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Control module functions

1

Goal

After working through this module, the students will be able to define and classify the term
‘Control module function' within the scope of object-oriented software structuring. They will
understand the concept, structure and functionality of control module functions and will know

typical control module functions and their implementation in PCS 7.

Prerequisite

This chapter builds on chapter 'Plant hierarchy'. To implement this chapter, you can use an
existing project from the previous chapter or the archived project 'p01-03-exercise-r1905-en.zip'
provided by SCE. The download of the project(s) is stored on the SCE Internet for the respective

module.
The file 'p01-04-symbols-r1905-en.dif' (stored in zip file 'p01-04-files-r1905-en.zip") is additionally
needed.

The simulation for the SIMIT program can be retrieved from the file 'p01-04-plantsim-v10-r1905-

en.simarc'. It can be run in demo mode.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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3 Required hardware and software

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

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

3 Demo Version SIMIT Simulation Platform V10

2 SIMATIC PCS 7
V9 SP1 or higher

1 Engineering Station

3 SIMIT V10 or higher

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
p01-04-individual-drive-functions-v9-tud-0719-en.docx



4.1

Learn-/Training Document | PA Module P01-04, Edition 02/2020 | Digital Industries, FA

Theory

Theory in brief

The goal of object-oriented software structuring is to reproduce the structure of the real plant
through corresponding modularization of the user software as clearly as possible. 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 devices that are not controlled directly, in the sense of object-
oriented automation, but rather are 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 device by providing corresponding 1/Os for actuating and control signals
as well as for parameter assignment and monitoring functions. The control is technically

implemented by an instance of the function block type and remains hidden from the user.

Figure 1 shows the transition from the real motor — in this case a pump — to a block of the

corresponding control module function.

pump A1T25004

Figure 1: Transition from the real motor to the block of the control module function
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p01-04-individual-drive-functions-v9-tud-0719-en.docx



Learn-/Training Document | PA Module P01-04, Edition 02/2020 | Digital Industries, FA

In general, control devices can be operated in four different operating modes. The possible
operating modes of the device are:

Out of service

— in Manual mode

in Automatic mode

InLocal mode

A control module function may only ever adopt one operating mode. The operating modes
mentioned can have equal priority or be hierarchically prioritized. In addition, control module
functions provide functions for protection against device and process faults. Various interlocks as

well as runtime monitoring for the device and for the controlled process are also implemented.

Function block types, referred to as block types in PCS 7, represent pre-assembled program
sections 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 specifies the characteristics for all instances of this type. PCS 7 already provides many
powerful and tested control module functions as block types in the process control libraries. They
model one control device each and provide the entire control logic.

In addition, functions are offered for the following:

— Operator control and monitoring of the control module function
— Controlling of signals

— Monitoring and alarming

— Operating state selection

— Interlocks

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

control system.

Control module functions enable efficient development of high-performance, high-quality
solutions. They modularize and type-define recurring functionalities. These functionalities can be

reused and centrally modified, which speeds up the development process considerably.
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p01-04-individual-drive-functions-v9-tud-0719-en.docx



4.2

4.3

Learn-/Training Document | PA Module P01-04, Edition 02/2020 | Digital Industries, FA

Object-oriented software structuring

The goal of object-oriented software structuring is to reproduce 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 operator control and
visualization options. It thus 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 process without having to draw on knowledge of the internal data
and operations of the function block.

Channel functions (drivers)

In addition to the handling of field devices through dedicated reusable blocks, it is often useful to
abstract the I/0 interfacing through channel blocks (drivers). Although it is always possible to
access the process image directly using symbol names or addresses, the possibly numerous
parameters for configuration of the channel must be set elsewhere. This quickly leads to unclear
programs. PCS 7 provides a set of channel blocks that evaluate the status signals of the
modules and support testing and commissioning of automation programs through simulation
modes. In the analog channel blocks according to Table 1, internal digital variables are also
mapped to the physical operands and display variables through the VLRANGE and VHRANGE
parameters. PCS 7 can generate the necessary drivers automatically when channel blocks are

used. Channel blocks are therefore frequently used in the templates of the PCS 7 libraries.

Channel block Block Interconnection, Parameter
Digital output PCS7DiOu PV_Out

Digital input PCS7Diln PV_In

Analog output PCS7ANnOu PV_Out, Scale

Analog input PCS7AnNIn PV_In, Scale

Table 1: Listing of various channel blocks for abstraction of the 1/O interfacing
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Control module functions

Motors and valves are of crucial importance in factory and process automation as control
devices. There are many popular types with specific operating and message behavior. In terms of
object-oriented automation, such devices are not controlled directly, but are initially modelled as
function block types. Control of these devices always takes place indirectly via an instance of the
corresponding function block type. Function blocks for motors and valves are called Individual
Drive Functions (IDF). Control module functions allow control, monitoring and operation of
control devices by providing corresponding 1/Os for actuating and control signals as well as for
parameter assignment and monitoring functions. The technical implementation of the control,
such as the startup characteristics, the control of the drive or the device monitoring, is realized
through the function block instance and remains hidden from the user. PCS 7 already provides

many powerful and tested control module functions as block types in the process control libraries.

Table 2 summarizes the control module functions of the PCS 7 Advanced Process Library

[2].

Control Application

module

function

MotL Control of motors with a control signal (on/off) and running | FB 1850
feedback

MotRevL Control of motors with two directions of rotation | FB 1851

(counterclockwise, clockwise) and a maximum of two

feedbacks.

MotSpedL Control of motors with two speeds (slow/fast) and a | FB 1856
maximum of two feedbacks.

VIvL Control of control valves with a control signal (open/close) | FB 1899

and two position feedback signals (open/closed).

VIvMotL Control of motor-driven valves with two control signals and | FB 1900

position feedback signals (open/closed).

Table 2: Control module functions of the PCS 7 Advanced Process Library
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Protective measures

Various protective measures must be taken for the control of control devices. First, the devices
themselves must be protected from faults. Second, under fault conditions the controlled process

must be brought to a safe state and kept there until the fault conditions are eliminated.

Device faults (for example, cable break, axis break) cannot be prevented by the control device.
But the effects can be minimized through redundancy concepts. Process faults (for example,
tank overflow, dry run of a pump), on the other hand, must be prevented directly through the
control. Appropriate interlocks are implemented for this. If the control module function detects a
dangerous process state based on the current input values, the controlled device is brought to a
safe state (refer to the chapter 'Functional Safety'). The device is kept in this state as long as the
dangerous process state is present. Interlocks are normally specified using an interlock

matrix.

To detect a device fault, a control module function often performs runtime monitoring By
using certain sensor information from end position sensors in valves, for example, the control
module function checks whether the output actuating signals also achieve the required effect. If
over a certain period of time the measured values contradict the output actuating signals, there is
an error. 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 remedied
and the alarm has been acknowledged. Simple binary circuit breakers are often used to detect

device faults.

Operating modes

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

basic operating modes

Out of service: The device is not active.

— Automatic mode: The control module function is controlled automatically by a higher-level

program.

— Manual mode: The operator controls the control module function directly by means of a

graphical user interface of the control system.

— Local mode: The operator operates the device locally, for example, using an operator

panel.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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A control module function may only be in exactly one operating mode at a given time. Various
concepts exist for how the related mode changeover can be safely and unambiguously realized.
Basically, these concepts can be divided into those in which the operating modes are on a par
and those in which an operating mode hierarchy exists. In the latter case, the possible operating
modes are additionally explicitly prioritized. In this case, a selected operating mode is changed
precisely when the device is not active (operating mode: Out of service) or when the desired

new operating mode has a higher priority that the previously selected one.

Function block types in PCS 7

Function block types are referred to as block types in PCS 7 and represent pre-assembled
program sections 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 specifies the characteristics for all instances of this type. The utilized block types
of a project are stored in the master data library for this. If the block type stored there is changed,
the changes are applied immediately to all instances. This concept of type definition supports
efficient engineering through reusability and central changeability of frequently recurring

functions.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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Figure 2: Block of control module function Motor_Lean
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A control module function in PCS 7 models a control device and provides the entire control logic.
Figure 2 describes the basic structure of the corresponding motor block using the control module
function Motor_Lean as an example.

The block also provides the following functions:
— Operator control, monitoring, messaging

Operator control and monitoring of process values and setpoints and control of operator
authorizations and maintenance releases are possible via a display and operator input area.
General and instance-specific messages provide information about the status of the device

and the process.
— Control of signals

Control signals can be output as static or pulsed signals. The signal status, i.e. quality of the
actuating signals, is monitored Internal and external setpoints as well as simulated values

can be specified, and ramps or dead zones can also be set.
— Monitoring

The block can monitor limits and generate corresponding warnings or alarms if limits are

violated. In addition, feedback from actuating signals can be monitored.
— Interlock functions

The block allows for a simple activation enable as well as an interlock with and without reset.
It implements a motor protection function that can switch off the motor in the event of thermal
overload. In addition, rapid stop is available for motors; it has the highest priority in all
operating modes and states. In the case of an interlock, the device is automatically brought

to a de-energized state and thus to a defined safety position.
— Operating state selection

The operating modes Local mode, Automatic mode, Manual mode and Out of service
presented at the beginning are available for all control module functions in PCS 7. The are
prioritized in descending order, i.e. local mode has highest priority and out of service mode
has lowest priority with automatic and manual mode having the same priority. In addition, it is
possible to put the block into a different operating state using interconnectable input
parameters, regardless of the currently pending control (forcing of operating states).

— Faceplates with different views

Faceplates provide a corresponding block icon and, depending on the application,
corresponding views for each block type. Typical faceplates are, for example, the block icon

itself, the parameter view of motors and valves and the limit view of motors.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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This list of functions clearly shows the complexity and the range of functions of a typical control
module function. The number of available inputs and outputs for these block types is
corresponding large. For example, the control module function Motor_Lean has a total of 53
I/0s. To keep the complexity of the program design low nevertheless, it is possible to hide inputs
or outputs that are not needed. The control module functions in PCS 7 also use a uniform and

integrated scheme for designating the inputs and outputs.

The control module functions in PCS 7 provide a large range of functions and guarantee
consistently high quality and reliability of the algorithms used. All block types have been tested
extensively and have already been proven in industrial use. This reduces the effort needed to

develop high-performance, high quality solutions considerably.

