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Objectives

Upon completion of this chapter the participant will ...
have an overview of the SIMATIC® S7 system family

be familiar with the S7-200™ and S7-300/400™ automation
systems

have an overview of the modules available for these automation
systems

understand the concept of "Totally Integrated Automation”

be familiar with the SIMATIC® programming devices and the PC
requirements for working with STEP7

be familiar with the tools of the STEP7 basic programming package

Si MATIC® S7 Date: 12.03.03 ‘51 SITRAIN Training for

Siemens AG 2003. All rights reserved. File: PRO1_0le.2 ~ Automation and Drives
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Introduction

Totally Integrated
Automation

Central Database

Date: 12.03.03 ‘ SITRAIN Training for
File: PRO1_0le.3 Automation and Drives

In the past, control tasks were solved with individual isolated Programmable
Logic Controls (PLCs) controlling a machine or process. Today in order for
companies to remain competitive, it is not enough to automate only individual
processing stations or machines in isolation. The demand for more flexibility with
higher productivity can then be fulfilled when the individual machines are
integrated in the entire system.

Totally Integrated Automation (TIA) provides a common software environment
that integrates all components, in spite of the diversification of applied
technology, into one uniform system. This brings together everything you need
to program, configure, operate, handle data, communicate, and maintain your
control solutions.

Step 7 SIMATIC Manager, running on Siemens PGs or PCs, provides an
integrated set of tools for all system components that allows easy creation,
testing, start-up, operation and maintenance of your control solutions. While you
are configuring and programming, the Siemens software puts all of your data in
a central database to which all of the tools have access.

A common database of all components of Totally Integrated Automation means
that data only have to be entered once and are then available for the entire
project. The total integration of the entire automation environment is made
pOSSIb|e with the help of:
One common software environment (Step 7 SIMATIC Manager) that
integrates all components and tasks into one uniform easy to use system.

« Common data management

» Standard open busses such as Ethernet, PROFIBUS, MPI, AS-interface
connect all components to each other, from the management level to the
field.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_0le.4 - Automation and Drives
Features » Modular small control system for the lowest performance range.

» Performance-graded range of CPUs (up to 8KB memory, 8-40 integrated
I/O points onboard the CPU).

» Each CPU available in either 24 VDC or 120 VAC - 230 VAC supply voltage
versions.

» Expandable design with up to seven expansion modules depending on CPU
(none with CPU 210 or CPU 221).

+ Extensive module selection. Note: Combined use of CPUs and modules of
the S7-21x series with those of the S7-22x series is NOT possible!

» CPU connected to modules by flexible integrated ribbon cables (S7-22x
series) and by bus connectors (S7-21x series).

* Network-capable with - RS 485 communication interface (Not CPU 210)

- PROFIBUS slave (CPU 215 or CPU 222 or
greater)
* Central PG/PC connection with access to all modules.
* No slot restrictions

» Uses its own S7 Micro/WIN32 software, therefore, STEP 7™ not required.
» “Total Package” (brick) with power supply, CPU and integrated I/O all in
one.

» Password protection of user program - 3 levels.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 4 The SIMATIC® S7 System Family
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S7-200™: Modules S7-21x series
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Expansion » Digital input modules:
Modules (EM) - 24VDC
- 120/230 VAC
» Digital output modules:
- 24VDC
- Relay
* Analog input modules:
- Voltage
- Current
- Resistance

- Thermocouple

» Analog output modules:
- Voltage
- Current

CPUs of the S7-21x series can only be extended with expansion modules of the
S7-21x series. Note: Combined use of the S7-21x series with the S7-22x series
is NOT possible!

Communications You can use the CP 242-2 to significantly increase the number of inputs/outputs

Processors (CP) of the SIMATIC S7-200™ (S7-21x series). The CP acts as a master to an
actuator and sensor interface (AS-Interface). As a result, 31 AS-Interface slaves
can control up to 248 binary elements.

