SI E M E N S Industry Automation and Drive Technologies - SCE

INDIVIDUAL DRIVE FUNCTION

OBJECTIVE

After working through this instruction module, students will be able to the following:

- Define and classify the term Individual Drive Function within the scope of object-oriented
software structuring.

- Understand the concept, the structure as well as the method of functioning of individual
drive functions

- Know typical individual drive functions as well as their implementation in PCS7.

THEORY IN SHORT

The objective of object-oriented software structuring is this: to emulate as clearly as
possible the structure of a real plant through the corresponding modularization of the user
software. To this end, at least one function block is provided for each field device type that
makes available the following: the entire control logic, necessary protection and monitoring
functions, and suitable operating and visualization options. The user program uses this
block to implement the desired performance of a machine or a process.

Motors and valves are control engineering devices that -in the sense of object-oriented
automation- also are not controlled directly, but are first modeled as function block types.
Such function block types are called Individual Drive Functions (IDF). They make
controlling, monitoring and the operating the control engineering device possible by
providing corresponding connections for actuating and control signals as well as for
parameter assignment and monitoring functions. The technical implementation of the
controller is realized 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 individual drive function.
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Figure 1: From real motor to individual drive function
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Control engineering devices can basically be operated in four different modes. The device
may be in the following state:

— Out of service

— Manual mode

— Automatic mode
— Field mode

Individual drive functions must always be in exactly one operating mode. The operating
modes listed may be of equal value, or arranged hierarchically by means of priorities. In
addition, individual drive functions provide functions that protect against device and
process errors. To this end, different locks as well as execution time monitoring for the
device and the controlled process are implemented.

Function block types -called block types in PCS- represent preassembled program
parts for processing repetitive functions. They can be inserted in CF charts and there,
as instances, they can be parameterized, wired, and adapted to the project requirements.
In this case, the block type specifies the characteristic for all instances of this type. The
PCS?7 already provides a large number of efficient and tested individual drive functions as
block types in the control engineering libraries. They respectively model a control
engineering device and make the entire control logic available. In addition, functions are
offered for:

— Operating and monitoring the individual drive function
— Controlling signals

— Monitoring and alarming

— Operating mode selection

— Locks

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

Individual drive functions make the efficient development of high performance, qualitatively
high-grade solutions possible. They model and typify repetitive functionalities. Thus, they
can be reused and centrally modified, and therefore accelerate the development process
considerably.
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THEORY

OBJECT ORIENTED SOFTWARE STRUCTURING

The objective of object-oriented software structuring consists of this: to emulate as clearly
as possible the structure of the real plant through corresponding modularization of the user
software. 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.

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

CHANNEL FUNCTIONS (DRIVERS)

As a supplement to handling the field devices through re-useable blocks, it is often
advisable the abstract IO interfacing also by means of channel blocks (drivers).
Although it is always possible to access the process image directly by means of a symbol
name or address, the possibly multiple parameters for configuring the channel have to be
set at another location. This quickly leads to programs that are not easy to follow. PCS7
offers a number of channel blocks that not only evaluate the status signals of the modules,
but also support testing and commissioning automation programs by means of simulation
modes. In the analog channel blocks corresponding to Table 1, the internal digital variables
are mapped to the physical operands and display variables by means of the parameters
VLRANGE and VHRANGE. If channel blocks are used, PCS?7 is able to generate the
needed drivers automatically. For that reason, the channel blocks are used frequently in
the templates of the PCS?7 libraries.

Table 1: Various channel blocks to encapsulate processing 1/O signals

Channel block Block Connector, Parameter | Quality of Signal
Digital output CH_DO VALUE QBAD, QUALITY
Digital input CH_DI VALUE ggﬁEI,TY
Analog output CH_AO xﬁlﬁg\ig/& RANGE, gﬁﬁfl,TY

INDIVIDUAL DRIVE FUNCTIONS

As control engineering devices, motors and valves are of central importance in factory and
process automation. There is a considerable variety of types with specific operator and
signaling characteristics on the market. In the sense of object-oriented automation, such
devices are not controlled directly, but first modeled as function block types. The device is
then always controlled indirectly, by means of an instance of the corresponding function
block type. Function blocks for motors and valves are referred to as Individual Drive
Functions (IDF). They make controlling, monitoring and operating control engineering
devices possible by providing corresponding connections for actuating and control signals
as well as for parameter assignment and monitoring functions. The technical
implementation of the controller -such as startup performance, controlling the drive, or
device monitoring- is realized by the function block instance and remains hidden from the
user. PCS7 already offers a large number of efficient and tested individual drive functions
as block types in the control engineering libraries. Table 2 summarizes the individual drive
functions of the PCS7 Standard Library [2].
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More complex individual drive functions are provided in the PCS7 Advanced Process
Library [3].

Table 2: Individual drive functions of the PCS7Standard Library

Individual Drive Usage Object

Function 9 Name
Control of motors by means of a control signal

MOTOR (on/off) and a feedback signal FB 66
Control of reversible motors

MOT_REV (clockwise/counterclockwise direction) and up to two | FB 67
feedback signals

MOT _SPED Control of two-speed motors (slow/rapid) and two FB 68

feedback signals

Operation of control valves (open/close fittings) by
VALVE means of one control signal (open/close) and two FB 73
position feedback signals (open/closed)

Control of motor-driven valves by means of two
VAL_MOT control signals and two position feedback signals FB 74
(open/closed)

SAFETY PROVISIONS

When controlling control engineering devices, various protective provisions have to be
established. Not only do the devices themselves have to be protected from errors, the
controlled process has to be taken to a safe state if there is an error, and kept there until
the error is eliminated.

It is not always possible to prevent device errors (such as cable break, axle break)
through control engineering. However, the effects can be minimized using redundancy
concepts.

Process errors (such as container overflow, dry running of a pump) should, on the other
hand, be prevented directly by the controller. To this end, corresponding locks are
implemented. If, based on the current input values the individual drive function recognizes
a dangerous process state, the controlled device it taken to a safe state (refer to chapter
'Plant Safety’). The device is retained in this mode for the duration of the dangerous state.
Usually, locks are specified using a lock matrix.

To detect a device error, the individual drive function frequently monitors the execution
time. Using certain encoder information -such as limit encoders in valves- the individual
drive function checks whether the control signals that are read out have the required effect.
If over a certain time period, the measured values contradict the control signals that are
read out, this indicates a fault. If such an execution time error is detected, an alarm is sent
to the higher level control system and the controlled device is deactivated. The device
remains inactive until the execution time error is eliminated and the alarm is acknowledged.
Often, simple binary circuit breakers are used to detect device errors.

OPERATING MODES

In general, control engineering devices are not operated exclusively automatically. From
time to time, it is necessary to handle the control manually at the control desk, or to control
the device locally; for example, for repairs. For that reason, four basic operating modes
are distinguished:
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— Out of service The device is not active

— Automatic mode The individual drive function is controlled automatically by
a higher level program

— Manual mode The individual drive function is controlled directly by the operator
by means of an operator graphic of the control system

— Field mode The operator operates the device locally; for example, by means
of an operator panel

The individual drive function must always be in exactly one operating mode. There are
several concepts as to how the operating mode switch connected with this can be
implemented safely and clearly. Basically, these concepts can be differentiated in two
ways: equality of the operating modes and an operating mode hierarchy. In the second
case, the possible operating modes are clearly prioritized in addition. A selected operating
mode is changed exactly when the device is either not active (operating mode Out of
service) or when the desired new operating mode has a higher priority than the one that is
selected.

FUNCTION BLOCK TYPES IN PCS7

In PCS7, function block types are designated as block types and represent preassembled
program parts for processing repetitive functions. They can be inserted into CF charts and
there, as instances, they can be parameterized, wired and adapted to the product
requirements.

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

The individual drive function in PCS7 models a control engineering device and makes the
entire control logic available. Figure 2 describes the basic structure of the corresponding
motor block using the individual drive function MOTOR (FB 66) as an example.

Block name ——————»  |rumpe_alTz3003
MOTOER.
Block type ——————» |moror
— LOCE QM5S_3T—
—|LOCK_ON QMON_ERR.[—
—|AUTO0_ON 0GE_ERR —
— L_EEZET QRITN [—
— M35 Q3TOP —
—|Ees wmarT— 4——— Control signal
Feedback signal ———————» —{mB_m 0C_05TAR|—
—{QC_FB_ON QMAN_AUT [—
—QC_Q3TAR
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—4UT_L
. |MONITOE
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Figure 2: Block of the individual drive function MOTOR (FB 66)

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

By means of a display area and an operating area, it is possible to operate and monitor
process values and setpoints. Operator authorization and maintenance releases can be
controlled. General and instance-specific indications provide information regarding the
device and process status.
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Controlling the Signals

Control signals can be read out either statically or pulsed. The signal status -i.e., the
quality of the control signals- 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 is able to monitor limits and if the limits are violated, generate corresponding
warnings or alarms. In addition, feedback of control signals can be monitored.