4.8 References

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

2] SIEMENS (2018): SIMATIC Process Control System PCS 7 Advanced Process Library
(V9.0 SP2). A5SE39148920-AC.

support.automation.siemens.com/WW/Niew/en/109760968)
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5 Task

A pump motor for draining the liquid from Reactor RO01 is to be created as the first program in
the Continuous Function Chart (CFC). The pump motor has an output for controlling the pump
and a feedback for checking whether the pump is also running.

Address Data Symbol comment

type

Al.T2.A1T2S003.SO+.0+ || 1.3 BOOL Pump outlet reactor RO01 feedback

running

Al.T2.A1T2S003.SV.C Q 34 BOOL Pump outlet reactor RO01 control signal

Table 3: Assignment list

A1T2L001

)

/Tsas Y TIc
WTZ:TOWWTZ:TOW\

Va

\A1T2T001/

=SCE.A1.T2P001 ( | }—oA m }-oe

=SCE.A1.T2R001
Reactor

A1T2S003

Figure 3: Excerpt from P&ID flowchart

6 Planning

Besides the two symbols known from Table 3 of the task, there are many other symbols in the
plant. To avoid having to enter all of these by hand, the previously prepared file p01-04-symbols-
r1905-en.dif can be imported. It can be generated from the P&ID as the result of an effective
plant planning. Because a motor (see Figure 4) is to be realized, a pre-assembled chart
'‘Motor_Lean" from a PCS 7 library will be used for creating the program. It will be copied to the

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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project's master data library and adapted there. Then the program will be loaded to the PLC

simulation and tested.

[ Tsar Y TIC

\arT2r001 \aT2ro0y/ =SCE.A1.T2R001

ﬁ Reactor
TV

A1T2T001

Figure 4: Portion of the P&ID flow chart to be programmed

7 Learning objective

In this chapter, students learn the following:

Creation and import of symbols via a symbol table

Use of master data libraries

Creation and editing of CFCs

Central compilation and download of the project

Testing the program using the control functions in the CFC

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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Structured step-by-step instructions
Editing the symbol table

1. Before starting the programming of the control module function for the pump motor, symbols
for the global tags are created. For this, you select the component view in SIMATIC
Manager, select the folder 'S7 Program(1)' and double-click Symbols to open the symbol

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

_ SIMATIC Manager - [SCE_PCS7_MP (Component View) -- C:\Program Files (x86)\..\S7Proj\s7proj

; =] B
File Edit Insert PLC View Options Window Help ==l
Dﬁ|§?@|%ﬁ|ﬁ”€%|£g’?-§5§ (1 || < Mo Fiter > jvﬂl%‘%|%gmlk‘?|
25 SCE_PCS7_MP [&) Sources Blocks gl Chats
=P SCE_PCS7_P
- EEE A

- [§ cPus430P

¢ [-{Z7 §7 Program(1)
m-+{f CP 4431
DR AS2

- =8 05

E]--{:| Shared Declarations
=g SCE_PCS7_Lib

E-E7 57 Program(1]

ol Sources

#-{_7] Shared Declarations

Press F1 to get Help.

[ |PC internal.local. 1 5

2.

The symbol and symbol comment can then be specified for each address in the symbol
table.

ﬁ'gSvmbol Editor - 57 Program(1) {Symbols)

_(Ol I
Symbol Table Edit Insert View Options Window Help
SH| S| % B o o |[asmos =% | »2|
&1 57 Program(1) (Symbols) -- SCE_PCS7_Prj\AS1\CPU 414-3 DP =01 x|
Status | Symbol £ Address Data type Comment
1 A1 T2 A1T25003.50.. |1 1.3 BOOL pump cutlet reactor RO0M feedback running
2 A1T2AIT25003.5V.C (Q 34 BOOL pump outlet reactor RO01 control signal
3
Press F1 to get Help. MNUM 5

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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3. If available, the content for the complete symbol table can also imported in *.dif format. In this

case, the imported table is integrated into the existing table. (— Symbol Table — Import)

ﬁS\meol Editor - 57 Program(1) (Symbols) _ 10l =l
Symbol Table Edit Insert View Options Window Help
Open... Coi+0 |} | o cu | [arsmbos =% | w2
Close Ctrl+F4
5) -- SCE_PCS7_Prj\AS1\CPU 414-3 DP = IElliI
= Coke Address Data type Comment
Properties... 03.50... |1 1.3 BOOL pump cutlet reactor R001 feedback running
03sv.e |Q 34 BOOL pump cutlet reactor ROO1 cuntrulsigna|
Export...
Print... Cirl+P
Print Preview...
Page Setup...
1 Brexious File
Exit Alt+F4
Inserts a copy of a saved file (of a different format) in the current symbol table. MM v

4. The source file in ‘'Data Interchange Format' (*.DIF) is now selected.

(— p01-04-symbols-r1905-en.dif - Open — Yes — Yes — El)

x
Look in:l , files j | I=_°F '
Mame = ~| Date modified *| Type

p01-04-symbols-r 190 5-en.dif 20.03.2019 14:06  DIF File

4 | 1

File name:  |p01-D4-symbols+1905-en Open I

Fles of type:  [All (* ASC," SEQ," DIF,” SDF) = Cancel L
%

Import Symbol Table (3:73)

@ 'Unda' iz no longer possible after this action and the

Import Symbol Table (291:1392)

I /,.' comment will be applied from the import file for identical

R Impart event:;
= symbals. l"} 0 I?rru:ur,
; T 0% amings,
Do pou want to continue? 0 Conflicts

Do wou want to open the protocol file?
[~ Da nat display thiz message again.

Yes Mo Help | es Mo Help
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5. Alogis displayed.

JT=TE

File Edit Format View Help
Import file: D:%\SCE_W90\files'pOl-04-symbols-r1905-en.dif

Error: 0
warning(s): 0
conflict(s): 0O

] 20

6. The finished symbol table must still be saved before closing.
(— Save = — EI)
ﬁSvnlbol Editor - 57 Program(1) (Symbols) ;lg|5|
Symbol Table Edit Insert View Options Window Help
BH & & BE| o o |[usmos =1 | 2|
Status | Symbol £ Address Data tvpe Comment
1 P'-H TLAITIXOM XWVC (@ 00 BOOL walve inlet educt tank B001 cantrol signal
2 AlTLAITIHIZXV.C [ Q 01 BOOL wvalve inlet educt tank BOO2 control signal
3 AlTLAITIXI03XV.C [Q 0.2 BOOL valve inlet educt tank BOO3 control signal
4 AlTTLAITIXINE XV C [ Q 0.3 BOOL wvalve outlet educt tank BOO1 contrel signal
5 ATTLAITIXO0S XV C (Q 0.4 BOOL wvalve outlet educt tank B0OO2 contrel gignal
& AlTLAITIXOE XV .C [Q 0.s BOOL wvalve outlet educt tank B0OO3 contrel gignal
i Al TIAITIHIM XV.C [Q 06 BOOL wvalve inlet product tank BOD1 control signal
8 Al TIAITIKNZXNV.C [Q 0y BOOL valve inlet product tank BOO2 control signal
9 A1 T4 AITAX0M XV C [ Q 1.0 BOOL wvalve inlet ringing reactor R001 contrel signal
10 A1 T4 AITAXONZ XV C [ Q 1.1 BOOL wvalve inlet ringing reactor R00Z contrel signal
11 A1 T4 AITAXO0I XV C [ Q 1.2 BOOL wvalve outlet ringing reactor RO01 control zignal
12 A1 T4 AITAXODE XV C [ Q 1.3 BOOL wvalve outlet rinsing reactor R0O02 control zignal
13 Al TZAITZOM XV.C [ Q 14 BOOL wvalve inlet reacter RO0 from educt tank BOO1 control signal
14 Al TZAITZ00ZXV.C [ Q 15 BOOL valve inlet reacter RO01 from educt tank BO02Z control signal
19 A1T2AITZ0023. WV C [ Q 16 BOOL wvalve inlet reactor RO01 from educt tank B0OO3 contrel signal
16 A1TZAITZX004 X0 C (Q 1.7 BOOL wvalve inlet reactor R0O02 from educt tank B0O1 contrel signal
AF A1 T2 AITZX00S XV .C [ Q 2.0 BOOL wvalve inlet reacter R0O02 from educt tank B0OO2 contrel =ignal
18 A1 T2 AITZX00E XV C [ Q 2.1 BOOL wvalve inlet reactor R0O02 from educt tank B0OO3 contrel signal
19 Al T2 AITZOOITXV.C [ Q 22 BOOL wvalve inlet reactor RO02 from reactor R0O01 control signal
20 Al TZAITZ00BXV.C [Q 23 BOOL valve inlet reacter RO01 from reactor R0O02Z control gignal
21 A1TTLAITISOM .SV (Q 3.0 BOOL pump cutlet educt tank BOO1 contrel signal
22 A1TTLAITISO0ZSV.C (Q 3.1 BOOL pump outlet educt tank BOO2 contrel gignal
23 A1TLAITISO03SV.C (Q 3.2 BOOL pump cutlet educt tank BOO3 contrel gignal
24 Al TEAITASIM . EV.C [ Q 33 BOOL pump rinsing control signal
25 A1 T2 AITZS003.5V.C (Q 34 BOOL pump outlet reacter R001 control signal
26 ANT2AIT23004.5V C (Q 3.5 BOOL pump cutlet reactor RO0Z centrol signal
7 A1 TZAITZHOOT.HO.. [Q 4.0 BOOL reactor RO01 stir status value
28 A1 T2 AITZHO0EHO.. [Q 4.1 BOOL reactor RO01 heating status value
prac] A1T2ZAITZHO11.HO... [Q 42 BOOL reactor RO01 empotv status value
Press F1 to get Help. | [ | 4
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8.2 Inserting the Motor_Lean block from the PCS 7 AP Library V90

in the project library

1. PCS 7 provides extensive libraries containing a large number of prepared blocks as well as

pre-assembled charts, called templates. You will use such a template for the pump motor.

For this purpose, open the PCS 7 AP Library V9.0. (—» File » Open — Libraries —»
PCS 7 AP Library V90 — OK)

f-ﬂ SIMATIC Manager - [SCE_PC57_MP (Component View) -- C:\Program Files (x86)\-.\57Proj\s i ] 4
W Edit Insert PLC View Options Window Help - |E|5|
E New... [ FL I pae=—— o R BE M 2
E.

Mew Project’ Wizard... Icks @ E-harts

Open...

Close

Multiproject »

57 Memory Card »
Memaory Card File »

Save As... Ctrl45

Delete...
Reorganize...
Manage...

Archive...
Retrieve...

Print »
Page Setup...