Accessories Bus connector (S7-21x series only)

SITRAIN Training for ST-7PRO1
Automation and Drives Page 5 The SIMATIC® S7 System Family
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S7-200™: Modules S7-22x series
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Siemens AG 2003. All rights reserved.
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Date: 12.03.03 "‘ SITRA_IN Training for
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» Digital input modules:
- 24VDC
- 120/230 VAC

» Digital output modules:
- 24VDC
- Relay

* Analog input modules:
- Voltage
- Current
- Resistance
- Thermocouple

» Analog output modules:
- Voltage
- Current

CPUs of the S7-22x series (CPU 222/224/226) can only be expanded using
expansion modules of the S7-22x series. Note: Combined use of the S7-21x
series with the S7-22x series is NOT possible!

On the S7-22x series you can use the CP 243-2 to connect the S7-200™ as
master to an AS-Interface. The newer CP243-2 supports up to 62 AS-Interface
slaves being connected (max. 31 analog slaves). Up to three (CPU 224, CPU
226) CP243-2 processors can be operated simultaneously on these S7-200
CPUs.

The EM277 PROFIBUS-DP module allows connection of S7-22x series CPUs
(BES7-22x-xxx21-xxxx and later) to PROFIBUS-DP (as a slave) and MPI.
Simultaneous operation is possible as a MPI slave and PROFIBUS-DP slave.
PROFIBUS-DP data transfer rates of up to 12 Mbits/second are supported.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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S7-200™: CPU Design S7-21x Series
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SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_0le.7 - Automation and Drives
Mode Selector For manual mode selection:

STOP = Stop mode, the program is not executed.

TERM = Program execution, read/write access possible from PG.
RUN = Program execution, read-only access possible from PG.
Status Indicators SF = Group error; internal CPU fault; red
(LEDs) RUN = Run mode; green
STOP = Stop mode; yellow
DP = PROFIBUS-DP (only CPU 215)
Memory Card Slot for memory card. A memory card saves the program contents in the event

of a power outage without the need for a battery.

PPI Connection The programming device, text display, or another CPU is connected here.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 7 The SIMATIC® S7 System Family
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For manual mode selection:

STOP = Stop mode, the program is not executed.

TERM = Program execution, read/write access possible from PG.
RUN = Program execution, read-only access possible from PG.
SF = Group error; internal CPU fault; red

RUN = Run mode; green

STOP = Stop mode; yellow

DP = PROFIBUS-DP (only CPU 215)

Slot for memory card. A memory card saves the program contents in the event
of a power outage without the need for a battery.

The programming device, text display, or another CPU is connected here,
except for CPU 210 that is programmed in a programming system (PDS210)
and then transferred to each CPU via a memory submodule.

Higher end CPUs contain two ports allowing the programming device and text
display to be connected at the same time.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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S7-300™
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SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_0le.9 - Automation and Drives
Features » Modular small control system for the lower performance range

» Performance-graded range of CPUs
+ Extensive selection of modules
» Expandable design with up to 32 modules
» Backplane bus integrated in the modules
e Can be networked with - Multipoint interface (MPI),
- PROFIBUS or
- Industrial Ethernet.
* Central PG/PC connection with access to all modules
* No slot restrictions
» Configuration and parameter setting with the help of the "HWConfig" tool.

SITRAIN Training for ST-7PRO1
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S7-300™: Modules
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Siemens AG 2003. All rights reserved.

Signal Modules
(SM)

Interface Modules
(IM)

Dummy Modules
(DM)

Function Modules
(FM)

Communication
Processors (CP)

Accessories

Digital input modules: 24 VDC, 120/230 VAC
» Digital output modules: 24 VDC, Relay

* Analog input modules: Voltage, current,
resistance, thermocouple

» Analog output modules:  Voltage, current

The IM360/IM361 and IM365 make multi-tier configurations possible.
The interface modules loop the bus from one tier to the next.

The DM 370 dummy module reserves a slot for a signal module whose parameters
have not yet been assigned. A dummy module can also be used, for example, to
reserve a slot for installation of an interface module at a later date.

Perform "special functions":
- Counting
- Positioning
- Closed-loop control.

Provide the following networking facilities:
- Point-to-Point connections
- PROFIBUS
- Industrial Ethernet.