Lock Functions

The block allows for the following: simple start enable, lock without reset as well as lock
with reset. It implements a motor protection function that can switch the motor off if there is
a thermal overload. In addition, a fast stop is provided for motors that have the highest
priority in all operating modes and operating states. If there is an lock, the device is
automatically taken to a de-energized state, and thus taken to a defined safe state.

Operating Mode Selection

The operating modes introduced above: Local mode, automatic mode, manual mode and
out of service mode are available to the PCS7 for all individual drive functions. They are
prioritized descending, in the sequence listed; 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 available control (forcing
operating modes).

Picture Blocks with Different Views

For each block type, picture blocks provide the corresponding block symbol, and
depending on the application case, corresponding views. Typical picture blocks are, for
example, the block symbol itself, the parameter view of motors and valves, or the limit view
of motors.

This listing clearly indicates the complexity and the functional scope of a customary
individual drive function. The number of available input and outputs for these block types is
correspondingly large. For example, the individual drive function MOTOR (FB 66) has a
total of 53 connections. To keep the complexity of the program draft low nevertheless, we
can hide inputs or outputs that are not needed. In addition, the individual drive functions in
PCS7 use a uniform and system-wide scheme to designate the inputs and outputs.

The individual drive functions in PCS7 offer a large functional scope and guarantee
constant high quality and reliability of the algorithms used. All block types have been
tested extensively and have proven themselves industrially. This considerably shortens the
effort for developing high performance, qualitatively high grade solutions.

LITERATURE

[1]1 Seitz, M. (2008): PLCs. Hanser Fachbuchverlag (Publisher of Technical Literature)
[2] SIEMENS (2009): Process Control System PCS 7: PCS 7 Standard Library V71.

[3] SIEMENS (2009): Process Control System PCS 7: PCS 7 Advanced Process Library
V71.
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STEP BY STEP INSTRUCTIONS

TASK
As the first program in the Continuous Function Chart (CFC), we are creating a
pump motor for discharging the liquid from reactor R001. The pump motor has an output
to control the pump, and a feedback to check whether the pump is actually running.

Table 3: Assignment List

Symbol Address | Data Type | Symbol Comment

A1.T2.A1T2S003.SO+.0+ | | 6.1 BOOL Pump outlet reactor R001
feedback running

/7 usAs
b, |

i 1
\A'] T2 L{}[}’l//

L

" Tsae T TIc N

A1.T2.A1T2S003.SV.C Q 6.3 BOOL Pump outlet reactor RO01
A1T2TO01 \,S'I T2TDEJ>‘I//H
| ;

control signal
| \J/.’ TV H\‘. | ReaCtOr

L .
“\aT2mo01/ O EGR. %
) _ r- A1T2S003 /
b i

=SCE.A1.T2-R001

~SCE.A1.T2-P001 [ sV

\ A1T25003 /

Figure 3: Part of P&ID

When the program is created, a preassembled chart 'MOTOR' from a PCS7 library is
used. This chart is copied to the project’'s own master data library and adapted there.
Then, the program is loaded into the PLC simulation, and tested.
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OBJECTIVE

In this chapter, the student will learn the following:
— Symbol table; setting up and importing symbols

— Using master data libraries and process tag types

— Setting up and editing CFCs

— Compiling a project centrally and downloading it

— Testing the program using the control functions in the CFC

PROGRAMMING

1. Before we start programming the individual drive functions for the pump motor, the
symbols for the global variables are set up. To do this, we select the component view
in the SIMATIC Manager, highlight the folder 'S7 Program(1)’ and open the symbol
table by double clicking on Symbol.

(— SIMATIC Manager — View — Component view — S7 Program(1) — Symbols)

B! SIMATIC Manager - SCE_PCST_MP

File Edt Insert PLC View Options ‘Window Help

D@ 875 &% Bl a2 25 %08
- D:WProgramme\SIEMENS\STEP7As 7. [ |(B](X]

e
mbiols

E3/SCE_PCS7_MP ([Component view) -

| = =] SCE_PCS7_MP
=B SCE_PCS7_Fi
=-E SIMATIC 40001
- =-[@ cPus4-3DP
© . =7 57 Program(1]
i “-(F] Sources
£ Blacks

@ OP 4434

ﬂ SIMATIC PC Station(1)
-2 Shared Declaratiors
@ SCE_PCS7_Lib

Press F1 to get Help,

By Sources

| || 2 Mo Filter

EEE TR

PC internal {local)
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2. In the symbol table, we now specify the symbol and symbol comment for each
operand.

&2 Symbol Editor - [S7 Program(1) (Symbols) -- SCE_PCS7_Prj\SIMATIC 400(1)\CPU 414-3 pP] [ |[T)(X]

@ Symbol Table Edit Insert  Wiew Ophions  window  Help - ax
=EH & & 3 o | [al Symbols ~| % | w2
Status | Symbal / Address Data type Comment
1 AT2 A1 T25003 50+ 0+ |l 6.1 BOOL pump outlet resctor ROO1 feedback running
2 AT2.A1T25003.5W.C Q 6.3 BOOL pump outlet reactor ROD1 control signal
3 I

Press F1 to get Help,

3. If available, we can also import the content for the complete symbol table in the *.dif
format. (— Symbol Table — Import). In this case, the imported table is integrated in
the existing table.

@ S BElES Edit Imsert  View  Options  Window Help - 8 x

|E  Open... Qo Py | A2
Close Chrl+F4

ment
1 Save kvl outlet reactar ROOT feedback running
2 | — b outlet reactor ROOM contral signal
i 3 Properties...
[0t ]

Export...
Prirk. .. Chrl+P
Prink Prewview...
Page Setup...
1 SCE_PCS7_PritSIMATIC 400(1)WCPU 414-3 DPY. ..\ Symbole
2 SCE_PCST_PritSIMATIC 40001 CPU 414-3 DPY. .\ Symboale
3 SCE_PCST_PritSIMATIC 4001 WCPU 414-3 DPY. .\ Symboale
4 SCE_PCST_PritSIMATIC 4001 WCPU 414-3 DY, Symboale
Exit Alt+F4

Inserts a copy of a saved file (of a different Farmat) in the current symbol Eable,
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4. Now we select the source file in the 'Data Interchange Format(*.DIF)’

(— Symbols#03.dif — Open)

Dateiname:  [spmbals_07_e.di
D ateityp: ] Data Interchange Format [*.DIF) L] Abbrechen

5. Prior to closing, we save the completed symbol table.

(— Save —» E)

&2 symbol Editor - [S7 Program{1) (Symbols) -- SCE_PCS7_Prj\SIMATIC 400{1)\CPU 414-3 DP] =13
@ Symbol Table  Edit  Insert  Wiew Options ‘Window Help - a x

=2dl & & G| e ow | |l Symbols ~| T e

_@-:tatus Symbial Address Diata type Cn_mmerrt : : ~

1 = !8\1 AAHOOM HS+- STAR || 0o BioQL Main poweer sywitch multipurpose plant

2 A1 ATHOOZ HS+- OFF |1 041 BioOL emergency svitch OFF 8

3 A1 ATHOOI HS+- LOC || 0z BioCL local operation mode switch

4 A1.T1. A1 T1L00 LS. |l 1.0 BoOL lewel monitaring educt tank BO01 switchpaint high

5 A1.T1 . A1T1L00M LS., |I 1.4 Bl levwel montoring educt tank BO0T switchpoint low

5] A4.T1. 81713001 .50, || 1.2 BioOL pump outlet educt tank BO01 feedback running

7 A1 T1. 81T X001 G0 ] 1.3 BioOL valve inlet educt tank BOD1 feedback signal opened

g A1 T1. AT X004 GO |1 1.4 BioCL valve outlet educt tank BO01 feedback signal opened

=] A1.T1. 21T X001 .50 || 15 BoOL valve inlet educt tank BOD1 feedback signal closed

10 A1.T1 . A1T1H004.G0. . || 1.6 Bl valve outlet educt tank BO01 feediback signal closed

11 AT A1TIL00Z2 LS., |l 20 BioOL level monitaring educt tank BO02 switchpaint high

12 A T A TIL00Z LS. |l 241 BOCL lewel monitaring educt tank BOO2 switchpoint lowe

13 A1 T1. A1 T1S002.50. . (| 22 BioCL pump outlet educt tank BO02 feedback running

14 A1.T1. 21T 00250 || 23 BoOL valve inlet educt tank BO02 feedback signal opened

15 A1.T1 A1 T1H005.G0.. || 24 Bl valve outlet educt tank BO02 feediback signal opened

16 A4.T1 81T X002.50. . || 25 BioOL valve inlet educt tank BO02 feedback signal closed

17 A4 . T1. 81 T X005.G0 . || 26 BOCL valve outlet educt tank BOO2 feedback signal closed

18 A1 T AMTIL00S LS. |l 30 BioCL lewel monitaring educt tank BO03 switchpaint high b

Saves the current symbol table, [ |
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In extensive libraries, PCS7 makes a large number of completed blocks and also
preassembled charts -socalled templates- available. We want to use just such a
template. To this end, we open the PCS7 Library V71.