1 5CE_PCS7_Prj (Project) - C:\,..\s7proj\SCE_PCST\SCE_ Prj
2PLT-PR_Master_MP (Multiprojekt) — C:\...\PLT-PR_M\PLT-_MP

Exit Alt+F4

Opens a project to be selected or a library to be selected. &

Open Project x|

User projects  Libraries I Sample proiectsl Multiproiectsl

Mame | Storage path | -
& CFC Library C:\Program Files [«86)%SIEMENSASTEP TS Plibstclclib
@ Logich atrix C:\Program Files [x86)5SIEMEMSASTEP LS Flibs\LA_Lib_W9
P Library 30 gram Fil g F_|
2 PCS 7 BasisLibrary w30 C:\Praaram Files [(<86SIEMENS\S TEPTAS 7libs\PCS_7_BASISLIERARY_Ya0
@ PLT-PR_Master_Lib C:Program Files [«8E)4SIEMENSASTEPTS 7Pl \PLT-PR_MAPLT _Lib

I
I
& Redundant 10 CGP Y40 C:\Pragram Files (+86]SIEMENSA\STEPTAS libstred _io_1
I
I

& Redundant 10 CGP W52 C:\Program Files [«85)4SIEMENS\STEP ™S Plibsred_in52
O Redundant 10 MGP W32  C:\Program Files [#86ASIEMEMSASTER TS Flibsred_io O

@ 5CE_PCS7_Lib C:MProgram Files (#8655 IEMEMNSNSTEPTAS PProjs7pronSCE_PCS7ASCE__Lib
& SFC Library C:\Program Files [«86%SIEMENSASTEP TS Plibshsfclib
@ SFC Library C:MProgram Files [#86)4SIEMEMNSNSTEPTAS Plibshsfclib_B0
& 5FC Library C:Program Files [#86)5SIEMEMNSASTEPTAS Plibshsfclib_B1
@ SIMATIC_NET_CP C:8Program Files [#BEMSIEMEMNS NS TEPTAS Plibshsimaticn —
& Standard Library C:\Program Files [BE)5SIEMEMNSASTER S Flibststdib30
& atrllibe 121 C-APronrarn Files IRRIS IF MEMSASTFP WS Plibehatdlibe LI
Selected
User projects: I_
Libraries: I_'I

Sample projects:

Multiprojects: Browse. .. |
QK | Cancel Help |

4

d
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2. In order to move this template from the library to the project using drag-and-drop, go to the

plant view of the project. (— View — Plant View)

[ s1MATIC Manager - SCE_PCS7_MP =lolx]
File Edit Insert PLC | view Options Window Help
| D) & | BF & | i < Component Vien

Plant View

I:NoFllter> jVJI%?gI%EmH?

e _I0ix]
E@ PCS 7AF Libran,  Technological list editor | Analogh onitoring_Fb CascadeControl -
[={z7] Blocks+Tem - CascadeR CazcadeStepContral
@ l.lne E7 Digitaloritoring [ Digitaltonitaring_Fb

ErE 7y Dose_Lean_Fb Drive [@% FbGainSchedLim
Large Icons =t GainS cheduling Maragedt atarStarter

» small Icons i bMotar_&y_EventTs Mator_Lean
List o kd b D e vmenible T bl ek e S oA manbrn

E Details } -- C:\Program Files (xB86)\..\57Proj\s7proj\SCE_PC57 — |EI|1|
=
g Blocks Charts
. Filter. .. @

Define Colummns. .
Show All Levels Mum™
Hide All Levels Mum-

v Toolbar

w Status Bar
Update F5

[={z7] 57 Program(1]
{B] Sources
{£H Blocks =
: @ Charts
[ 71 Shared Declarations LI
Changes to the Plant View. S

3. Using drag-and-drop, move Motor_Lean (Library, Templates) to Process tag types (master
data library). (— PCS 7 Library — Blocks+Templates —» Templates — drag Motor_Lean to

plant view —» SCE_PCS7_Lib — Process tag types)

_SIMAT_[C Manager - PCS 7 AP Library V90 _l— _ID il
File Edit Insert PLC View Options Window Help
D874 | & 2R dalo %% 8 & | [« o Fter > -7 | %S BE M N
ol R
=78 SCE_PCS7_MP = FCS TAP Liotary w30 " =
@ SCE_PCS7_Prj = Block s+ emplates

=g SCE_PCS7_Lib
-{_7] Shared Declarations

+ 1"?_}' Models

{2 Process tag types

; FhwdDizturbCompenzat
i1 KalFilt blocks GainS cheduling
MPC10%10 blocks ManagedtatorStarter
ModPraCan
Motor2Speed
Motor_&%_EventTs
ator_Lean:
MotarReversible
MatarS peedContrallzd
OverrideControl
OwerrideR
PIDConl_ConPertdon —
PIDConR_ConPertdon
PIDConR_tY_Ramp
PIDContral_Lean
FIDControl_Lean_Fb

_'U
=
0
o
3
[¥p)
KN
N

Press F1 to get Help. [PCinternal.local. 1
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8.3 Centrally edit Motor_Lean

1. A change is now to be made centrally for all process tags of the 'Motor_Lean' type. This is

done be opening the CFC 'Motor_Lean' from the master data library with a double click. (—
Motor_Lean)

_HHAT_[C Manager - SCE_PC57_MP

o [=] o3
File Edit Insert PLC View Options Window Help

D877 % 2R (dalo %%k (& | [ < No Fiter > % v @ BE M|

[B® SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\SIEMENS\STEP7\S7Proj\SCE_PC_3\SCE_ MP i |m]
El-{=5] SCE_PCS7_MP i
=8 SCE_PCST_Pii
#-{Z7] Shared Declarations
= A1_multipurpoze_plant
- T1_educt_tanks
educt_tank BOO1
educt_tank BODZ
educt_tank BOO3
T2_reaction
reactor ROO
reactor RO02
3_product_tanks
product_tank BO01
product_tank BO0Z2
T4 _rinzing
Ba| rinzing_tank BOO1
=@ SCE_PCS7_Lib
&-{17] Shared Declarations
1‘7‘_}' Models
{2 Process tag types

Press F1 to get Help.

[PCinternal.local. 1 [z

Note:

CFC stands for Continuous Function Chart and is a graphic programming language for
describing continuous processes. Pre-assembled blocks are placed, parameterized and

interconnected in the CFC. This way, the programmer creates an overall software structure
for open-loop and closed-loop control of a machine.
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2. A CFC consists of chart partitions with 6 sheets each. In the overview, all six sheets are
displayed with their gray sheet bars. The incoming signals are shown on the sheet bars on
the left of the sheet and the outgoing signals on the sheet bars on the right. You can change

to the sheet view by double-clicking a sheet. (— Overview — — Double-click on first sheet)

SEF
=i

B RDEs |« e e 2= X|E0FJag aBmw

P —

T ocks [Bones | Wim |

i

I~ Frdintaletr 2 ka1l f
- e 5 Vo e TG
Note:

— You can switch between the chart partitions (maximum A to Z) with the tabs in the bottom

bar. There is only chart partition A here to start.
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3. You want to make a change to the 'MotL' block in the process tag type 'Motor_Lean'. To do

S0, open its properties. (— MotL — right-click —» Object Properties)

iz
=iz
(@O Es |7 el 3 =mn X BEM Jaa mBmMw

= Ot blocks
g8 57 Prograndy)

=

[on_o08
o4

wien [N

I— . i
I i 2 v 5
Press F1for help. I WSwet | (0B32 Motor_Lean Motor_Leen'OR_00S.
Note:

If blocks turn blue and are displayed without 1/Os, this means that insufficient space is

available for the full display. In this case, the blocks must be shifted in the CFC until no more
error messages are output.
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4. You are not interested in changing the general properties, such as whether operator control

and monitoring is possible, so you change to the I/Os tab. (— 1/0s)

Properties - Block -- Motor_Lean\Motor
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5. The I/Os are displayed in a table together with many configurable properties. You will get to
know the most important properties below. For now, you merely want to cancel the invisibility
for 'AutModOp' in the 'MotL' block. This will make this 1/O visible in the sheet. Exit the

properties with 'OK'. (— AutModOp — Invisible — L] — OK)

x

General 1¥Os |

# |Name 1/0 | Ty..|Va..| In... | Ad...| Fo... | Fo... | 5F...| Te...| Co...| Invisible | W... | Ar...| T =

1 EM IN  [BOOL|1 1| [] 1| [] [v] ]

2 |StartAut IN |ST... [ | [] (1] [1=... [] [v]

3 |StartAut.Value IN | .. |0 <t [ [] 1 ] |v... [v] (]

4 |StartAut.ST IN | .. |16 |=ca [ ][] 1| ] |si.. [w] (]

5 StopAut IN [ST... (]| [] 1] [1=... [] [v]

6 StopAut.Value IN | .. |0 <t [ [] T[] v [w] (]

7  |StopAut.ST IN | ... |16, |<c.| [ ][] 1| ] |si.. [w'] (]

3 StartMan IN |BOGL|O 1| [] 11 ] 1= [v] [ M

9 StopMan IMN |BOOL|D (]| [] 1] [1=... [v] ] M

10 (ModLiop IN |ST... (] [ [] (1 [] [1=... (] [v]

11  |ModLiOp.Value IN | .. |0 <t [ [] 1 ] |v... [w'] (]

12 |ModLiOp.S5T M| ... |16 [=e | ][] 11 [ |si... [ (]

13 |AutModOp IM |BOOL|D (]| [] 1| ] |1= ] M

14 |ManModOp IM |BOOL 1 (] [ [] (1 [] [1=... " ] M

15 |AutModLi M |ST... ] | [] 1| ] [1=... ] [w]

16 |AutModLi,Value M| ... |0 <t [ ]| [] 110 |v... [v] (]

17 |AutModLli.5T IN | . (160 (e [ ][] (1| []|s5i.. [v] []

18 |ManModLi M |ST... (] [ [] (1 [] [1=... (] [w]

19 |ManModLi. Value IN | .. |0 <t [ [] 1 ] |v... [w'] (]

20 |ManModLi.5T M| ... |16 [=e | ] [ 11 [ | si... [+] (]

21 |Localli IN [ST... [ | [] (1] [1=... [] []

22 |Localli.Value IN | .. |0 <t [ [] 1] | v... [v] ] M
Localli.5T IN | .. |16 |=ca [ ][] 1| ] |si.. [w] (]

24 |LocalOp IN  |BOOL|O 1| [] 1107 [1=... [v] ] M

25 |MS_RelOp IMN |BOOL|D [ | [] (1] |op... [v] (] [M

26 |DosOp IMN |BOOL|0 ] | [] 1| ] |1= [v] ] M

27 |OosLi M |ST... Mo... [ || [] 1| ] [1=... ] [w]

28 |OosLiValue N[ .. (11 [ (11 ] [v... [v] [] - |

1 I r

Print Cancel |  Hep |

Note:

— If you click on the header of a property, the display can be sorted alphabetically by this
column.
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6.