Bus connectors and front connectors

SITRAIN Training for

Automation and Drives

ST-7PRO1
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S7-300™: CPU Design

® . B4 SITRAIN Training for
ilmt/nlﬁ;rzlooe AI§g7hts reserved. Eii’\:' éﬁooifgle.ll ‘!‘ Automation :nd Dri?/(fes
Mode Selector MRES = Memory reset function (Module Reset)
STOP = Stop mode, the program is not executed.
RUN = Program execution, read-only access possible from PG.
RUN-P = Program execution, read/write access possible from PG.
Status Indicators SF = Group error; internal CPU fault or fault in module with diagnostics
(LEDs) capability.
BATF = Battery fault; battery empty or non-existent.
DC5V = Internal 5 VDC voltage indicator.
FRCE = FORCE; indicates that at least one input or output is forced.
RUN = Flashes when the CPU is starting up, then a steady light in Run
mode.
STOP = Shows a steady light in Stop mode.
Flashes slowly for a memory reset request,
Flashes quickly when a memory reset is being carried out,
Flashes slowly when a memory reset is necessary because a
memory card has been inserted.
Memory Card A slot is provided for a memory card. The memory card saves the program

contents in the event of a power outage without the need for a battery.

Battery Compartment There is a receptacle for a lithium battery under the cover. The battery provides
backup power to save the contents of the RAM in the event of a power outage.

MPI Connection Connection for a programming device or other device with an MPI interface.
DP Interface Interface for direct connection of distributed 1/Os to the CPU.
SITRAIN Training for ST-7PRO1
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S7-400™

SIMATIC® S7 Date:  12.03.03 ‘sv‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_0le.12 - Automation and Drives
Features » The power PLC for the mid to upper performance range

 Performance-graded range of CPUs
+ Extensive selection of modules
» Expandable design to over 300 modules
» Backplane bus integrated in the modules
» Can be networked with - Multipoint interface (MPI),
- PROFIBUS or
- Industrial Ethernet
* Central PG/PC connection with access to all modules
* No slot restrictions
« Configuration and parameter setting with the help of the "HWConfig" tool
» Multicomputing (up to four CPUs can be used in the central rack )

SITRAIN Training for ST-7PRO1
Automation and Drives Page 12 The SIMATIC® S7 System Family
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S7-400™: Modules
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Siemens AG 2003. All rights reserved.
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» Digital input modules: 24 VDC, 120/230 VAC

» Digital output modules: 24 VDC, Relay

» Analog input modules: Voltage, current, resistance, thermocouple
» Analog output modules:  Voltage, current.

The IM460, IM461, IM463, IM467 interface modules provide the connection
between various racks:

» URL1 (Universal Rack) with up to 18 modules
» UR2 (Universal Rack) with up to 9 modules
» ER1 (Expansion Rack) with up to 18 modules
» ER2 (Expansion Rack) with up to 9 modules.

Perform "special functions":
» Counting

» Positioning

» Closed-loop control.

Provide the following networking facilities:
e Point-to-Point connections

« PROFIBUS

e Industrial Ethernet.

SITRAIN Training for

Automation and Drives

ST-7PRO1
Page 13 The SIMATIC® S7 System Family



SIEMENS

S7-400™: CPU Design
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PRO1_0le.14

Date:
File:

LEDs for the CPU's statuses and faults, both internal and external

With the S7-400™ CPUs you can, depending on your requirements, insert RAM
or
flash EPROM cards as external load memory :

* RAM cards are available with a capacity of:
64KByte, 256KByte, 1MByte, 2MByte.

The CPU battery backs up the contents.

» Flash EPROM cards are available with a capacity of:
64KByte, 256KByte, 1MByte, 2MByte, 4MByte, 8MByte, 16MByte.

The contents are backed-up on the integrated EEPROMSs.

MRES = Memory reset function (Module RESet)

STOP = STOP mode, that is, no program execution and output disabled
("OD" mode = Output Disabled).

RUN = Program execution, read-only access possible from PG.

RUN-P Program execution, read/write access possible from PG.