(— File - Open — Libraries —» PCS7 Library V71 — OK)

E SIMATIC Manager - SCE_PCS7 MP

Edit  Insert

PLC  ‘iew Options

Window  Help

Meat,

'Mesw Project’ Wizard. ..
Qpen...

Close

Chrl+M

ChrlHC

Multiproject

37 Memory Card
Memary Card File

Save bs..,

Chrl+5

Delete. .
Rearganize...
Manage...

Archive...
Retrieve, .,

Print
Page Setup. ..

1 SCE_PICS7_MP (Multiproject) --
2 SCE_PCS7_MP {Multiprojekt) -
3 SCE_PCS7_MP (Multiprojekt) -
4 5CE_PCST_MP (Multiprojekt) --

Dih...\s7profiSCE_PCST\SCE_MP
il \SCE_PCSAASCE_MP

Dl \SCE_PC_2\SCE__MP
Dth...\Done|SCE_PCSTSCE_MP

Exit

al+F4

Open Project

lUzer projects  Libraries ISa

mple projects I Multiprojects |

tame

I Storage path ~|

2 CFC Library

@2 PCS 7 AP Librae W71
@ PCS 7 APCYTO

2 PCS 7 BasisLibrary Y71
& PCS 7 Library ¥70

D:\ProgrammehSIEMENSASTERTAS Tl
D:\ProgrammenS I EMENS\STEPTAG TIiE
D:\ProgrammesSIEMENSYSTERTAS Tit—
D:\ProgrammesSIEMENSASTERFTAS Tl
D:\ProgrammenSIEMENSYSTEPTAG Tl

Sample projects:

B

Multiprojects:

i 7 Libran W71 [:sProgrammesSIEMENS
@ Redundant |0 CGP Y40 - D:\ProgrammehSIEMENSNSTERTASTIE L,
i—‘_ " K =_I i B A |_ i .._.._.....____..E._
Selected
Uzer projects:
Libraries:

Browsze. .. !

Cancel | Help
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7. To drag this template from the library into our project, we place the project next to the
library window.

(— Window — Arrange — Vertically)

B SIMATIC Manager - PCS 7 Library V71
Fil=  Edit PLC  ‘iews  Options

Mo | 89 2= | v E Mew Window

Cascade shift+F5 Arrange >
Horizonkally  Shift+F2 Arrange Icons

Insert

Iinimize Al
Close ol

Save Arrangement
Restore Arrangernent

1 3CE_PCS7_MP (Component view) -- Dy\Programmel SIEMENSSTERPT s 7profi\aCE_PCSTSCE_ MP
v 2 PiCS 7 Library ¥71 {(Component view) -- D:\Programmel SIEMENSYSTEP 7S 7libs\PCS_7 _Library V71

Arranges all open windovs in this application uniformly from left to right.
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8. In the component view of our multi-project, we highlight -in the master data library
'SCE_PCS7_Lib’- the folder 'Charts’. With the mouse, we drag the template ' MOTOR’
from the folder 'Templates’ of the PCS7 Library V71 to the folder 'Charts’. Then we
close the PCS7 Library V71.

(— SCE_PCS7_Lib — Charts —» PCS7 Library V71 — Templates - MOTOR — ﬁ)

EZ| SIMATIC Manager - PCS 7 Library V71 =13
File Edit Insert PLC Wiew Options ‘window Help
D 877 | % B bl (2 5
SCE_PCS7_MP =6 PCS 7 Library W71 [ ANAMON ~
= SCE_PCS7_Pri —-(s7] Blocks+Templates CazcadeCTRL
- 8P :
= SIMATIC 40001) Blocks [=5 DIGMOM
- [B] crU 4143DP B8 Templates DOSE
= 57 Program(1] +-[_7] Globals Deklarationen DOSE_LID
(B Sources 2% fhiG ain ched
{gH Blocks MOT_REY
- Chats MOT_SPEED
E?Mglé‘gg Stationl1] “MOTOR
[+ tatich 3
{27 Shared Declarations mggng‘ﬂ:l”_
=% SCE_PCS7_Lib =
=2 57 Pragram{1) FIDCTRL_ConPerh
T e [ FIDCTRL_DistCam)
Elocks PIDCTRL GainSch
“-{g8] Charts PIDCTRL_Override
#-{27] Shared Declarations FIDCTRL_SmithPre
[ P'v_BadSafetyLogic
RATIO
T CETRAIMT e
= i ===
Press F1 bo gek Help. i :F"(f'iﬁtérnal ﬁ'llcucal)'

A\

Note: Since we are using this template several times for controlling the motor, it is first
copied to the master data library 'SCE_PCS7_Lib’ in our multi-project.

This master data library ensures that within a project, always the same version of blocks
and chart templates (process tag types) is used.
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9. For the next steps, we return to the plant view.

(— View — Plant View)

IMATIC Manager -
ile  Edit PLC

CE_PC57 MP

Insert Options

Window  Help

* Compoanent view

qlgﬂﬁ| !
DSCE PCS? MP[

Process Object Wiew

| < Mo Filer »

IEMENS...

EEX

Process Device Plant Yiew

Process Device Metwork, Wisw

Dffline
Online

Large Icons
small Icons
List

WM, SiMaTIC  Detals

147 Shared [
= 5CE_PCST_
= - 57 Prog

Filtet...
Drefine Columns. .

Show Al Levels
Hide all Levels

~/£H Bloc

@ Cha

= e vr v Toolbar

w Skatus Bar

Update

“hanges to the Plant view.

BRI

2

10.

(—> SCE_PCS7_Lib — Templates —» MOTORS —> Cut)

In the master data library, we now cut the entire folder ' MOTORS’ from the templates.

E SIMATIC Manager - SCE_PC57 MP

File Edit Insert PLC VWiew Options

Window Help

|gw|a¢ua|ﬁll

| 5CE_PCS7_MP
#-&p SCE_PLS7_Pyj
=@ SCE_PCS7_Lib

\Programme\SIEMENS\STEP 7\s 7 proj\SCE_P...

Chrl+C
kY

Copy
Paste

Delete Deel

Insert New Object

Print

Plant Hierarchy
Process Tags
Madels

SIMATIC BATCH

Cuts the selected objects and puts them in the clipboard.

F2
Alt+Return

Renarne
Ohbiject Properties. ..

EhAE

LB
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11. The folder we copied is pasted again under Process tag types.

(— Process tag types — Paste)

_ SIMATIC Manager - SCE_PCS7_ MP
File Edit Insert PLC View Options Window Help

D |87 4 2@ | dal[o 2|2 AR

i O SCE_PCS7_MP [Plant View) -- D:\Programme\SIEMENSASTEP 7As 7 proj\SCE_P.
1= [=5) SCE_PCS7_MP |
2P SCE_PCS7_Pii
=& SCE_PCS7_Lib
{21 Shared Declarations

+ (2 Models
¥

Templates Chrl+x
MOTORS CtrHC

Delete

Insert Mew Object

Print

Flant Higrarchy
Process Tags
Models

| SIMATIC BATCH

Pastes the contents of the clipboard at the

A\

Note: Using process tags types as templates for measuring points allows us to later make
changes centrally. When the process tag types are changed, the measuring points in the
project are adjustedautomatically.
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12. If a change is to be made centrally for all process tags of the type 'MOTOR, this is
done by opening the CFC 'MOTOR’ in the master data library with a double click. (—
MOTOR)

E_ SIMATIC Manager - SCE_PCS7_MP
File Edit Insert PLC ‘iew Options ‘Window Help

D |27 % 2R | dallo =
E=/SCE_PCST_MP (Component view) -

= SCE_PCST_MP (Plant View)
&P SCE_PCS7_Pr
- SCE_PCS7_Lib
[ Shared Declarations

S| rocess bag types

Templates

Press F1 to get Help, PCinternal (local) 7

A\

Note: CFC means Continuous Function Chart and is a graphic programming language for
describing continuous processes. In the CFC, preassembled blocks are placed,
parameterized, and wired. Thus, the programmer creates an overall software structure for

controlling and regulating a machine.

Module P01_04
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13. A CFC consists of sub-charts with six partitions respectively. In the overview, all 6
partitions with their gray margin bars are displayed. On the margin bars, to the left the
coming signals are shown, and to the right the going signals of a partition. Double
clicking on a partition takes us to the partition view.