The process tag type can now simply be closed. A save operation occurs automatically at
each change. (— Chart — Exit)

£5 CFC - [Motor_Lean - SCE_PCST_Lib\Hodels)

Y Chart Edt Juet CPU Debug View Optons Windom Mep
C

hew...
open...

crlan

on KIEDF D 5a 250w

o APLTER Mastr friochaniogell |_Pskespeiche frhitoehsher_IAIT 13004
o ZPUTER Master P attasge T1_EdAapscher EKibehiter_LI1ATT 1001

Lean (A, 11\ Tacerica | P
ur cuep

F tocks [Bows | Womms |

T Findl inkial ietter ’:
£

8

3 L‘
[TITIY
I‘

38

g8

[SToha /1Ll ] o
Ooses ol wimdous s plcston s ot b, o [l [A/Shee | [0B32 Motor_Lean Wowcr_LeaniOR_00S
8.4 Implementation of an instance of Motor_Lean
1. To use the 'Motor_Lean' process tag type, it is moved directly to the 'Reactor RO01' chart
folder using drag-and-drop. (— Motor_Lean — Reactor R001)
. SIMATIC Manager - SCE_PCS7_MP _I- _ID ﬁl
File Edit Insert PLC View Options Window Help
D |87 | % B dalo =) % B 8 [ E|[<NoFter> - Ye BEM N
[ SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\...\S7Proj\s7proj\SCE_PCS7\SCE__MP - |EI|5|
=8l SCE_PCS7_MP E@ Mator_Lean
=& SCE_PCS7_Pi
{7 Shared Declarations
A1_multipurpoze_plant
educt_tank BODY
educt_tank BOOZ
educt_tank BOO3
T3 product_tanks
product_tank BO01
product_tank BO02
T4 ringing
Ei| rinsing_tank BOO
I':'l@ SCE_PCSY_Lib
+]-{_7] Shared Declarations
@ Models
Process tag types
Press F1 to get Help. PC internal.local. 1 4
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2. Because this chart is to be used to control pump A1T2S003, it is now renamed A1T2S003
and opened with a double-click. (— Reactor RO01 — rename Motor_Lean to A1T2S003 —
A1T2S003)

1=TE.J
File Edit Insert PLC View Options Window Help

D2 |87 | & B da[o % )e 8 & B | <o S @ BEM

[® SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\...\S7Proj\s7proj\SCE_PCS7\SCE__MP - |EI|5|
EI@ SCE_PCS7_MP E[a1T25009 |
=& SCE_PCS7_Fi

-7 Shared Declarations
A1 _multipurpoze_plant

| educt_tark B0
educt_tank BODZ
educt_tank BOO3

_reactor RO
reactar RO02

= SCE_PCS7_Lib
+]-{_7] Shared Declarations

55 Models

-- Process tag types

Press F1 to get Help. [ [PC internal.local. 1 v

3. The properties of the 'MotL' block are then opened with a right-click.

(— Motor_Lean — Object Properties)

15, CFC - [A1725003 -- SCE_PCS7_Prj\A1_multipurpose_plant\T2_reaction\reactor R001] =lsix
T T ielx|
D@ sme DO E= 5+ el 3 x=m X BOMJ4a S0 W
o G =
e T L
5 @ Wikt ronae
» @ icc rearmuza
o @ COMPARE 1 lorgizal

— [outStaze
. lPe=7030u
- [piaseal

5 g8 57 Progrand() L

Fermiz
[Tac1x02
lTazerice

[interiock

| ltae1e0z ecor
liatesioe s lozos 5
luogecat tig—1

Protect
ltec1x02

ltaterice

l |
r ':'i 1 e
I Frdintislieter = ETaha /1Ll =

] v
Froms P heo Woheat] [OBI2 AITZ5003 AITZ50030R 005

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
p01-04-individual-drive-functions-v9-tud-0719-en.docx

29



Learn-/Training Document | PA Module P01-04, Edition 02/2020 | Digital Industries, FA

4. The name of the block is changed in the general properties. (— pump_Al1T2S003 — OK)

Properties - Block -- A1T25003\Motor
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5. Now, you want to change the time for the feedback monitoring after successful operation of
the motor block to 10.0 seconds. The properties dialog for the 'MonTiDyn' input is opened for
this purpose and 10.0 is entered for Value. Exit the dialog again with 'OK'. (— MonTiDyn —
Value: 10.0 —» OK)

-5 CFC - [A1725003 —— SCE_PCS7_Prj\AL_multipurpose_plant\T2_reaction\raactor R0O01]

B Chart Edi Insert CPU Debug View Options Window Help
NS&| 4 ke|[MEE<|F | ond| T o x =25 2O v\@za\%gmm\

TR New Chart
Nen Text
@ Alblocks FokRun
e e
@ covpare al 72
@ CONVERT
@ Crannel . [
@ Drives _ N e
Sror =
@ Interlck

:L';E“[_D‘ Block Mot pump_A1T25003
@ MATH_FP 1/0; MonTiDpnamic - IN[REAL]
@ MATH_INT

g MULTTRLX Value: 00 LI
: e T~ watched
@ Other blocks
$7Program(1)

[pume_R1725003
[MosL.
ovor -

outstare
Il invetted e

032

Digital a

Comment [Monitoring Time of Feedback on starting or on change in control output [s]

Dperator authorization level: |2 08 additional text:

i
= ddfarcing ¥ Parameter
I~ Foreing actve I Signal
Force value: |
I~ MES-relevant

Cancel Heb Error

loros -
[Logical ar
| B
Brotect [or_ces
L Tnt1x0z _— lozos s—
Intezloc [Logical

- Blocks [ Crars | i Lo
[ &[]
3

I~ Findiniial letter
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6. Next, the feedback is interconnected with the input address. This is done by right-clicking the
'PV_In" input on the 'FbkRun' block (PCS7Diln) and selecting the interconnection to the

address. (— FbkRun — PV_In — Delete Interconnection(s) — Interconnection to Address)

5 CFC - [A1T25003 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor R001]
[B Chart Edit Insert CPU Debug View Options Window Help

DES| s e (B0 =6 ed| 8 owns @00 = aEme

[ New Chart
New Text
s Allblocks FbkRun
& BIT_LGC Pcs7Diln )

@ Channel "feedback starc|
@ Drives
@ FLIPFLOP
@ Interlck
@ LogicDi -
& MATH_FP
@ MATH_INT
& MULTIPLY 1640
@ SHIFT 16#8000FFFF—|
@ WRD_LGC
@ Other blocks
57 Program(1)

@ COMPARE Digital 171
@ CONVERT
| Tnvert ctrl+R |—

5 CFC - [A1T25003 — SCE_PCS7_Prj\A1_multipurpose_plant\T2_reaction\reactor RO01]
[B Chart Edit Insert CPU Debug View Optons Window Help

DES|sne A E=|54 ad s ox=%xE00H2a(m5mK

[} New Chart

New Text
& All blocks FbkRun
@ BIT_LGC PcsTDiln 0]
& COMPARE Digital 11

@ CONVERT
@ Channel
@ Drives
& FLIPFLOP

Alt+Return

@ Interick
@ LogicDi
& MATH_FR
@ MATH_INT
@ MULTIPLX 20
@ st 1643000FFFF—|
& WRD_LGC
@ Other blocks
57 Program(1)

o

Notes:

— Like the PCS7DiOu block, the PCS7Diln block is a driver block for interfacing with the PLC
I/O. If the value 'PV_In' on the input block or the value 'PV_Out' on the output block is
interconnected with an address that is also configured in the hardware configuration, the

MODE input is automatically supplied with data later during compilation.

— For this to happen, 'Generate module drivers' must be selected later for the compilation.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
p01-04-individual-drive-functions-v9-tud-0719-en.docx



Learn-/Training Document | PA Module P01-04, Edition 02/2020 | Digital Industries, FA

7. The user selects the address that provides feedback on whether the pump is running directly
from the symbol table. (- A1.T2.A1T2S003.S0+.0+)

T25003 -- SCE_PCS7_Prj\A1_multipurpose_plant\T2_reaction \reactor R001]

[ Chart Edit Insert CPU Debug Wiew Options ‘Window Help

D8 me[pEE & | ad 1 x=x%anF-deasmsm|

[ New Chart
B Mew Text
s Allblocks FbkRun
- BIT_LGC Pcs7Diln ]
: Eg:\:\::: Dlaical in ‘ pump_A1725003 ‘
@ Channel L "A1.T2.A1T25003.50+.0+"
@ Drives —  @ALT2ATHOI5HO+-0+  BOCL Q 44 transfer reactor ROOL to reactor ROD2 status value =
@ FUPFLOP . B)ALT2AITHO15 HS+.START | BOOL 1 76 transfer reactor R0D1 to reactor RO02 start
@ Interlck 3 Bla1T2ATHO15HS-STOP  BOOL 1 77 transfer reactor ROD1 to reactor ROD2 stop
b g ::fﬁ‘Fp Bla1T2ATHOI6 HO+-.0+  BOOL Q 54 transfer reactor ROD2 to reactor ROD1 status value
B g GALT2AITHOI6.HS+START | BOOL 156 transfer reactor ROOZ to reactor ROD1 start
& MULTTRL GIALT2AT2HO16.H5-5TOP  BOCL 157 transfer reactor ROOZ to reactor RO01 stop
SHIFT GIALT2AT2S00L50+-.0+  BOCL 120 stirrer reactor ROD1 feedback running
‘ WRD LGC @ AL1T2AIT2S001.5V.C BOOL Q 4.6 stirrer reactor RO01 control signal
- . Oﬂve;b\wds @ A1T2.AIT25002.50+-.0+ BOOL 1 21 stirrer reactor RO02 feedback running
57 Program(1) S A1T2ATT25002.5.C BOOL Q 56 stirrer reactor ROD2 control signal

GIALT2ATIS003.5V.C BOCL Q 34 pump outlet reactor RO01 contrl signal
| a2 amso04s0+.0+  BooL 1 14 pump outlet educt reactor RO02 feedback rurning
arT2.a1m500450.C B00L Q 35 pump outlet reactor RO02 contral signal
ALT2ATTO0LTY.S BOCL Q 45 temperature reactor RO01 control signal he
ALt Amm002TV.S BOCL Q 55 temperature reactor RO02 control signal
SIALT2ATKI0LEO+.0+  BOCL I 654 valve inlet reactor RO01 from educt tank BO01 feedback of
GALT2ATN0LEO+.0-  BOOL 1660 valve inlet reactor RO 1 from educt tank B001 feedback d
art2amaxoLr.c B00L Q 14 valve inlet reactor RO 1 from educt tank BO0 contral sign
GALT2ATK002.60+-.0+  BOOL 1 655 valve inlet reactor ROO1 from educt tank B002 feedback of
1661 valve inlet reactor R001 from educt tank B002 feedback d v

3

AL T2 ATH002.60+-.0-  BOOL
Permit] T
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8. Next, the control of the output address is interconnected. This is done by right-clicking the
'PV_Out' output on the 'OutStart’ block (PCS7DiOu) and selecting the interconnection to the
address.