MPI / DP interface (parameter-assignable in HW-Config) for

» establishing the online connection to the programming device
» connecting to distributed peripherals (DP)

» data exchange with other stations (S7 Communication)

For connecting to distributed peripherals (DP, only for CPUs with 2 interfaces)

Additional external battery socket for a5 VDC to 15 VDC source to back up the
RAM when the power supply is being replaced.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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Power PG

Programming Devices

Field PG

SIMATIC® S7

Siemens AG 2003. All rights reserved.
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Power PG
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File: PRO1_0le.15

An industry-standard programming device. The Field PG is powerful and easy to
use, especially for maintenance and service. It is also appropriate for
programming and configuration - the ideal tool for shop floor applications.

Features:

Dimensions in Notebook format

2 hour battery operation

AT-compatible

TFT color display

Equipped with all necessary SIMATIC interface ports

A portable programming device, ideal for all applications in an automation
project. It is also an extremely powerful, industry-standard PC.

Features:

High-level system performance

Excellent expansion facilities

TFT color display

Highly rugged design

Equipped with all the necessary SIMATIC interface ports

A hand-held programming device is also available for programming the
S7-200™ in STL (Statement List). This programming device is the PG702 =
approximately 230 grams, 144 x 72 x 27mm, 2 lines x 20 character LC display.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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PG/PC Requirements for Installing STEP 7

Operating system: Windows (all, except Win 3.1 and 3.11)

95/98 ME NT 2000/XP
Processor >= 80486 >= P150 >= Pentium >= pP233
RAM >= 32 MB >= 64 MB >= 32 MB >= 128 MB

Memory on the

Hard Drive: depending on the installation, between 200 MB and 380 MB
plus 128 to 256 MB minus the working memory for
Windows Swap File

Mouse: yes

Interfaces: CP5611 (PCI) or
CP5511 / CP5512 (PCMCIA) or
PC adapter

Programming interface for Memory Card (optional)

Si MATIC® S7 Date: 12.03.03 ‘51 SITRAIN Training for

Siemens AG 2003. All rights reserved. File: PRO1_01e.16 ~ Automation and Drives

Requirements SIMATIC PGs provide the optimum basis for using the STEP 7 software.

You can, however, also use a PC that fulfills the above-listed requirements. So
that you can make the necessary online connection between the automation
system (PLC) and the PC, the PC must be equipped with one of the interfaces
listed in the slide above.

If user programs are to be loaded on memory cards, the PC must also be
equipped with the appropriate programming interface.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 16 The SIMATIC® S7 System Family
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Installing STEP 7 Software
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Installation

Software Protection

Date: 12.03.03
File: PRO1_0le.17

zv‘ SITRAIN Training for
‘= Automation and Drives

1. Activate "Setup.exe" by selecting "Add/Remove Programs" in the "Winxx-

>Control Panel".

Choose Options.

Choose Language.

Insert authorization disk when prompted.
Re-boot when prompted.

akrwbd

The STEP 7 software is copy-protected and can only be used on one

programming device at a time.

When you have installed the software, you cannot start using it until you have
transferred the authorization to the hard disk drive from the authorization disk.

» Be sure to read the notes in the README.TXT file on the authorization disk. If

you do not observe these instructions, you risk

losing your authorization.

» As of STEP 7 V5.0, the STEP 7 basic package can also be operated without
authorization until a new authorization has been received. This, however, does
not apply to option packages, such as S7 Graph, if they have been installed

» As of STEP 7 V4.0, the software is only available on CD-ROM
» Software Service Packs can also be downloaded from the Internet.

Service Packs Free-of-Charge
Software Service Packs can be downloaded from the Internet via
http://www.siemens.com/automation/service&support.