(— Overview — Double click on the first partition)

i CFC - [MOTOR -- SCE_PCS7_LibYProcess tag types\MOTORS]

Y Chart Edit Insert CPU Debug “iew Options Window Help — |8
D= & z B =g | Ggin | 9 H ®||BOI da&aqa =20
| e |
1
\A S 2
Diigplays the active chart partition in overview mode. Ad0verview 0B322 MOTOR MOTORMIUTRUT

A\

Note: Using the registers on the lower bar you can switch between sub-charts (maximum A
to Z). Here, however, initially only sub-chart A exists.
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14. In our process tag type 'MOTOR’ we want to make a change at the block 'MOTOR’. To
this end, we open its properties with a double click.( - MOTOR)

. CFC - [MOTOR -- SCE_PCS7_Lib\Process tag types\MOTORS]

[ Chart Edit Insert ©PU Debug View Options ‘Window Help =
DS sBE BB E - Gign | 9 o =% K| BOD JRRaBEDN
~

Fotov: Zingle Speed and Sinale Divecktion

o—{Lock aMss 5T
o—{Lock on Wemon_ERE|- QuUTPUT
FB_EUN o—{auto_on M aGR_ERE|— cH.DD B s
EHoDL 3 o—{L_EESET ARUN Digital | deg |
nizicar | 1-{mzs asToOR|— 164500 4FFFE—MODE AEAD
6#5001FFFF—MODE AEAD CSF ASTAET I VALUE———
VALUE a FB_ON ac_asTAR|- QUALITY
o—{VALUE ac| [ auALITY ac_FE_on Jlaman_AuT [
o—{SIN_on
o—{SIH_1
o—{LAST 0N

TIME_HQl

The feedback signal must be connected fo the UALTE inpuf
of the block FE_RUN.

The start ocutput for the motor must be connected o the
VALUE output of the OUTPUT block.

<

A AL i

Press F1 for help. A/5hest 1 0B32 MOTOR MOTORNIUTPUT

15. Since we don’t want to change the general properties such as controlling and
monitoring capability, we switch to the connections. (— Connections)

Properties - Block -- MOTORMMOTOR

General ] /0= ]

Type: MOTOR Block group:
Name: MOTOR
Comment: bdatar
Inpuits: 1 [v OCH possible
Internal identifier: FEEE
Dl Operator C and M....
Instance DB: DBES
¥ Create block icon:
Mame [header|: MOTOR
Farnily: COMTROL
I~ MES-relewant
Author: TECHMT1
To be inzerted in OB Atasks: Special properties

v OB10D [.W'arm restart]
Meszages...

¥ Read-back enabled

PFrint Cancel Help
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16. The connections are shown in a table, together with numerous settable properties. The
most important properties will be presented below. In our process tag type 'MOTOR’
we only want to delete the invisibility for ’AUT_ON_OP’. Thus, this connection is

shown in the partition. (— AUT_ON_OP — [ — OK)

Properties - Block - MOTORMMOTOR X

General 1/0s l
& |Name i |I)’III [Ty...l Yalue ||1 A |Fu... |F| S | Comment |Invisihle |Watched| Arc &
17 [aUT L N BOOLD [/ [ | [lLinkable Input for MANUALJAUT ... ]
34 (AUT_OM_OF  |IN... BOOLMode=Marual <[ ]| [] | [ ]Operator Input Mode 1=AUTG, 0. . | ] 1 O Mes
5 AUTO_ON | |BooLjo 0] O | [JA0T0 Made: 1=0M, 0=0fF O] |
15 |AUTOR_EN | (BOOL T [l OO | [JEnable: 1=Cperator may input ... | ]
3 [ALN_PRO4 [ any | 0O O | O Ausiiary valoe 4 | O
36 | AUX_PROS 1., [y | 0O O | O ausbiary value s O
37 | AUX_PROG 1., [y | 0O O | Oausbiary valoe s O
38 | AUX_PRO7 1., [y | 0O O | O ausbary valoe 7 O
39 |AUX_PROS 1., [y | 0O O | Oausbary valoe s O
40 |AUX_PRO9 .. Ty | IO O | O Ausiiary value 9 O
41 |AUX_PRID 1., LAy | IO O | [ Auwsiiary valoe 10 O
22 |BA_EN | |Bootjo [l OO | [JBakeh Enable [0 Moz
24 |[BAID | o, [1e#ooooooon [[]] [ | [Batch o [0 Moz
25 [BA_MNA [ 5T [l O | [ Bakeh Hame 0 |
8 |CoF | (BooL| M] [ | [ Control System Fault 1=External .|  []
E [ (BOOL|t Iimiimiin| | O
42 [ENG |ouT [BooLo Iimiimiin| O
29 |FAULT_OFF  |IN |BOOL|L [l O | [J1=In case of Fault: Mator OFF O
9 |FBON | (BooL| M [ | []Feedback: 1=0N O Mo 2
6 |L_RESET | |BooLo [\ OO | [Jlinksble nput RESET O |
16 |LIoR SEL | |BooLjo [I0] OO | []5elect: 1=Linking, 0=Cperator &c...| [ ]
3 Lodk | |BooLjo 00 O | [J1=tockta oFF O Mo 2
4 Lok oN | |BooLjo 0 O Ji=tockta o O [E
3;3 [MaN o M. (BooLMetor=5to0 K1 T 1 | T 10perator Inout: 1=0N, 0=0FF Il 1 'No} P

Frint Cancel | Help

Note: With a mouse click on the heading of a property, the items in this column are sorted
alphabetically <<?>>.
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17. The block ’'MOTOR’ has become larger in the partition, of course, and overlaps with the
comment field. We are solving this problem by moving either the block or the comment
field, and the block is shown again completely. (— MOTOR)

FC - [MOTOR -- SCE_PCS7_Lib\Process tag types\MOTORS]
[ Chart Edit Insert CPU Debug View Options ‘Window Help - X

D= &S| R BOE| S« | ¥ =% 52 BONMJdas | BEMN

Fotor: Zingle Zpeed and Sinale Divection

| —-)
QuUTRUT
FE_RUN CH_DO [ 5
CH_DI Digital 4
Digital || 164300 4FFFE—{MODE AEAD
64 5001FFFF—{HODE AEAD 4":‘ VALUE————
VALUE || [ QUALITY|———
o—{WALUE _ac|[ auALTTy
o—{SIM_oN
o—{sIm_1
o—{LAST _on

= feedback signal must be connecked A inpu
of the block FE_EUN.

The stavt output for the motor must be connected to the
VALUE output of the QUTPUT block.

<

[AEhAS]L] Ra

Press F1 for help. [A/5heet 1 0B32 MOTOR MOTORMIUTPUT

18. We now simply close the process tag type. Changes are saved automatically. (— E)

3 FC - [MOTOR -- SCE_PCS7_Lib\Process tag types\MOTORS]
[ cChart Edit Insert ©PU Debug Yiew Options ‘Window Help -
Schlisfien
D& &0 OB E Gign | 9 o= K BOD R T5EMIN
"~
Fotor: Tinsls Spesd and Sinsle Divection
a—|Lock ass 5T
o—Lock_ oM Wamon_ERR[—
o—auTo_on W oGk ERE ouTRUT
FE_RUN a—{L_RESET aRUM|— CH_DO TE5Z
CH_DI 7 1-hzss gsTop— Digital Ard
Disital || [ QsTART 164 500 1FFFE—MODE 4EAD
64500 1FFFF—MODE 4EAD I FE_ON ac_asTAR|— VALUE
YALUE | a | ac_FE_oH Matan_AuT AUALTTY
B~ WALUE_ac|[ auALITY
ST _OK
a—{sim_1
a—{LAST _on HONI T OF
The fe=dback sisnal must Bz connected %o the UALUE Input
of the black FB_RUN.
The start output for the motor must be comnected to the
VALUE sutput of the OUTPUT black.
¥
hA/L | I
Presz F1 for help. AdSheet 1 0B32 MOTOR MOTORMOUTPUT
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19. To use the process tag type 'MOTOR’, we move it directly to the chart folder
'’A1T2S003. (—» MOTOR — A1T2S003)

£ SIMATIC Manager - SCE_PCS7_MP
F|Ie Edlt Insert PLC  Wiew Optlnns Window  Help

gﬂ e c.ﬂl .