(— OutStart -» PV_Out — Interconnection to Address)

e 15l
_(&x%|
FH2amsmse|

[CutStart
Bcs7DiCu
Digital o

In to Address.
interconnection to Runtime Group...

[*output start™

Delete Interconnection(s) Del

=) Object Properties. .. Alt+Return

16#8000FFFE
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9. The address for control of the pump can now be easily selected directly from the symbol
table. (— A1.T2.A1T2S003.SV.C)

=1alx
=1alx

laa|zamw|

OutStart
Pca7Di0u
Digital s

- "A1.T2. A1T25003.8V.C" "output start”

aAl.TZ.AlTZHEIlE.HOi»nO{» BOOL Q 54 transfer reactor RO02 to reactor R001 status value ;I

@Al.TZ.AlTZHﬂlE.H5+.FFART BOOL I 5.6 transfer reactor RO02 to reactor R001 start

@AI.TZ.AWMUIE.HS-‘HUF BOOL I 5.7 transfer reactor RO02 to reactor RO01 stop

@ ALT2.AIT25001.50+-.0+ BOOL I 2.0 stirrer reactor R001 feedback running

@AI.TZ.AWZSDDLSV‘C BOOL Q 4.6 stirrer reactor R001 control signal

@ ALT2AIT25002.50+-.0+ BOOL I 2.1 stirrer reactor R002 feedback running

@AI.TZ.AWEUULSVC BOOL Q 5.6 stirrer reactor R002 control signal

a ALT2.AIT25003.50+.04+ BOOL I 13 pump outlet educt reactor R001 feedback running
ALT2AIT: 0 34

@ ALTZ2.ALT25004.50+.0+ BOOL 14 pump outlet educt reactor RO02 feedback running

& ALT2.A1T25004.5V.C BOOL 3.5 pump outlet reactor RODZ control signal

S ALT2AITITOOLTV.S BOOL 4.5 temperature reactor RO01 control signal I

@AI.TZ.AFFZTDDZW 5 BOOL

55 temperature reactor RO02 control signal J

I ALT2AITZ001.60+-0+  BOOL 65.4 valve inlet reactor ROO1 from educt tank B001 feedback of

HHOHHQHHOQOH
8
g

@AI.TZ.AWZXDDLGO-*-.O- BOOL wvalve inlet reactor RO01 from educt tank B001 feedback d
&AI.TZ.AWZXDDLX'V‘C BOOL 1.4 valve inlet reactor R001 from educt tank B0O1 control sign
@Al.TZ.AlTlXUUlGD*".U*’ BOOL £85.5 valve inlet reactor RO01 from educt tank B002 feedback of
@AI.TZ.AWD&UULGO-*-.O- BOOL 86,1 valve inlet reactor RO01 from educt tank B002 feedback d
aAI.TZ.AlTZXDDZ‘XV‘C BOOL 1.5 valve inlet reactor R001 from educt tank BO02 control sign
@AI.TZ.AWZXDDE GO+-.0+ BOOL 65.6 valve inlet reactor R001 from educt tank B003 feedbadk o]
@Al.TZ.AlTlXUUlGD*—-.U- BOOL 86,2 valve inlet reactor RO01 from educt tank B003 feedback d = |
a [ Er

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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S, CFC - [A1T25003 -- SCE_PCS7_Prj\A1_multipurpose_plant\T2_reaction\reactor R001]
[ Chart Edit Insert CPU Debug View Options Window Help

D@y wE ||| H | |8 o= xE00 e mSm(w|

%) New Chart
B Mew Text
7§y Allblocks
-y BIT_LGC
@ COMPARE
1@ CONVERT
7@y Channel
-y Drives
@ FLIPFLOP
+1- @y Interick
71y LogicDi
o}y MATH_FP
-y MATH_INT
-y MULTIPLX
-y SHIFT
o} @ WRD_LGC

@@ Other blocks
{3 §7 Program(1)

FbkRun
Pcs7DiIn
Digital

"A1.T2.R1T25003.50+.0+" I1.3
pump ocutlet educt reactor RO01 feedback running]

Fermit]

R1T25003 (&, 1) \Interlock]
Out Output|

1648000FFFF—

Permit
1nciko2
Interloc

0B33|

pump_A1725003

MotL
Motor -

Interlock
1nc1k02
Interioc

0832

Error
loro4
Logical

BlhEaa zam|

=181 x|
=8>

oucstarc
Fcs7Diou
Digital

1648000
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8.5 Preparing a simulation with PLCSIM

1. Before the program for the pump motor can be compiled and downloaded, the PLC
simulation S7-PLCSIM

must be started
(— SIMATIC Manager — '"=)

from SIMATIC

Manager.
=
File Edit Insert PLC View Options Window Help
D@ 827 ¢ e dalle %] - EE R ] <Nofter> - Pa BB MK
E= SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\..\57Proj\s7proj\SCE_PCS7\SCE__MP Simulation On/OF] Ol x|
EI@ SCE_PCS7_MP

=-8p SCE_PLS7_Pi
-] Shared Declarations
=% A1_multipurpose_plant
- T1_educt_tanks

educt_tank BOO1
educt_tank BOOZ2
educt_tank BOO3

reactor RO01
reactor ROO2

EI@ SCE_PCSY_Lib
[+ Shared Declarations
(B Madels

-- Process tag types

Turns the simulation of all modules onfoff.

4
2. The PLC simulation behaves like a real SIMATIC S7 CPU. However, inputs and outputs must

be inserted first before they can be monitored and operated. (— Insert — Input Variable —
Insert — Output Variable)

il 57-pLCSTML

File Edit WView | Insert PLC Execute Tools Window Help

Input Variable

-loj x|
2R B« B noaa ana

OP
- fal57-PLCSIML

File Edit View | Insert PLC Execute Tools Window Help

=10l x|
srousaning | D B H G looutiaratie 52 ' B BREE N | EaEnzaa aza
Ij ﬁ| o Output Variable
.“ Bit Memory F4

Shows an Output Variable,

Default: MPI=2DP=2 local=2 IP=132.
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3. The correct byte addresses must now also be entered. (— IB1 — QB3)

-ipix

File Edit WView Insert PLC Ewecute Tools Window Help
DS HES [rcsurceary -] d 2R BEx || EEEEE@aE aaa
D308 n +1 | o]

Cloc [T RUM

Press F1 to get Help. |Deﬁlt.it: MPI=2DP=2Local=2IP=192.

4. So that the program can be downloaded from SIMATIC Manager to S7-PLCSIM via the
correct interface, the PG/PC interface still has to be correctly set. (— SIMATIC Manager —
Options — Set PG/PC Interface)

=10l x|
File Edit Insert PLC View | Options Window Help
JD@|E?@|% Customize, .. Ctrl +Alt+E tNoFilter:: j7¢?|%§@|%gm|¥?|
Access Protection 4
CEATE o e — B
E-{25] SCE_PCS7_MP Change Logon ...
=& SCE_PCST_Pi _
[+ Shared Declara T LT i’

A1_multipurpos: Language for Display Devices...
T1 educt t  Manage Multiingual Texts »
educt_t

Flewire, .,
edust_t Run-Time Properties. ..
educt_t
T2 reactior Compare Blocks,
reactor Reference Data 3

reactar | Define Global Data

T3 product, Configure Netwark
product,
product v Simulate Modules

Configure Frocess Diagnostics

Tinzing_
O @ SCE_PLG7 Lp oo/ message system ’

#1-(Z] Shared Declars| s 7 License Infarmation...

@ todels

Frocess tag typ Charts 4
Shared Dedarations 2

Flant Hierarchy

Process Objects
Process Objects {Onling)
Process Tags

Models

Flant Types

- v v v v w

Qas

OS5 Import,
[Migrate 05 projects
Central OS settings 4
'Compile Multiple OSs' Wizard 3

-

CAx Data 3

Processes interfaces and parameter assignments for devices and assigns them to each ather. v
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5. PLCSIM.TCPIP.1 is set here as the interface. (— PLCSIM.TCPIP.1 — OK)

Set PG/PC Interface x|

Access Path | LLDP /DCF | PNIO Adapter | info |

Access Poirt of the Application:
[STONLINE(STEP 7) > PLCSIM.TCPIP.1 =]

(Standard for STEP 7)

Inteface Parameter Assignment Used:
[PLCSIMTCPIP 1 Foperties.. |

BEPLCSIM MPI_intemal. 1 |
= PLCSIM. PROFIEUS.1
BEPLCSIM PROFIBUS intemal. 1

fLE:SIM'I_'EZF'If1 N - [elete
I ]

{User parameter assignment (converted])

Copiy... |

s | s
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8.6 Compiling and downloading objects

1. Now the project folder can be selected and the objects can be compiled and downloaded. (—

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

Shared Declarations A‘I _multipurpose_plant

Ctrl+Alt+0
L e
Copy ChrlHE
Paste Chrl+y,
Delete e
= InsertNew Object >
Multiproject
=8 FLC Compile and Download Objects...
Access Protection 3

El-  PCS 7 License Information...