SITRAIN Training for

Automation and Drives
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Result of Installation
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SIMATIC® S7 Date:  12.03.03 ‘31 SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_0le.18 = Automation and Drives
Introduction The main tool in STEP 7 is the SIMATIC® Manager. There are two ways in
which to activate it:
1. through Task bar -> Start -> SIMATIC® -> SIMATIC® Manager
2. through the icon "SIMATIC® Manager".
SITRAIN Training for ST-7PRO1
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STEP 7 Tools
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'ﬁ —_ WL 0 ) Installed software
LSl =imatic STEF T-MiciowIN 32V31.031 » o :
EE 3 v, LAD, STL. FBD - Programming 57 Blocks
_1 Brograms ¥ o#) SIMATIC Manager |ﬁ| temary Card Parameter Assignment
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c j Documents 5 %@ MetPro - Configuring Metworks
= = [ PIC Control Parameter &zsigrment
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u R Setting the PG-PC Interface
s | find g
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]
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- (=]
2
3 g! Shut Diowr..
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Si MATIC® S7 Date: 12.03.03 zv‘ SITRAIN Training for
File: PRO1_0le.19 W Automation and Drives

Siemens AG 2003. All rights reserved.

SIMATIC® Manager

Notes

LAD, STL, FBD

Memory Card
Parameter
Assignment.

Configuring
Networks

Setting the PG-PC
Interface

PID Control
Parameter
Assignment

Converting S5 Files

Configure SIMATIC
Workspace

Converting Tl Files

The SIMATIC® Manager manages the STEP 7 projects. It is the main program
and also appears on the WINDOWS desktop.

"STEP 7 - Readme" provides detailed information about the version, installation
procedure, etc.

Tool for writing STEP 7 user programs in the "Ladder Diagram"”, "Statement List"
or "Function Block Diagram" programming languages.

You can save your user programs on EPROM cards by either using the
programming device or an external prommer.
Different drivers are required, depending on the application.

Network configuration is discussed in the chapter on "Communication”.

This tool is used for setting the local node address, the transmission speed
and the highest node address in the MPI network.

The basic STEP 7 software package also includes blocks for solving PID
(closed-loop) control problems. You choose "PID Control Parameter
Assignment" to start the program for assigning parameters to the closed-loop
control blocks.

STEPS5 programs can be converted into the corresponding STEP 7 programs
with the help of the S5/S7 converter.

This option provides facilities for configuring multi-user systems.

SIMATIC TI programs can be converted into the corresponding STEP 7 program
with the help of the TI/S7 converter.

SITRAIN Training for

Automation and Drives
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Setup of a Training Area with S7-300™

SIMATIC® S7 Date:  12.03.03 .51 SITRAIN Training for

Siemens AG 2003. All rights reserved. File: PRO1_02e.2 - Automation and Drives
Contents of the The training kit consists of the following components:

Training Kit * An S7-300™ programmable logic controller with CPU 314 or CPU 315-DP

» Digital input and output modules, analog modules
»  Simulator with digital and analog sections
»  Conveyor model

Note:

It is quite possible that your training area is not equipped with the conveyor
model shown in the slide above, but rather with the conveyor model
pictured below.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 2 Training Units
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Version A

(16 channel

1/0 modules)
Module -->
Slot No. -->

/0 Address  -->

Configuration of the S7-300™ Training Unit

9 m
oa’
)

DI 16 DO 16 DO 16 Dl16 DO 16 Al/AO4
5 6 7 8 9 10
4 8 12 16 20 352

Version B

(32 channel

1/0 modules)
Module -->
Slot No. -->

/0 Address ~ -->

%

DI32 DO32 DI8/DO8 Al 2
4 5 6 7
0 4 8 304

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Configuration
of Version A

Configuration
of Version B

Addresses

Date: 12.03.03
File: PRO1_02e.3

zv‘ SITRAIN Training for
‘= Automation and Drives

The programmable controller is configured with the following modules:

Slot 1: Power Supply 24V/5A

Slot 2: CPU 314 or CPU 315-2 DP

Slot 4: Digital input 16x24V Inputs from the simulator
Slot 5: Digital input 16x24V Thumbwheel buttons

Slot 6: Digital output 16x24V 0.5A  Outputs from the simulator
Slot 7: Digital output 16x24V 0.5A  Digital display

Slot 8: Digital input 16x24V Conveyor model inputs

Slot 9: Digital output 16x24V 0.5A  Conveyor model outputs

Slot 10: Analog module 4 Al/4 AO Adjustable from the simulator

The programmable controller is configured with the following modules:

Slot 1: Power Supply 24V/5A

Slot 2: CPU 314 or CPU 315-2 DP

Slot 4: Digital input 32x24V Inputs from the simulator
and thumbwheel buttons

Slot 5: Digital output 32x24V/0.5A  Outputs from the simulator
and digital display

Slot 6: Digital input and output Conveyor model

module 8X24V/ 8x24V 0.5A
Slot 7: Analog input 2 Al Analog section from simulator

Fixed slot addressing is used for the S7-300™ (CPU 312-314). The module

addresses are shown in the slide.

The starting addresses of the modules can be set by parameter assignment on
the CPU 315-2DP and for S7-400™.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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Setup of a Training Area with S7-400™

SIMATIC® S7 Date:  12.03.03 .51 SITRAIN Training for

Siemens AG 2003. All rights reserved. File: PRO1_02e.4 - Automation and Drives
Contents of the The training kit consists of the following components:

Training Kit * An S7-400™ programmable logic controller with CPU 412 or CPU 413-2DP

» Digital input and output modules, analog modules

»  Simulator with digital and analog sections

»  Conveyor model
Note:
It is quite possible that your training area is not equipped with the conveyor
model shown in the slide above, but rather with the conveyor model
pictured below.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 4 Training Units
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Slot No. 1

Configuration of the S7-400™ Training Unit

6 7 8 9 10 11 12

13 14 15 16 17 18

PS CPU DI DO DO Al
32 32 32 32 8
Default Address: 28 32 36 40 1216
® . B4 SITRAIN Training for
SIMATIC S7 Eii":‘ é%g?’l'fgzels ‘!‘ Automation:nd Dri?/(fes

Siemens AG 2003. All rights reserved.
Design

Configuration

Addressing

You can see the design of the S7-400™ training unit in the slide above.

The UR 1 mounting rack is configured with the following modules:

Slot 1: Power supply 24V and 5V/20A

Slot 2: -

Slot 3: -

Slot 4: CPU 412 or other

Slot 5: vacant (when the CPU only has a single width)

Slot 6: vacant

Slot 7: vacant

Slot 8: Digital input 32x24V (from Simulator)

Slot 9: Digital input 32x24V (from Conveyor Model)
Slot 10: Digital output 32x24V 0.5A (to Simulator)

Slot 11: Digital output 32x24V 0.5A (to Conveyor Model)
Slot 12: Analog input 8X13 Bit (from Poti on the Simulator)
Slot 13: vacant

Slot 14: vacant

Slot 15: vacant

Slot 16: vacant

Slot 17: vacant

Slot 18: vacant

You have the default addresses, as shown in the slide above, as long as no
configuration or parameter settings have been made.

SITRAIN Training for

Automation and Drives

Page 5
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The Simulator

Potentiometers for
setting the

Digital Display analog values

o
o

N o o hd wih RO

All Qj Al2
OsTisl| (22| [2T2

N o o hd w iRk O

NoOo N WNRO NO O AMWDNPRO
- @’o’o’o’o’o’o’o’|o’o’o’o’o’o’o’o’ 2
dEEE RS SR RAREE R R

Switches LEDs Thumbwhéel Buttons

/ M.C.Switches

3" SITRAIN Training for
'= Automation and Drives

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Date:
File:

12.03.03
PRO1_02e.6

Design Two cables connect the simulator to the S7-300™ or S7-400™ training unit. The
simulator is divided into the following three sections:
» Binary section with 16 switches/momentary-contact switches and 16 LED's
» Digital section with 4 thumbwheel buttons and a digital display. The
thumbwheel and digital (BCD) display use BCD values,
» Analog section with a voltmeter for displaying the values at analog channels
0 and 1 or the analog outputs 0 and 1. You use the selector switch to choose
the voltage value you want to monitor. There are two separate
potentiometers for setting the values for the analog inputs.
Addressing You use the following addresses to address the inputs and outputs in your user
program:
Version A Version B S7-400
Sensor / Actuator | ry15 " h16) (DI32, DO32) (Default addresses)
Switch / M.C.Sw. | IWO IW 0 IW 28
LEDs Qw8 QW 4 QW 36
Thumb. buttons W 4 W 2 IW 30
Digital display QW 12 QW 6 QW 38
Analog channels | PIW 352/354 PIW 304/306 PIW 1216/1230
SITRAIN Training for ST-7PRO1
Automation and Drives Page 6 Training Units
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The Conveyor Model
BAY1 BAY?2 BAY3 LB
K_Conv_RIGHT () i
K_Conv_LEFT 4 V.
\ - /
TPBL ! ! ! TPB
L_BAY1 |
L_BAY2
T _PB2
® . ™ SITRAIN Training for
Sslelmlz/r!sAA\;rZIOOC3 AI§g7hts reserved. Ei?etie. é%oo:}fgge] ‘!‘ Automation :nd DTR’LS

Design The slide shows a diagram of the conveyor model with its sensors and
actuators.

Addresses S7-300™] S7-3007Y S7-400™
Ver. A Ver.B | (Default [ Sensor/ Actuator Symbol
(Dl16, (DI32, Ad-
DO16) DO32) | dresses
116.0 18.0 132.0 Light Barrier at Conv. End LB
116.1 18.1 132.1 Push Button at Bay1, M.C. T PB1
116.2 18.2 132.2 Push Button at Bay2, M.C. T_PB2
116.3 8.3 132.3 Push Button at Bay3, M.C. T_PB3
116.4 18.4 132.4 Push Button at Conv.End,MC. | T_PB4
116.5 8.5 1325 Proximity Sensor at Bay 1 BAY1
116.6 | 8.6 132.6 Proximity Sensor at Bay 2 BAY?2
116.7 | 8.7 |1 32.7 Proximity Sensor at Bay 3 BAY3
Q20.1 Q8.1 Q40.1 Indicator Light at Bay 1 L BAY1
Q20.2 Q8.2 Q 40.2 Indicator Light at Bay 2 L BAY2
Q20.3 Q8.3 Q40.3 Indicator Light at Bay 3 L _BAY3
Q204 Q8.4 Q 40. Indicator Light at Conv. End L_END
Q205 Q8.5 Q40.5 Run Conveyor Right K_RT
Q 20.6 Q8.6 Q 40.6 Run Conveyor Left K LT
Q 20.7 Q8.7 Q 40.7 Horn K_Horn

SITRAIN Training for ST-7PRO1

Automation and Drives Page 7 Training Units
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The SIMATIC® Manager
K SIMATIC Manager - [SER¥2_325 - C:\S7_Courses\Serv2_32] 1ol x|
£p File Edt Insert PLC Wiew Options ‘Window Help ==l x|
Dlravl g“l@l v E|e dal (= 2| 2ot EE|EE| & [ovoFies =1 %| 38|@| =/=|m| |
[Ed My Station [z Ehapter-’i (z1] Chapters ct
o Statlon 57] Chapterd (52]) Chapterd %‘EMPI 1]
=8 cru e
= - ty Program
----- (] Sources
2R Blocks
[#-{z7] Chapterd
[#-{z7] Chapters
[#-{z7] Chapter
[#-{z7] Chapterd
[#-{z7] Chapterd
Press F1 to get Help, v
SIMATIC S7 Date:  12.03.03 ‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_03E.1 Automation and Drives
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Objectives

Upon completion of this chapter the participant will ...
understand the project structure in the SIMATIC® Manager
be familiar with the offline / online view in the SIMATIC® Manager
be familiar with the STEP 7 standard libraries
be familiar with the STEP7 help system
be able to create a new project with the SIMATIC® Manager

be able to copy a block with the SIMATIC® Manager

v .
SIMATIC S7 Date:  12.03.03 “z‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_03E.2 ~ Automation and Drives
SITRAIN Training for ST-7PRO1

Automation and Drives Page 2 The SIMATIC® Manager
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From Process to Project

Tl
o]

Project Management

SIMATIC® Manager Illnlllllll
Hardware <=
| FB21
OoB1
11.0 111 Q4.0 . ®
Process ’_‘ H O Software €—
SIMATIC S7 Date:  12.03.03 .;v‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_03E.3 - Automation and Drives
Process When you take a closer look at a process you want to automate, you will find

Hardware and
Software

Project

that it is made up of a multitude of smaller sections and sub-processes, which
are all interlinked and dependent on one another.