=] - SCE_PCSY_ MP
=& SCE_PLST_Fi
+-[_] Shared Declarations

= T4:rinsing
=& SCE_PCS7_Lib
+-{_] Shared Declarations

+ (2] Models
= (2] Process tag types il
‘(B MOTORS v
'Insert CFC'; was executed successfully For 1 of 1 objects, | ' |PC inkernal {lacal)

20. The chart is now named like the chart folder and opened with a double click.

(— A1T2S003 — A1T2S003)

| SIMATIC Manager - SCE_PCSYT MP
FI|E Edlt Insert PLC ‘v'|ew Options  Window  Help

ST Ao |

I-{ SCE_PCSY_MP &
=& SCE_PCST_Prj
+ D Shared Declarations

T1_educt_tanks
T2 _reaction

T2_product_tanks
- [B] T4 rinzing
= SI:E PCS? Lib
[#-{_7] Shared Daclarations

Status: 12/2010

+ @ todels
= Process tag bypes il
: MOTORS ~
Press F1 ko get Help, | i PC internal {local)
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21. A double click opens the properties of the block 'MOTOR’.
(= MOTOR)

. CFC - [A1T2S003 -- SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\A1T25003]

[ chart Edit Insert CPU Debug Yiew Options ‘Window Help - 8%
DE&| & 20| DO E 4| eidm | 9 s =08 KBIBON KR BEDOIN |

Fotov: Single Zpeed and Zingle Divection |

@—LOCK_OM AMOM_ERF

B—AUTO_OM l AGE_ERR[— QuUTPUT
_ @—L_RESET ARUN— CH_DO T
1-{tss AsToR— Diaital 14
igi 2 1 CEF A5TAE 16#3001FFFE—MODE AEBRD
16#E001FFFF—MODE QER | FE_OM ac_9sTH MALUE—

1]
VALUE a | GC_FE_ONMamAN_AUT — AUALITY
O—UALUE_dC HUALITY AC_AETAE
@—{SIM_0On a—

O—ZIM_I @—
O LAST 0O On |MOMITOE

Manual

The feedback =ianal must be connected Eo the TALTE input
of the block FE_EUM.

The stavt output for the motor must be connected to the
VALUE output of the OUTPUT block.

<

A/l ,

Press F1 for help. A/5heet 1 0B32 41725003 A1T2500380UTPUT

22. Under Properties/General, we change the name of the block.

(= pump_A1T2S003 —> OK)

Properties - Block -- A1T25003\WMOTOR

General luns ]

Type: MOTOR Block group:
Name: | pump_a1T25003
Camment: b atar
Inpuits: 41 IV DOCM possible
Internal identifier: FBEE
MnE IEenier Operator C and k...
Instance DB: DBES
¥ Create block icor:
Mame [header]: MOTOR |
Family: COMTROL
[~ MES-relevant
Author: TECHMT1
To be inserted in OB Aasks: Special properties

v OB100 I[Warrn restar-t]
Messages...

¥ Fead-back enabled

Print Cancel Help
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23. Now, we change the time for feedback monitoring of the motor block to 10.0 seconds.
To this end, we open the property dialog for the input 'TIME_MON’ with a double click.

(- TIME_MON-> 10.0 — OK)

B h

D= Properties - Input/Output
~
Mew Chart Black:: MOTOR. pump_41725003 3
| Mew Text

4 @ Allblocks 1/0: TIME_MON - IN[REAL)

+- @@y BIT_GC

+ @ COMPARE Walue i

+- @@ CONTROL

+- 4y CONVERT [~ Irvvizible

+- @@ DRIVER

+. @y FLIPFLOP I Watched

v )y MATH_FP

= Q - Comment: {Monitoring Time for OM [2]

+- 4y MATH_INT

- Q MULTIPLX |dentifier: ]Mon. Time Unit: 3 -
+- 4y SHIFT

Fotov: Single tpeed and Fin:

pump_A4T 25003

£l Q@ WRD_LGC Archive: iNo archiving - 0T ok
+- Q Other blocks Motor
[*-[gH 57 Programil o—{Lock amMss ST
? ( ) @—LOCK_0OM AMoM_ERE[—
@— AUTO_Ok AGE _ERE—
Force Process Dbject View B—L_RESET ARUN—
1-{MES A3T0P—
]— £ L SETIELS p Farameter CSF ASTRARET [—
FE_ON ac_8STAR|—
I~ Fore SCVE [~ Signal uc_FE_0OM| [ahAn_AUT |-
Ac_AsTAR
Force wvalue: | g: :ﬁp[sn
= fai B ch I~ MES-relevant o [
'_ RO T THIE _fi Ok
| Manual E!lm@m
. e oK L. | Hel Eack sianal must be connected o Ehe op
I Find initial letter - e Elp Tack FR EIN :
Press F1 for help. [4/5heet 1 [DB32 A1T25003 A1T25003%0UTPUT

24. Next, we wire the feedback to the input operand. This is done by right clicking on the
input 'VALUE’ at the CH_DI block. Then, we select the wiring to the operand.

(— VALUE — Interconnection to Address)

5. CFC - [A1T25003 -- SCE_PCST_Prj\SCE_factory\A1_multipurpose_plantiT2_reaction\A1T25003]
[ Chart Edit Insert CPU Debug Yiew Options ‘Window Help L

DES 4B DDA - Gl 9 s ® BARN QR BREM K|

Fotov: Zingle ipeed and Single Divectio

pump_A4T 25003
MOTOR

Motor

B LOCK Qmss ST
- LOCK_0n amoM_ERE
O—AUTO_On AGE_ERE
@—L_RESET ARUN
1-{MEs ASTOP

CEF AZTAET —l
[ FE_ON ac_8sTAR—

164300 4FFFF
7 vun C_FE_ON]| [aMAN_AUT |-
a— C_ASTAR
= Textual Interconnection LOFLZEL
o—{sIn_1 uT_L

@—{LAST _OF ). IONITOR

===—==  Delete Interconnection{s) Del THE _Mon

) - UT_0OM_0

Ohbject Properties. .. Alt+Return

T = connectad o the VALUE inpu

of the block FE_RUM.
The stavt cutput for tha mokoy must be connactad to thae
MALUE output of the OUTPUT bBlock.

| £

A/l | i

Press F1 for help. |&/5heet 1 [0B32 41725003 A1T25003/0UTPUT
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Note: Like the CH-DO, the CH-DI block is a driver block for interfacing the PLC’s 10. If at
one of these blocks the VALUE is wired to an operand that is also configured in the
hardware configuration, the input MODE is later supplied automatically with data during the
compilation run.

For this to happen, we have to select 'Generate module driver’ during the compilation run.

25. We can then conveniently select the operand directly from the symbol table. (—
A1.T2.A1T2S003.S0+.0+)

5.crc. ipurpose_pl [- [BIx]
[
D& e DB B & 6% gin | g oy 2 BOh -aa mBm(s
~
Fotor: Zingle Speed and Zingle Divectio
pump _R1T 25003
MOTOF
fotor i
O LOCK Amss ST
O—LOCK_0M oM _ERE[—
O—AUTO_0M AGE _ERE[—
O—L_EESET AFUN —
CH_DI 1—MES Q3T0P—
Digital CEF ASTART —l
16#53001FFFF. QEBAD FE_OM ac_8iTAR—
7 o e = [ e o
o—"A1,T2.A1T25003.50+.0+"
o= BlanTz.aitesooe.sy.c BOOL Q6.2
o— SN o e
@AI.TZ.AITZSDDS.SV.C BOOL O 6.3 pump outlet reactor ROOL contr
@ AL TZ A1T25004,504, 04 BOOL I 10,1 pump outlet reactor ROOZ Feed|
@AI.TZ.AITZSDD‘I.SV.C BOOL O 6.4 pump outlet reactor ROOZ contr
@AI.TZ.AITZTDDI.TV.S BOOL O 4.0 temperature reackor RO01 conk
@ A1.T2.A1T2T002,TV.S BOOL O 6.5 temperature reactor RODZ cont .,
=Y :
< | 2ty
\LYAIKE i
Press F1 for help. [A/5heet 1 DB32 A1T25003 A1T25003\0UTPUT
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26. We now wire the control of the output operand. This is done by right-clicking on the
input 'VALUE’ at the CH_DO block. We then select Interconnection to Address.

(— VALUE — Interconnection to Address)

FC - [A1T25003 -- SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plant}T2_reaction\A1T25003]

[ Chart Edit Insert CPU Debug Yiew Options ‘Window Help - | 84X
0= & B e E & ham| 9o e [ B0 A RQ BmEMDIN
A
==d and Sinsle DivecHon |
QUTPUT
164500 4FFFE
Interconnection to Address. .. talfoutputy
Inkerconneckion ko Runkime Group, ..
Delete Interconnection(s) Del
Ohject Properties. .. Alb+Return
Eet=d €5 the UALUE fmpu®
ust be connaected to the
s
AL ]
Press F1 for help. A/Shest1  [DB32 A1T25003 A1T25003\0UTPUT

27. Again we can conveniently select the operand directly from the symbol table. (—
A1.T2.A1T2S003.SV.C)

BEE

he & BEBEE#A % | 9 oo oy ¥ EOl deaa mEMN
A
AGE_ERR|— QUTPUT
GRUN|— CH_DO
ASTOR— Digital | dsd |
aSTART 16#5004FFFE—{MODE AEAD
C_ASTAR|— P -
AN _AUT — “A1.T2.A1T25003.5V.C"
@ A1.T2,A1T25002,5%,C BOOL O 6.2 stirrer reactor RO01 contral sigr # | —
@AI.TZ.AITZSDDS SO4.04 BOOL I Al pump outlet reactor RO01 feedl ||
Q) 6,3 pump outlet reackor ROOL conk
@ A1.T2.A1T25004, 50+, 0+ BOOL I 10.1 pump outlet reactor RO0Z feedl ||
Ect=d to The UALUE Input @AI.TZ.AITZSDD‘LSV.C BOOL O 6.4 pump outlet reactor RO0Z contr — —
P o) @AI.TZ.AITZTDDI.TV.S BOOL Q4.0 temperature reactor ROD1cont | |
@ AL TZAITZTODZ.TY.S EOOL Q 6.5 temperature reactor RO0Z cont .
=3 -
hL 2
[ M
ADRA/L :
Fress F1 for help. AfSheet 1 0B32 41725003 41T2500380UTPUT
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28. But before we compile and download the program for the pump motor, we have to start
|
the PLC simulation S7 PLCSIM. (— !)