B 5CI Shared Dedarations »

={3 Plant Hierarchy
= Process Tags
1 Modes
Plant Types
Rename F2
Object Properties... Alt+Return

r r r T
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2. In the following selection, 'Compile’ and 'Download' are selected for the hardware and the
charts of AS1. The 'Charts' folder is then selected and its settings are

checked using 'Edit'. (=[¥] - [¥] - [¥] =5 Charts — Edit)

E@Compile and Download Objects o ] 4
Selection table:
Objects Status Operating mode Compile Download
=) SCE_PCS7_Prj
=-F Ast
gy Hardware undefined
=-[# CcPU414-3DP
Blocks
=l undefined
E_ Connections undefined
=3 As2 | O
=-8 0s O O
— Settings for compilation/dawnload Update Wiew log Select objects
Edi. | Test | Status | Operating Mode Single Object Al Sekctdl | Deselectal |
[™ Upon apening [ Lpon opening
[ Compile only [V Do nat load if compilation erer iz detected Check project |
Devices connected to an enterprige network or directly to the intermet must be appropriately protected
i: against unauthorized access, e.g. by uze of firewalls and netwark zegmentation.
Far mare information about industrial security, please visit:
hittp: £ v ziemenz. comdindustrialzecurity
Start I Cloze Help |
v

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
p01-04-individual-drive-functions-v9-tud-0719-en.docx



Learn-/Training Document | PA Module P01-04, Edition 02/2020 | Digital Industries, FA

3. When compiling the charts, it is important to compile the entire program and to have the
module drivers generated. (— Scope: Entire program — Generate module drivers — S7
Download)

Compile Program / Download to Target System
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4. When downloading the charts, it is also important to download the entire program.
(— Download mode: Entire program — OK — OK))

Compile Program / Download to Target System ﬂ

Compile Charts as Program 57 Download |

CPU: CPU 414-3 DP
Program name: ASTNCPU 414-3 DPYSY Program(1)

Download mode
{*' Entire program
= Changes anly
™ Totest CPU {entire program)

¥ Include user data blocks

Show Changes

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

Read the notes in the anling help about possible effects

= Auta-archiving

Brawze for Yersian Project ..

[T Auchive project after supeessfiul dovwnlzad

pbrechen | e
Download (244:4028) x|

\ Mate that the blocks in the CPU will be deleted if vou
_h download later [e.0. in the Simatic M anager with
__ "CPU->Compile and Download Objects"].

Alzo note that the operator input fram the 05 or test mode
will be lost if the set values values are nat read back into
the affline program.
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5. Finally, 'Compile and Download' is started. The warnings and instructions regarding plant
safety should be read carefully. The CPU must be switched to 'STOP' before 'Compile and
download'. (— Start - OK — Yes)

E@Compile and Download Objects ;lglil

Selection table:

Objects Status Operating mode Compile Download

|5 Bp SCE_PCST_Pr
BRI

m] Hardware undefined

E|— CPU 414-3 DP STOP

Blocks

Charts undefined

% Connections undefined

-8 asz2
-8 05

EEEE
EXEE

OO EE
OO EE

— Settings for compilation/download Update Wiew log Select objects

Edit.. Test Status | [ OperatingMode || | Single Object &l SelectAl | Deselectall |

[~ Uponopening I Upon opering
[~ Compile anly ¥ Do nat load if compilation error iz detected Check project |

Devices connected to an enterprise network. ar directly to the internet must be appropriately protected
i‘: against unauthorized access, e.q. by uze of firewall: and network segmentation.

Far mare infarmation about industrial security, pleaze visit:
hittp: £ A, siemensz. comdindustnialsecurity

Start I Close I Help |

Compile and download objects (3280:826) x|

Downloading program changes during operation carn, in
l k the case of malfunchions or program errars, cause senous
T damange to personnel and equipment! bake sure alza that
downloading ta the individual CPUs is not done
simultaneouzly after compilation.
take zure that no dangerous situations could occur
before executing this function!

Cance_|
Compile and download objects (3280:822)

If wou want ko download changes onling, pleaze make
l k zure that the prerequisites have been met (e.g. comect
__' zeftings zelected, no previous complete compilation from
the O5].
&, complete download iz only poszible if the PLCz are not
in RN,

Do wou want to continue?

Tes | Mo I
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6. At the end, errors and warnings are displayed in a log. Close the window. (— EI)

;I Compile and Download Objects - Notepad - |EI|E|

File Edit Format View Help

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

SCE_PCS57_Prj“Asl\Hardware

-> Object was compiled without errors

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

SCE_PCS7_Prij‘\Asl1\cCPU 414-3 DP\Connections
-> Object was compiled without errors

Date: 05/09/2019 time: 09:24:29 AM

Compile:

SCE_PCS7_Prj'asli‘\CPU 414-3 DP 57 Program{l)‘“Charts
-> Object was compiled without errors

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

SCE_PC57_Prj“Asl\Hardware

-> Object was downloaded without errors

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

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

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

-> Object was downloaded without errors

4] 2
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7. If you want to view details for the log, you must click on an individual object when displaying

the log. (— Individual object — Close — Close)

WCompile and Download Objects ;Iglﬂ

Selection table:

Objects Status Operating mode Compile Download
-2 SCE_PCS7_Prj
=-ER  Ast

ﬁh Hardware compiled
E|— CPU 414-3 DP STOP
Blocks
Charts downloaded

EE Connections compiled
-8, As2
-8 05

EEEE
EXEE

OOEE
OO EE

— Settings for compilation/downlaad Update Yiew log Select objects

Edi. | Test | Staus | Operating Mode || | [ Single Dbject | Al Selctdl | Desslectall |

[~ Upon opening [ Lpon apening
[ Compile anly ¥ Do not load if compilation eror iz detected Check project |

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

Far mare information about industrial security, please wvisit:
http: £ v, zsiemens. comJdindustrialzecuriy

Start | Cloze | Help |
_ipix

Compile |Eheck consistenc_l,l' Downloadl Elock t_l,lpesl Module driverl

Fiter: | <Mo flters> =l Diefals |

Responzible user plt-admin
Compiling all charts as program A514CPU 414-3 DPVST Program(1) on 04.03.2019 171553
Generate block divers: on
Generating SCL sources: off
Set zampling times from 04.03.2019 17:15:568
Setting sampling times completed: 04.03.2019 17:15:58.
A1T 25003 Permit. Intlk02:120 1007 has a testual interconnection
A1T25003. Interock. Intk0Z:1/0 In07 has a textual interconnection
A1T 25003 Protect Intk02:120 In01 has a testual interconnection
End of code generator: 04.03.201917:16:53
L nd

it

4| | I3
[0 T | Print... | Save... |

|

Note:

— Four warnings appear here. Delete the empty OB1 and the presence of textual
interconnections. The latter arise due to unconnected I/Os of the template. These 1/0Os will be

connected in chapter P01-05.
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8.7 Testing the A1T2S003 block

1. To test the program, the CPU in S7-PLCSIM is switched to 'RUN-P"
(— S7-PLCSIM — RUN-P)

[s7-pLCSIML  AS1\CPU 414-3 DP -0l =l
File Edit WView Insert PLC Ewecute Tools Window Help

DEES [pcsurcean -] B R BB (W | BeaEEaeE=sain
BIIE| v 1| =

CloP
Cloc [ RUM
B, stop s |

Press F1 to get Help. [cPUjcP: MPI=2DP=21P=192.168.0.1

2. Before the individual blocks can be monitored in the CFC, the chart must first be switched to

test mode. (—» CFC —» 'E)

::f_.ECFC - [A1T25003 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor R001]

[ Chart Edit Insert CPU Debug Yiew Options Window Help

D&+ 2R [BE 8|5 o x =19 |x BO JaaaEmN|

- Mew Chart @(6) (2, 2)\D032xDC24V 0_5_1

BB Mew Text 0_MS Maintenance State
(-6 All blocks FbkRun
(- @SYSTEM Pcs7Diln
-y BIT_LGC Digital 3
(-4 COMPARE =
gg ESWETT "A1.72.31T25003.50+.0+" I1.3 ‘J 0— Simdn

annel
[]"'Q Drives pump outlet educt reactor RO01 feedback running| 00— SimFV_In
[+ FLIPFLOP O SubsEV_I
[]...Q Interlck = 5 M5 Relea
- @ LogicDi B (6) (R, 1)\DI32xDC24V_1 MS
[]...Q MATH_FP 0 MS Maintenance State 16#0—M5_Ext
[]...Q MATH_INT 16#0— TextRef
i I
i @ WRD_LGC (6) (R, 1)\DI32xDC24V_1 DataXchg
[]"'Q Gther blocks OMODE 11 Mode Channel 11 DataXchg
-5 57 Program(1) @(6) (R, 1)\DI32xDC24V_1 MS_Xchg

DECHG_11 Bidirectional data exchange Channel 11 ‘
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3. The blocks that are to be monitored must now be explicitly activated for monitoring. The
same then applies for individual I/Os of the block. (— pump_A1T2S003 — Watch On)
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4. For the next steps, the I/Os for the automatic control 'StartAut' and 'StopAut’ of the 'MotL'

block must be visible. 'RstOp' and 'MonDynErr' should also be made visible in case errors

occur. (— Object Properties)
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(— RstOp — Invisible —» D)

Properties - Block -- A1T25003\pump_A1T25003 x|

General 1/0s |

# |Mame 1/0 | Ty...| Va...| In... | Ad...| Fo... | Fo...| SF... | Te...| Co...| Invisible | W... | Ar... I;I
60 |Perm_En IN |BOOL|1 (1| [] (11 [] |1=... [w] []

57  |Permit IN |ST... Al..| [] | [] 71 [] |1=... [] [w]

55  |Permit.5T IN | ... 11 [] ]| [] |5ig... [w] []

58  |Permit.Value M| ... 1| [] (11 [ [value [v] [T |Mo...

68 |Prot_En IN [BOOL|1 1| [] 11 [ [1=... [v] ]

65 |Protect IN |ST... Al..| [] | [] (1| [] |o=... [] [v]

67 |Protect.ST IN | .. 1| [] (1| [ [sig... [v] (]

66 |Protect.Value N | ... 1| [] (11 [ [value [v] [ |Mo...

45  |PulseWidth IN |REAL|3.0 11 [] (7| [] |co... [w] []

263 |R_StpAct ouT |ST... 1| [] 111 [1... [v] [v]

265 |R_StpAct.5T v | e |16 =2 [T [ 11 [ |5i... [v] []

264 |R_StpAct.Value vee | wee |O <t [ || [] 1| [ |v... [v] (]

48  |Rapidstp IMN |BOOL|D 1| ] 1] f1... [v] [v] [Mo...