_ SIMATIC Manager - SCE_PCST_MP
File Edit Insert PLC ‘iew Options ‘Window Help

D@ 276 | & B2 [om ([0 2= |2]F 5 [<NaFiter> -1 % @ B

|=&] SCE_PCS7_MP
& SCE_PCST Py
#-[27] Shared Declarations

T1_educt_tanks
T2_reaction

A1TZ4003

T3 product_tanks
i T4 rinsing
= SCE_PCST_Lib

(1] Shared Declarations
o AT bl

Turns the simulation of all modules onfoff, -

29. The PLC simulation behaves like an actual 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)

Tl S7-PLCSIMI
File Edit

Window  Help

S B ER R

iew

CQutput Yariable F3

Bit Mermary F4

Timer F11
F1z

Counter

GEneric Ctrl+F2
Wertical Bits

MRES

Shaows an Input Yatiable, Default: MPI=2 DP=2 Local=2 IP=192,165.C 4]

; P I
File Edit View PLC Execute Tools Window Help

0@ S oo varisble  F2 | @!%E"ﬁllﬂ

Bit Mermory

Timer Fi1
Counter F1z

GEnEric Chrl+F2
Wertical Bits

[~ RUN 265 4
RUN
STOR v STOP MHES' B

Shows an Qukput Yariable, \Defaulk: MPI=2 DP=Z Local=2 IP=192.168.0 /|
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30. Now we have to enter the correct byte addresses. — EB6 — ABG)

1k ST-PLCSIM1
File Edit Wiew Insert PLC Execute  Toaols  Window  Help

D=EE @_I PLCSMTCPAP]  ~|| & B2 B By B 4 K2
mEE@EaEa aaa
J_|:| HR| n +1 | o

6= 0X = o C)0X

|0 & |Bits ]

P B

Press F1 ta get Help. Default: MPI=2 DP=2 Local=2 IP=192,168.0 -

31. To download from the SIMATIC Manager into the S7 PLCSIM via the correct
interface, we are correctly setting the PG/PC interface.

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

, SIMATIC Manager - SCE_PCS7_MP
File Edit Insert PLC Wiew BEEdEES Window Help
DS |8 a| b B Costomes.. CUbAHE | o Fiter >

Access Pratection

£ SCE_PCS7_MP (Plant RGNy projisCE_pes7isc.... [= |[B]fX]

[ = =l SCE_PCS7_MP Test Libraries
= &P 5CE_PCST_Prj Language far Display Devices. .
1] Shared Declara Manage Multilingual Texts
SCE_factory

Reference Data
Define Global Data

Configure Netwark,

Sirnlake Modules

SIMATIC PDM

Configure Process Diagnostics

i PiZ5 7 license information. ..
¥
=@ SCE_PCS7_Lib Charts

- Shared Declara
pei E AT Shared Declarations

Plant Hierarchy
Process Objects

Processes inkerfaces and parame ,
.3
Process Objects (Onling) 3
.4
.3

other, A

Process Tags
Models

SIMATIC BATCH

05 4

Q5 Import, .

‘Compile Multiple ©5s" Wizard 3

Cax Daka »

Set PG/PC Interface. ..
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32. As interface, we are setting here PLCSIM(TCP/IP). (— PLCSIM(TCP/IP) — OK)

Industry Automation and Drive Technologies - SCE

S5et PG/PLC Interface |E|

Access Path | LLDF |

Access Point of the Application:
STOMLIME  ISTERP 7 = PLCSIMITCE/AR]

[Standard for STEP 7)

Interface Parameter dzzignment Used:

PLESIMTCP/IF)

Froperties..

B PLCS IMIMP

B PLCSIMIPROFIBUS)
PLCSIMIRFC 1006]
B PLCSIMITCRAR)

< I |

3

Copy..

%

[relete

2

[&zzigning Parameters for a virtual dummy
device which i simulated by PLCSIM for
TCP-IR]

Interfaces

Add/Remove: [ Select... ]

ok ]

[ Cancel ][ Help ]

33. In the plant view, we can now highlight the project folder and start compiling and
downloading the objects.

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

_ SIMATIC Manager - SCE_PCS57 MP
File Edit Insert PLC View Options ‘Window Help

D o |82 & 4 =EE

@ [da][o %
CE_PCS57_MP (Plant View) -- D:\Programme\SIEMENS\STEP M\s 7 proj\SCE_PCST\S

hared Declarations

SCE_facton
&1_mul

Insert Mew Object
Multiproject

PLC Compile and Download Ohje

PiCS 7 license infarmation. ..

Shared Declarations

Plant Hierarchy

3

[+ T4

Process Tags
Models

=@ SCE_PCST_LiE

[[7 Shared Ded
o N e (o Iy |

SIMATIC BATCH

Renarne
Object Properties. ..

Fz
Ale+Return

Compilesfdownloads the objects to be selected under the highlighted objects,
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34. In the following selection, 'Compile and Download’ is selected for the hardware and the
charts. Then the folder 'Charts’ is highlighted and its settings are checked. (— ¥ —
— ¥ - Charts — Edit)

i¥ Compile and Download Objects
Selection table:
Ohjects | Status | Operating Mode Compile Dovenlozd
1 By ScEPCS7 Pr
- SMATIC 90001)
iy Harchwars undefined =
=-[@ cPuH4EDR STOR
Blocks:
Charts undefined
| Connections undefined =)
-8B SIMATIC PC Stationt1) O O
Settings for Compilation/D ownload Update 7 Wiew Log ~ Select Objects -
Edit... Test Status Operating Mode Single Object £l Select All Deszelect All
™ Status during Open
I Compile anly ¥ Do not load if compilation smor is detectzd
Start Close Help

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

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

item E

Compile P Lownload

Compile Chartz a2 Program I 57 Download ]

CPL: CPU 414-3DP
Frogram name: SIMATIC 40001 sCPU 414-3 DPAST Program(1]
~ Scope

{+ Entire program
= Che

v Generate module drivers Block Driver Sethings...

[ Generate SCL source

QK Abbrechen Hilfe
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36. Likewise, it is important to have the entire program downloaded when downloading the
charts. (— Entire program — OK — OK)

Compile Program / Download to Target System E|

Compile Charts as Program 57 Download ]

CPU: CPU 414-3DP
Frogram name; SIMATIC 40001 NCPU 414-3 DPAST Program(1)

Download mode
* Eptire program
o

7 Tatest CPU [entire program)

7

Before dowr:uloading the entire prugram,.the CPU iz zet ta 5TAP and all blocks are
deleted. Do vou want to download the 57 pragram?

Fiead the notes in the online help about possible effects

Abbrechen ] Hilfe

Download (244:4028)

VA

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

Alzo note that the operator input from the 05 or test mode
will be lost if the zet values walugs are nat read back into
the offline program.
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37. Now, we can start '‘Compile and Download’. The warnings and notes about plant safety
should be read carefully. Prior to 'Compile and Download’ the CPU has to be switched
to the 'STOP’ mode. (— Start > OK — Yes)

ey Compile and Download Objects
Selection table
Ohjects Status Opersting Mode Compile Dowenload
i B SCE_PCsT P
SHE SIMATIC 400(1)
Hardware undefined
=-[] cPU414-30F STOR
Blocks
Charts undefined
§] Connections undefined
-8 SMATIC PC Station(1) O O
Settings for Compilation/Diawnload Update Wiew Lag Select Objects
Edit. Test Status Operating Mode Single Object 3 Select All Diecelect All
™ Status during Open
™ Compile anly W Donot load if compilation erar is detected

Compile and Download Objects (3280:826) [5__<|

'j Downloading program chanages during operation can, in
! the caze of malfunctions or program errors, cause serous
damage to personnel and equipment! kake sure alzo that
downloading to the individual CPUs iz not done
simultaneouzly after compilation.
take sure that no dangerous situations could occur
before executing thiz function!

Cancel

Compile and Download Objects (3280:822)

If wou want to download changes: online, pleaze make

! :" zure that the prerequisites have been met [e.g. correct
zettings selected, no previous complete compilation from
the 05].
A complete download iz only pozzible if the PLCz are not
i RLIM.