275 |RdyToReset OUT |[5T... 11 [] 11 [] [1... [] [w]

277 |RdyToReset.5T vee | v (18 e [ [ 11 [ |5i... [v] (]

276 |RdyToReset.Value vee | wee |O <t [ ]| [] 11 [ |v... [v] (]

272 |RdyToStart OUT |ST... (1| [] 11 [] (1. [] [v]

274 |RdyToStart.5T v | e (180 e [ ] 1| [ |si.. [v] (]

273 |RdyToStart.Value vn | . O <c.. [ || [] 71 [ | v... [w] []

50 |Rstli M |ST... 1| [] 1 [ [uim... ] v

52  |Rstli.ST IN | ... 16 = [T [ 11 [ |5i... [v] J
51 [Rsti.Value IN | ... |0 <t | [ ][] (T[] | V... M [ ]

43 |RstOp IMN |BOOL|D 1| [] (1| ] |op... ] [Ma...

308 |Run OUT |[5T... 11 [] 11 [] |1=... v []

310 |Run.S5T v | e (160 =l [ [ 11 [] |si... [w] []

309 |Run.Value e | e O e | [ ][] T[] |v... [v] [ ]

97  |RunlpCyc M [INT |3 ][] 1 [] [Mu... [w] []

83 |SampleTime N [REAL|LO [=c..| [ [] (11 [] I5a... [v] [] - |
< | e

ok | b e e | Pint | Cancel |  Hep |

(— MonDynErr — Invisible — D — OK)

SU1l |ManAcCL.ol wee | 1B, L oig. .. W

300 |ManAct.Value e | e |1 <t | [ ][] ]| [] [value [v] [ ]

18  |ManModLi IMN |ST... 1| [] 1| ] [1=... (] [w]

20 |ManModLi.5T | ... (16 = [ ] 11 [ | Si... [v] (]

19 |ManModLi,Value IN | ... <t | [ ][] HENEE [v] [ ]

14  |ManModOp IN |BOOL 1 1| [] 1| ] [1=... [w] ] [Mo...
10 |ModLiQp M |ST... 1| [] 11 [ [1=... [] [+

12 |ModliOp.ST N | . (160 (e [ ][] 1| [ |5i.. [v'] [] J
11 |ModLiOp.Value N | .. |0 <t [] ][] 1 ] ... [w] (]

253 |MonDynErr OuT |ST... 1| [] 11 [ |Fe... [+

255 |MonDynErr.5T vee | v (160 [=e ] [ (11 [ | Si... [w] [ ]

254 |MonDynErr.Value vee | wee |O <t [] ][] 1 ] ... [w'] (]

256 |MonDynStopErr OuT |ST... 1| [] 11 [ |Fe... [v] [+

258 |MonDynStopErr. ST vee | v (160 [=e ] [ (11 [ | Si... [w] [ ]

257 |MonDynStopErr.Value | ... | .. <t [] ][] 1 ] ... [w'] (]

40 |Monitor IN [BOOL|1 1| [] 11 [ [1=... [] [v] |Mo...
259 |MonStaErr OUT |ST... (1| [] (1| ] [Fe... [v] [v]

261 |MonStaErr.5T v | e (1600 | =en | [ [ 1| [ |35i.. [w'] (]

260 |MonStaErr. Value ver | wew |O <t [ ]| [] 11 [ [ V... [v] (]
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5. Next, the changeover for manual/automatic mode is made to automatic through 'AutModOp'
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==1. (- AutModOp — Properties — Value: 1 — OK)

FbkBun
PFS?DiIn OB33
Digital 3/1 pump A1T25003
BV_In Bad MotL 0B33
10— 5imOn BV_Out Motor - 3/7
0—5imFV_In OosAct 0— Startiut M5 Relea|
0— SubsFV_I M5 Req— 0— Stoplut MonDynEr|—0
+F M5_Eelea M5_Dev — 0— ModLi0p GrpErr|—0
MS b ZutModlp RdyToSta|—0
14 X| 0— ButModLi RdyToRes|—0
“" Block: MotL.pump_41T25003 07| Hentteals fazrniet)—0
0— Localli Start|—0
140 Authdod0p - IN[BOOL] L 8 1oosLi Localkct|—o
Vale: |_|| _:— StartLoc Zuthet|—0
0— StopLoca Manket|—1
I™ | Farcing active —0— FbkRun Oosket|—0
Comment: I'I =Auto Mode: Auto Mode by Operator l__ chchr
3.0—MonTisSta
10.0—MonTiDyn
)4 I Apply Cancel Help 3.0 —|MonTiDy5
0— R3atlp
Intlk02 0R32 0— Bstli
Interloc 3/3 1—Trip
In0l Out 1—| Permit
0— BypLiOl FirstIn— 1— Intlock
0—Ind2 BypRct — I—| Protect
0— BypLionz2 —F——0— 5tartChn
LND— Logic 0— FaultExt
0—ERstLi ————0— C5F
0— RatBypLi r 1—{Enkcquir

Notes:

— During testing, remember that feedback | 1.3 must be set within 10 seconds after control of
output Q 3.4 in S7-PLCSIM. If this is not done, the Pump_A1T2S003 block will shut down

and output an error.

— If there is no feedback, the pump block not only switches the actuating signal Start to 0 but
indicates by setting the 'ModDynErr' output to 1 that the pump running signal of the pump had
not arrived on time. The corresponding 1/Os must be made visible for this. To prevent
damage from repeated switch-on attempts, the pump block must be reset before another
start attempt is made. To do this, the 'RstOp' input must be briefly set to 1 and then again to
0!

Double-clicking on this input parameter of pump block pump_A1T2S003 opens the above-
displayed dialog window. First, a 1 is entered in the Value field. Then, this value is transferred
to the control system by clicking the 'Apply' button, and the error outputs are set to 0. To
return to the normal mode of functioning, 'RstOp' must be reset to the original state by

entering 0 and clicking 'Apply' once more.
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6. In the next step, the pump is started with (StartAut == 1 and StopAut

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

EL - 1=Inll

== 0) and can be
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(— StartAut — Properties — Value — Value: "1")

P;s?DiIn 0832
Digital 3/1 pump A1T25003
J PV _In Bad :Dtl. _ 0E32
01— SimOn BV_Out otor 347
o | He .. TR
0— SubsPFV_I M5 Reg— 0— Stophut MonDynEr
+ M5 _Relea M5 Dev|— 0—ModLiOp GrpErr
MS 1— AutModOp RdyToS5ta
1620—{M5_Ext 0— AutModLi RdyTcRes
1640 — TextRef 0— ManModLi WarnRct

Start

Ji Mode 00— Localli
DataXchg | 08— OosLi LocalRct
e 00— StartlLoc Dutlct
Select Structure Element | 0—| Manlict

StopLoca

Structure: =
— 1— Monitor

0— FbkRun Ooshct

Starkdut [STRUCT] "1=5tart; Start Command in Auto Mode' 50— MonTista
-Walue [BOOL] ' Yalue: O _ _ .
LT [BYTE]" Signal Status” 15480 10-0—Hos Ve
3.0—MonTiDyS
00— Rstlp
0— R3tli
1—Trip
J_ 1— Permit
Properties - Input/Qutput 1[ ock
Block: Mol purnp_A1T25003 =5
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7. If the pump running feedback was not activated in time in the PLCSIM, an error is indicated
in the 'MonDynErr' I/O. This can be acknowledged with 'RstOp' == 1.
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8.8 Checklist — step-by-step instruction

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

module on their own.

No. Description Checked
1 Symbol table complete
2 Motor_Lean present and configured in process tag types (master data
library)
3 Reactor RO01\A1T2S003 created as instance of Motor_Lean and
configured
4 Objects successfully compiled and downloaded
5 Testing of A1T2S003 successful
6 Project successfully archived

Table 4: Checklist for step-by-step instructions
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9 Testing the automation logic with the simulation
(optional)

The effort needed to manually input process states on the simulated control system is still
reasonable when testing minor functions. For more complicated sequences with multiple dynamic
process variables, the limits of what is doable are quickly reached. The use of process simulation

is recommended here.

For this course, the essential interrelationships of the process to be automated have been
modeled with the SIMIT simulation software. The model reproduces the dynamic behavior of the
pumps, valves, tanks and reactors as well as the local operator panel with main switch,
EMERGENCY OFF, switchover to local operation and the corresponding operator controls. The
dynamic processes are accelerated by a factor 5 to 50 compared to reality to keep waiting times

short.

The operator interface of the simulator is shown in Figure 5. It shows the process scheme as well
as the signal levels of controlled and measured variables on the left side. The ochre-shaded local
operator panel is shown at the top right. Below that a series of control elements is provided for

the simulation.

Using the simulator is simple — all that has to be ensured is that the assignment of the inputs and

outputs has not been changed.
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The pump control can now be checked very easily with the simulator:

1. After S7-PLCSIM the simulation program is started.

i

SIMIT 5P Demao

2. You retrieve and open the simulation program, if you have not already done so. Use the
supplied file 'p01-04-plantsim-v10-r1905-en.simarc' for this.

" SIMIT DEMO

Retrieve project

~ # Open existing project Archivename = D:\SCE-PCS-7-V9.0\files\p01-04-plantsim-v10-r1905-de.simarc
Couplings E
Create new project Target folder  C:\ProgramData\Siemens\Automation\SIMIT\8.0\DEMO\Examples
Retrieve project
Shmuiation * E # Retrieve sample project Refrieve

Automatic
model creation *

# Installed software
* Help

# User interface language

> Project view

Retrieving project X

Retrieve from trustworthy source only!

This archive may contain executable code and should be
reftrieved from trustworthy sources only.

Do you want to retrigve 'D:\SCE-PCS-7-v9.0\files\p01-04-
plantsim-v10-r1905-de.simarc'?

fes Mo
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3. Change to the project view and open the process picture.