Do pou want to continue?

| ]
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38. Finally, errors and warnings are displayed in a view log. We are closing the window. (

— kald)

I Compile and Download Objects - Editor

|

Cate: 127032010 +time: 04:07:15 PM
Compile:

SCE_PCS7_Pri“wsIMATIC 40001 %Hardware
-» COhject was compiled without errors

Cate: 127032010 +time: 04:07:20 PM

Compile:

SCE_PCS7_Pri“WsSIMATIC 400010%CPU 414-3 DPNConnections
-» COhject was compiled without errors

Cate: 127032010 time: 04:07:23 PM

Compile:

SCE_PCS7_Pri“%SIMATIC 400010%CPU 414-3 DPNST Program(l)hCharts
-» Ohject compilation was executed (with warnings)

refer to the log for the single ohjects for more information.

Cate: 127032010 time: 04:10:10 PM
Download:

SCE_PCS7_Pri®wsSIMATIC 400¢10%Hardware

-» COhject was downloaded without errors

Cate: 127032010 +time: 04:10:11 PM

Download:

SCE_PCS7_Pri“wsSIMATIC 400010%CPU 414-3 DPNConnections
-» COhject was downloaded without errors

Cate: 127032010 +time: 04:10:11 PM

Down load:

SCE_PCS7_Pri“%SIMATIC 400010%CPU 414-3 DPNST Program(l)sCharts
-» COhject was downloaded without errors
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39. If you want to view details of the view log, click on ’Single Object’. ( — Single Object —
Close — Close)

Selection table:

Ohjects
= Bp scE pos7 P
S SMATIC 90001)
ﬁ Hardware
o [@ cPuHasoR
Blocks
Charts
EE Connections

-8 SIMATIC PC Station(1)

| Status

downloade

dlownloacls

downnloade

Compile l Check consislencyi Downloadl Block lypesi todule dli\r’eli

Filter: <Ma filter>

-

Fiesponsible uzer: Heinz Mahlik,
Compiling all chaits as program SIMATIC 400(1)\CPU 414-3 DPYST Program(1] on 03.12.20010 16:07:37
Generate block drivers: on
Generating SCL sources: off
The "Generate Module Driver'' function found 1 warnings.
Set zampling times from 03.12.2010 16:08:29
Setting sampling times completed: 03.12.2010 16:08:23.
The empty OB at the beginning was deleted. It will be created again if it is included in autamatic blac!
Invalid interconnection at &1T25003.0UTPUT MALUE: Symbol "digital output' does not have an add
End of code generator, 2010 16:09.57
0 erors) I '

4

Close

Help

1~ Setlings for Enmpi\alinnfannIDad-—-‘ - Update 9 ~Wiew Log - Select Objects
| | |
Edit.. Test ! \ Status Operating Mode ] Single Dbject Al | Select Al ] Deselect &l I
| | |
‘ [~ Status during Open |
I~ Compile orly ¥ Do not load if compilation emor is detected

Start Close

Help !

Note: Here, only the warning is displayed that the system cleared the empty OB1.

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

il S 7-PLCSIMA

File Edit Wiew Insert PLC Execute Tools

] OEHS | PLCSIMITCPAIP) :__!I

indow  Help

SR (BB

SIMATIC 400{1 )\CPL 414-3 DP

leEmznaa aaa

|
I O A

(e &

7 B
[

| Bits

CIRUN

CISToP [~ 57T0P

MRES

L el
il

|

Press F1 ta get Help,

ECPU,I'CP: MPI=2 DP=z2 IP=192.165.0.1
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41. Before we can monitor the individL_JaI blocks in the CFC, the chart has to be switched to

the test mode first. (- CFC — . )

i5. CFC - [A1T25003 -- SCE_PCS7_Prj\SCE_factoryM1_multipurpose_plant\T2_reaction\A1T25003]
[ Chart Edit Insert CPU Debug Yiew Options ‘Window Help = E

@& =8 MBS 2| ed| 9ax==xB0OM Ja 2EM K

Test Mode (onfoff) X

Fotov: Zingle Speed and Zinale Divection

pump_R1T 250035
OF

ot
ot oy
o—LOcK amss ST
O—{LOCK_OM | |amon_ERE—
@—AUTO_OM GGk _ERR|— OUTRUT
FE_RUN O—{L_EESET AUk [~ CH_DO
CH_DI 1HEs AsTOR— Digital |
Digital CSF BSTART 46#5004FFFE—{MODE GEAD
164 50@1FFFF—{MODE 4EAD I FE_ON ac_AsTAR{— VALUE
UALUE | a I ac_FB_oM | [anAr_AUT [— AUALITY
o—{vaLUE ac|| auALITY 0C_QSTAR
@—|SIh_on o—{LI0P_SEL
B—[SIM_1 B AUT _L
B—|LAST _oM On |HOMITOR
40 .8 [TIME_WoN
WManual [AUT_ON_0

The feedback zignal must be connected fo the UALUE inpuf
of the block FE_EUN.
The =tnvt anbruk far the motnr most he camnactkad fo the

LAY | 2l

Togales between test and edit mode. |&/5heet 1 |0B32 41725003 A1T2500/0UTPUT

|i£

42. We still can’t do any monitoring unless the individual blocks are explicitly set for
monitoring.

(— Pump_A1T2S003 — Watch On)
ﬁcn: - [A1T25003 -- SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\A1T25003 ONLINE] g@g|
— | &l

[ chart Edit Insert CPU Debug “iew Options ‘Window Help
@& & =28 | bhEBE Bl N o o S H BOD Jdeas mEMe
A
Fotov: Tinale Spead and Single Divection |
o—Lock amss 57—
o—{Lock_od [atioN_ERR[—
B AUTO_OM 8GR _ERR[— OUTFUT
FE_RUN o—{L_RESET ARUN|— CH_DD —E
CH_DI 1-{mzs 43T0R D 3ital 3& |
Diaital 3 AsTART 164500 4F FFE—{MODE AEAD
MODE AEAD I FE_OM aC_ASTAR|— VALUE
VALUE a I ac_FE_ot Manan_AUT - AUALTTY
O—{WALUE_ac|| auALITY
O—|SIh_0OM o
= Chrl4+-C
o—sIm_1 o]
o—{LAST 0N on [MONITOR
16.@
Manual
Predecessor for Insertion Position  Shift+F11
The Teedback sienal must b= connec i
of the block FE_RUN. (G0 ko Insert Position
The start outpu® for the motor musi
VALUE sutput of the OUTPUT block. Object Properties. .. AleReburn
»
[ YA RN
Press F1 for help. AfSheet 1
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43. To switch on the pump motor from the CFC, we first have to set a few inputs. These
are, in the following sequence:

To activate the wiring and passivating the operation in WinCC

LIOP_SEL ==

Wiring for manual/automatic mode to automatic
AUT_L ==

Switching to automatic mode
AUTO_ON ==

(- LIOP_SEL - 1 — OK - AUT_L - 1 — OK — AUTO_ON — 1 — OK)

ECFC - [A1T25003 -- SCE_PCS7_Prj\SCE_factory\A1_multipurpose_plant\T2_reaction\A1T25003 ONLINE]
— — — — —

=

[ Chart Edit Insert CPU Debug View Options ‘Window Help L x
= b oo ; 3 |[ i
D& «bE BB E 6l ol || W e = BEON Jdeaa mEMk
A
Fotor: Sinale Spesd and Single Divection |
o—{Lack amss 571
B—LOCK_OM amon_ERE 0
o—auTo oW M Gck_ERE[® QUTRUT
FE_REUN O—L_RESET AEUN |3 CH_DO 7 37|
GH_DI 1nss GSTOR1 Digital :
Di3ital C3F ASTART - 464500 1F FFE—{MODE 4EAD
MODE 9EBAD I FE_ON aC_BSTAR|— VALUE——
VALUE | a I ac_FE_on fatAn_AuT - AUALTTY
B—VALUE_ac | QUALITY AC_QSTAR
o—{SI_oN o—{LT0F_SEL
o—sIm_1 o—{AuT_L
o i
Manual [AUT_oN IUN'BOOL
The feedback zisnal must Be |Seleck: 1=Linking, O=Cperator Active
of the block FE_RUN.
The start cutpuk for the motor must be connected to the
VALUE sutput of the OUTRUT black.
v
A/l »
Frezs F1 for help. 1A4Sheet 1

Properties - Input/Output

Block::
|40

Walue

Comment:

=]

MOTOR. pump_&1T25003
LIOP_SEL - IN[BOOL]

|1
[5F e

|Se|ect: 1=Linking, 0=0perator Active

Apply Cancel Help
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44. We can now watch the process as well as the reaction of the plant in the CFC and in
the S7 PLCSIM.

ES2 CFC - [A1T25003 - SCE_PCST_Pr\SCE_factory\W1_multipurpose_plant\T2_reaction\a1125003 ... (4 (=] 1 ol rey 0 =)

~ . og Execute Tools  Window
D& & 2 BB B & ;

File Edit View Insert PLC

Help
W & E BOD Jes mEM
i e e i o 0 |
g o i
Fotor: Tinale Spe=d and Sinsls Divection
pump_A11230035
ERROR Mot o
o otor W]
o—|LOCE amss sTHe 2
o—{LOCK_0M_| [amon_ERE [0 ~ RUM
1—{AUTo_oN || a6k ERE[-
FB_RUN ©—L_RESET aRUN |1 %??gp [~ STOF MRES
CH_DT A—mMss AsTQp 0 igd A £
Disital |0 CEF ASTART 1 AB#5004FFFE—{MODE GERD— #
I FE_ON aC_asTAR|— VALUE|—
—{4ALUE T ac_FE_on| [amAn_AUT -1 RUALTTY|—
O—|WALUE _ac|[ GuALITY ac_AsTAR
B[ STH_oN 4-[Crop_sEL
a—sIn_1 a—{Aur_L
@—{LAST 0N on [HONITOR
19.0 |TIME_HON
Manual [AUT oW 0

The feedbach signal must b= conneckad £e the UALUE Imput
of the block FE_RUM.

The stavt cutput for the motor must be commected to the
VALUE output of the OUTFUT block.

A/l i

Press F1 for help. AlSheet 1

Note: For testing, it should not be omitted to set the feedback | 6.1 within 10 seconds after
activating the output Q 6.3 in S7 PLCSIM. If this is not done, the block switches off
Pump_A1T2S003 and reads out an error.

Note: If there is no feedback, the pump block not only switches the actuator signal
QSTART to 0, but by setting the output QMON_ERR to 1 also indicates that the running
indication of the pump did not arrive in time. To prevent damage through repeated attempts
to switch it on, the pump block has to be reset first before making another attempt.

To this end, we have to set the input L_RESET briefly to 1 and then to 0 again!

By double clicking on this input parameter of pump block Pump_A1T2S003 the following
dialog is displayed. In the field Value, we first enter a 1, then transfer this value to the
control system by clicking on ’Apply’ and set the error outputs to 0. To return to the normal
method of functioning, L_RESET is reset to the original state by entering 0 and once more
clicking on Apply’.

Properties - InputfOutput [g]
Block:: MOTOR. pump_&1T 25003
140 L_RESET - IMBOOL)
Yalue I‘H—
r I
Comment: |Linkable Input RESET
,Tl Apply Cancel Help
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Note: If AUTO_ON is still set to 1 when resetting L_RESET, the block immediately sets the
QSTART signal again — and if there is no run feedback, switches it off again!

TESTING THE AUTOMATION LoGICc WITH THE SIMULATION

The manual input of process states to the simulated control system is possible with
justifiable effort for testing smaller functions. In the case of more involved sequences with
several dynamic process variables, the limits of what is feasible are quickly reached. Here,
using a process simulation is advisable.

For that reason, the essential relationships of the process that we are automating here
were mapped with the simulation software SIMIT for this course. The model maps the
following: the dynamic behavior of the pumps, valves, containers, reactors as well as the
local operator panel with main switch, emergency off, switchover to local field operation
and the corresponding control elements. In comparison to reality, the dynamic processes
are accelerated by a factor of 5 to 50 in order to keep waiting time short.

The interface of the simulator is shown in Figure 4. On the left, it shows the process
scheme as well as the signal levels of the controller output and the measured quantity. To
the right on top, the ochre-colored field operator control panel is shown, below it a number
of control elements for the simulation.

'SIMIT SCE-PA Demo. -ox
[ D_(]_l D-<]—| Vor-Ort Bedienpanel / Field Operator Control Panel
Hauptschalter = NOTAUS E LOKaAL
Main Switch — Emergency —
T1.B001 TL.B002 T1.B003 T2.R001 T2.RO02
START STOP STATUS START STOP STATUS

Von / From T1.B001

Von / From T1.B002

Von/FomTL.BOOZ | | - .

Rihran / Stir I8 L. |
Heizen [ Heat B B N B
Entleeren [ Discharge o .

Spiilen f Clean

2. RO02 Umfiillen / Decant

Legende Signalanzeigen / Key for Indicators

ventil: Stellsignal / Geéffnat | Geschlossen
Z Valve: Control Signal [ Gpen | Closed
@@ Moteor | Pumpe: Stelleignal | Laufmeldung
$ Mater | Pump @ Contrel Signal [ Running Indiczbion
Heizung: Stallsignal
I\/| Heater: Control Signal
T3.B002 _ _ . -
Simulationssteuerung [ Simulation Control Panel
X X Befiillen/Charge T1.B001 == =) RESET [ | RESET 50% |
Q Befillen/Charge TLBO0Z = | o  Enteeren/Discharge T3.B001 _|
el D] Befiillen/Charge T1.BO03 == | o  Entleeren/Discharge T3.8002 _|

Figure 4: Graphical User Interface of the Process Simulation
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Using the simulator is really simple — we only have to make sure that the program is started
after S7 PLCSIM and the assignment of the inputs and outputs was not changed.

With the simulator, it is very easy to check the pump control:

1.
2.

After S7 PLCSIM the simulation program is started.

Simulation starts with 75% filled educt tanks, all others are empty. With the option
'RESET’, this state can be restored any time in the simulation control system. The
option 'RESET 50%’ fills all tanks -as shown in Figure 4- to 50%.

For testing, the motor block is set as described in the previous section under Step 43
— in the simulation, the control signal of the pump lights up green.

The simulated motor start takes about 2 seconds. Then, the running indicator for the
motor lights up green in the simulation, and the signal level for binary input | 6.1 of the
control system is set.

To open the conveying route, the valve for product tank T3.B001 has to be opened.
This valve is operated in the exercise below by means of a suitable individual drive
function. In the simulation -with the pump switched on and the valve open- we can
watch how the content of reactor T2.R001 is pumped into product tank T3.B001.

By means of simulation controllers, the product tanks can be discharged and the educt
tanks can be charged. When charging by means of the simulation controller, first we
have to separate the simulation from the control system. To this end, we click the
button with the horizontal line once. Then, we can open the valve with the button next
to it on the right. The control signal lights up green and after approximately 1 second,
the signal of the limit switch follows for the Open position. After another 5 to 10
seconds, the first changes in the level are visible.

With '/RESET’ and 'RESET 50%’, we can take the simulation to a defined state again.
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EXERCISES

TASKS

We are going to apply what we learned in the theory chapters and the step by step
instructions to the exercises. We are going to use the existing multi-project in the step by
step instructions (PCS7_SCE_0104_R1009.zip) and expand it.

The objective of these exercises is to generate a CFC that controls the valves of the plant.
We will build on the knowledge gained from the step by step instructions where a similar
CFC for controlling a motor was created.

In addition, we are creating a CFC for standardizing the level; i.e., an analog input value.

The following exercises are based on the step by step instructions. For each task, the
corresponding steps in the instructions can be used as an aid.

1.

Based on Table 2, decide which individual drive function is to be used for the present
valve, and import the individual drive function into the project library. Also, the
template for the valve is to be inserted at the process tag types in the master data
library.

In chart folder A1T3X001, an object instance of the valve control that was just
generated in the master data library is to be inserted. If necessary, adapt the names of
the blocks in the object instance.

Use an object instance of your newly generated object type for controlling valve
=SCE.A1.T3.V001 with which a connection between reactor =SCE.A1.T2.R001 and
product container =SCE.A1.T3.B001 can be opened. The valve is to be controlled with
the symbols listed in Table 4.

Now, test your implementation with the SIMIT model.
Add FC 275 (CH_AI) from the PCS7 Library V71 to your project.

Create a new CFC in chart folder A1T2L001. Drag the block CH_AI (FC 275: Analog
Input) that was just added to the first partition of the CFC. Assign a name to the CFC
and the block correspondingly. Connect the ‘VALUE’ input of the block to the symbol
for the actual value level of the reactor in Table 4. Set the “'VHRANGE' of the block to
-82.945 and the ‘VLRANGE’ to 2398.945 (these values are used to standardize the
measured value).

To ensure that the MODE inputs of the CH-DI and CH-DO blocks are wired correctly, make
sure that the option ‘Generate module driver’ is selected for compilation.

Table 4: Symbols for Implementing Valve Control

Symbol Address | Data Type | Symbol Comment
A1.T3.A1T3X001.XV.C Q 20 |BooL Valve inlet product tank B0O1
control signal
A1.T3A1T3X001.GO+-0+ |1 123 | BOOL Valve inlet product tank BOOT
feedback signal opened
A1.T3.A1T3X001.GO+-O- |1 125 |BOOL Valve inlet product tank BOOT
feedback signal closed
A1.T2.A1T2L001.LISA+M |IW 512 | WORD Curment value level reactor
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Figure 5: Part of P&ID

Module P01_04

Page 40 of 40
PCS 7 for Universities

TIA Training Manual
Status: 12/2010