Couplings

Simulation model

Automatic
model creation

Diagnostics &
visualization

P Project view

%

(¢

-
(]

SIEMENS
SIMIT DEMO
Getting started

Open existing project Project 'PCS7_SCE_PlantSim’ was opened successfully. Please select the next step:
Create new project
Retrieve project
Retrieve sample project
Close project

.1 Add coupling

Add chart

_'4 Generate charts

f r automatically
Installed software
Help
User interface language

Opened project:C:\ProgramData\Siemens\Automation\SIMIT\8.0\DEMO\Examples\PCS7_SCE_PlantSim1\PCS7_SCE_PlantSim.simit Y

Project navigation

<& New coupling
4= PLCSIM

~ 3 Charts
5f New chart

3| Simulationssteuerung

» | SCEAT.T1
» | SCEAT.T2
» | SCEAT.T3
» | SCEAT.T4
» | Monitoring
» | Lists
il Snapshots
I Find & replace
K Consistency check
P Start

4 Portal view

w Basic macros
i#f Random
i} Sawtooth
it} Sine
18} Square
i} Triangle

sojejdway

w User macros

i

~ Global macros
{%§ New macro

w Project macros
» PCS7_SCE_PlantSim
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4. Start the simulation of the plant in SIMIT with the P button and confirm the message

regarding limited runtime with 'OK'.

i

S| & WES e
4 Project navigation

% PCS7_SCE_PlantSim
Project manager
~ 4 Couplings
& New coupling
4= PLCSIM
~ _3 Charts
5 New chart
Prozessbild
5| Simulationsstauerung
» | SCE.AT.T1
» | SCE.AT.T2
» | SCE.AT.T3
» | SCE.AT.T4
- Monitoring
2|l Lists
il Snapshots
Wi Find & replace
(] Consistency check
P start

Project navigation

- v

Prozessbild

> 12=B

=R | 100% = & & | Tahoma
TLBO01 T1.8002 TLEO003
[ | saeml

ZROO 2.R002
#.#2°C| M M #.22°C
001 T3.8002
T4.8001
{7 Q >

SIEMENS

| Ulsbs Zx Ax —ruvd

Vor-Ort Bedienpanel [ Field Operator Control Panel

Hauptschalter NOTAUS LOKAL
Main Switch Emergency Local
T2.RO01 T2.RDO2
START STOP STATUS START STOP STATUS

Von / From T1.B001
Von / From T1.B002
Von [/ From T1.B003

Rihren [ Stir
Heizen [ Heat

Entlesren / Discharge
Spilen [ Clean

Umfillen / Decant

Legende Signalanzeigen / Key for Indicators
Ventil: Stellsignal | Gedffnet | Geschlossen

X Valve: Control Signal / Open / Closed
Mator [ Pumpe: Stellsignal / Laufmeldung
@@ Meator { Pump ¢ Control Signal / Running Indication
M Heizung: Stellsignal
Heater: Control Signal
Simulati ung / Si Control Panel
Befullen/Charge T1.8001 -~ RESET RESET 50%
Befilllen/Charge T1.8002 -~ Entleeren/Discharge T3.B001
Befilllen/Charge T1.B003 - - Entleeren/Discharge T3.B002

spaloid sjeidwey | owydess

s|eudis

4 Porial view

= Prozessbild

SIMIT DEMO x

jia

Limited runtime.

In SIMIT DEMQ, the runtime of a simulation is limited to
45 minutes.
Snapshots cannot be created nor loaded.

5. You start the simulation of the PLC in S7-PLCSIM by switching over from STOP to RUN-P.

6. As shown in Figure 5, the simulation starts with educt tanks filled 75%. Everything else is

empty. This state can be restored in the simulation control at any time with the 'RESET'
option. Die 'RESET 50%' option fills all tanks 50%.

7. For testing, the motor block is controlled as described in the previous section 0. In the

simulation, the actuating signal of the pump is illuminated green.
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8. The simulated motor startup takes about 2 seconds. Then, the motor’s running indicator

lights up green in the simulation, and the signal level for binary input | 1.3 of the control
system is set.

To open the delivery path, the valve for product tank T3.BO01 must be opened as well. This
valve will be operated using a suitable control module function in the subsequent exercise.
When the pump is switched on and the valve is open, it is possible to monitor how the

content of reactor T2.R001 is pumped into product tank T3.B001 in the simulation.

10. The simulation controls can be used to empty the product tanks and fill the educt tanks.

When the simulation control is used for the filling, the simulation first has to be disconnected

from the control system. To do so, click the button with the horizontal line (=) once. The
valve can then be opened with the button to the right of it. The actuating signal lights up
green. After approximately one second, the signal of the end-position switch for the open

position follows. After an additional 5 to 10 seconds, the first level changes are visible.

11. With 'RESET' and 'RESET 50%', the simulation can be returned to a defined state.

[l M_l M_l Vor-Ort Bedienpanel / Field Operator Control Panel
Hauptschalter NOTAUS LOKAL =
Main Switch E Emergency E Local —
T1.8001 T1.8002 T1.8003 T2.RO01 T2.R002

START STOP STATUS START STOP STATUS

Von / From T1.B001 H

Von / From T1.B002
Von / From T1.8003 | | N

Rilhren / Stir H H
Heizen | Heat H H
Entleeren / Discharge H N

Spilen [ Clean

0.0ml 0.0ml = = = =
2.R001 2.RO02 Umfiillen / Decant || H
T
20.0 °C I\/I 20.0 °C Legende Signalanzeigen [ Key for Indicators

Wentil: Stellsignal | Gedffnet | Geschlossan
Z Walve: Control Signal [ Open [ Closed

S

Mator | Pumpe: Stellsignal [ Leufmeldung
g Mator { Pump : Control Signal [ Running Indication
I\/I Heizung: Stallsignal

Heater: Control Signal

T3.B001 T3.B002

Bafiillen/Charge T1.B003

T4.B001 Simulationssteuerung / Simulation Control Panel
Befiillen/Charge T1.B001 == =] RESET RESET 50%
X Q X Befiillen/Charge T1.B002 == = Entleeren/Discharge T3.B001
[ [ =

= Entleeren/Discharge T3.8002

Figure 5: Operator interface of the process simulation
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10 Exercises

In the exercises, you apply what you learned in the theory section and in the step-by-step
instructions. The existing multiproject from the step-by-step instructions (p01-04-project-r1905-
en.zip) is to be used and expanded for this. The download of the project is stored as zip file

"Projects” on the SCE Internet for the respective module.

The 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, i.e. an analog input value, from the digitalized
value to the physical value. This task adds to your knowledge because the CFC is created
without a template but still uses blocks from the library. This CFC will be needed for the

Functional Safety chapter.

10.1 Tasks

The following tasks are geared to the step-by-step instructions. The corresponding steps of the
instructions can be used to assist with each task.

1. Insert the 'ValveLean' template in the process tag types (similar to 'Motor _Lean'). This

template is used to implement the valves.

2. An object instance of the valve template is now to be inserted in the chart folder
'‘product_tank B0O0O1' of unit T3 product_tanks and renamed to A1T3X001. Open the CFC
and also adapt the name of the 'VIVL' block. Now, close the feedback and control signals

(see Figure 7 and Table 5).

3. Download and test your implementation with the SIMIT model. The following 1/0s should be
visible for this: 'ModLiOp', 'AutModOp’, 'ManModOp', 'OpenAut’, 'CloseAut’, 'MonDynErr' and
'RstOp'.

4. To integrate the analog level sensor A1T2L001 (see Figure 7), create a new CFC in chart
folder 'reactor RO01'. Name this CFC A1T2L001 and open it. Drag the block 'Pcs7Anin'
(FB1869) from the catalog to the CFC. To do this, select the Libraries tab in the left frame
and then wuse either the search function at the very bottom or open
PCS 7 AP Library V90/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 = 0.0 and Low = 1158.0, and input value 'PV_InUni' to 1040 (for the unit ml). Connect
the 'PV_In" input of the 'Pcs7AnIn' block to the symbol for the actual level value (see Table 5)
of Reactor ROO1.
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6. Now implement the high and low level sensor of product tank BOO1. For this, create a CFC in
the chart folder 'product_tank BOO1' and name it A1T3L001. Open the chart and add the
'Pcs7Diln' block from the catalog twice (similar to exercise 5). Name one block
A1T3LO01_LSA+ and the other A1T3LOO1_LSA-. Interconnect 'PV_In' with the sensor
signals in each case (see Table 4).

7. Next, create CFCs for the main switch, the EMERGENCY OFF switch and the switch for
local operation. For this, one CFC each is created for AIH001, A1H002 and A1HO0O03 like in
task 6 in the chart folder 'Multipurpose plant' (see also Figure 6). The 'Pcs7Diln' block is

added, named, and interconnected with the respective address to 'PV_In'".

Data
Address type Comment
A1l.T3.A1T3X001.XV.C Q0.6 BOOL Open/close valve product tank
BO01 control signal
A1l.T3.A1T3X001.GO+-.0+ || 67.4 BOOL Open/close valve product tank
2 B0O01 feedback open
;- A1l.T3.A1T3X001.GO+-.0- |1 67.5 BOOL Open/close valve product tank
S B001 feedback closed
k
5 |ALT2.AI1T2LO01.LISA+.M |IW 72 WORD  |Actual level reactor ROO1
A1.T3.A1T3LO01.LSA+.SA |1 70.6 BOOL Level monitoring product tank
+ B0O01 operating point H
6
A1l.T3.A1T3LO01.LSA-.SA- |1 70.7 BOOL Level monitoring product tank
B0OO01 operating point L
A1.A1HO01.HS+-.START |10.0 BOOL Switch on multipurpose plant
A1.A1HO002.HS+-.OFF 10.1 BOOL Activate emergency off (NO
7 contact)
A1.A1HO03.HS+-.LOC 10.2 BOOL Activate local operation

Table 5: Symbols for implementing the valve control and level sensor

Local operator panel ‘

On Emergency stop Local

Figure 6: Excerpt from the local operator station
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Product tank

Figure 7: Excerpt from P&ID flowchart
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10.2 Checklist — exercise

The following checklist helps students to independently check whether all steps of the exercise
have been carefully completed and enables them to successfully complete the module on their

own.
No. Description Checked
1 Valve_Lean in process tag types
2 Product tank BO01\ A1T3X001 created, configured and tested
3 Reactor RO01\ A1T2L001 created and configured
4 Product tank BOO1\A1T3L001 created and configured

5 A1HO001, A1H002 and A1HO03 created and configured

6 Project successfully archived

Table 6: Checklist for exercises
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11 Additional information

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

firmware, under the following link:

siemens.com/sce/pcs?

Preview "Additional information"

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

SIMATIC PCS 7 Overview
SIMATIC PCS 7 Videos

Getting Started

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

WOW W W W W N
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Further Information

Siemens Automation Cooperates with Education
siemens.com/sce

Siemens SIMATIC PCS 7
siemens.com/pcs7

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

SCE Trainer Packages
siemens.com/scel/tp

SCE Contact Partners
siemens.com/sce/contact

Digital Enterprise
siemens.com/digital-enterprise

Industrie 4.0
siemens.com/future-of-manufacturing

Totally Integrated Automation (TIA)
siemens.com/tia

TIA Portal
siemens.com/tia-portal

SIMATIC Controller
siemens.com/controller

SIMATIC Technical Documentation
siemens.com/simatic-docu

Industry Online Support
support.industry.siemens.com

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