The first task is therefore to break down the automation process as a whole into
separate sub-tasks.

Each sub-task defines certain hardware and software requirements which the
the automation system must fulfill:

Hardware:

Number and type of inputs and outputs
Number and type of modules

Number of racks

Capacity and type of CPU

HMI systems

Networking systems

Software:

Program structure

Data management for the automation process
Configuration data

Communication data

Program and project documentation.

In SIMATIC® S7 all the hardware and software requirements of an automation
process are managed within a project.

A project includes the necessary hardware (+ configuration), network

(+ configuration), all the programs, and the entire data management for an
automation solution.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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K SIMATIC Manager - [SER¥2_325 - C:\S7_Courses\Serv2_32] o [m] B4
£p File Edt Insert PLC Wiew Options ‘Window Help - =] x|

STEP 7 Project Structure

: [ < Mo Fiter > =1 Y| =] =E|m !

Egp SERVZ 328
=-E My Station

[#-{z7] Chapterd
[-{z5] Chapters
E-{z5) Chapterb
@ Sources
[#-{z7] Chapterd
[-{z7] Chapterd

Press F1 to get Help,

=8 cru e
[=-{z2] My Program

o OB 1 o3 FB20 o FLi5 o FCIE
o FC17 = FCI8 o= FC20 g FCI05
= DB2 = DE3 o= DB1E

SIMATIC S7

Siemens AG 2003. All rights reserved.

Multiproject

Project Structure

Project Hierarchy

L] L
Date: 12.03.03 "‘ SITRA!N Training for
File: PRO1_03E.4 & Automation and Drives

The multiproject folder is the folder for all projects and libraries of an automation
solution that contains one or more STEP 7 projects and optionally, also libraries.
That way, the complete solution can be divided into individual, easy to follow
projects. The projects within the multiproject can contain objects with cross-
project interrelations (such as cross-project S7 connections).

Data is stored in a project in the form of objects. The objects in a project are
arranged in a tree structure (project hierarchy). The tree structure displayed in
the project window is similar to that in the Windows Explorer. Only the icons for
the objects are different.

1st. Level:  The first level contains the project icon. Each project represents a
database where all the relevant project data are stored.

2nd. Level: « Stations (such as the S7-300™ station) are where information
about the hardware configuration and parameter assignment
data of modules is stored.
Stations are the starting point for configuring the hardware.

» S7 Program folders are the starting point for writing
programs. All the software for a parameter-assignable
module from the S7 range is stored in an S7 Program
folder. This folder contains further folders for the program
blocks and sources.

* Subnets (MPI,Profibus, Industrial Ethernet) are part of an
overall network.

3rd. and subsequent levels: Depends on the object type of the next-higher level.

SITRAIN Training for

Automation and Drives
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Starting the SIMATIC® Manager

Il SIMATIC Manager =10l %]

File PLC View Options ‘Window Help

D|=| 827 %| = x|

Press F1 to get Help. &

SIMATIC S7

Siemens AG 2003. All rights reserved.

Introduction

Starting the
SIMATIC® Manager

User Interface

Note

B .
Date: 12.03.03 "‘ SITRA_IN Training for
File: PRO1_03E.5 A" Automation and Drives

The SIMATIC® Manager is a graphic user-interface for online/offline editing of S7
objects (projects, user program files, blocks, hardware stations and tools).
With the SIMATIC® Manager you can:

¢ manage projects and libraries,

e activate STEP 7 tools,

* access the PLC online,

¢ edit memory cards.

There is a "SIMATIC® Manager" icon on the Windows desktop and a
"SIMATIC® Manager" program item under SIMATIC® in the Start menu.
You activate the program just like all other Windows applications when you
double-click the icon (77 or use the Start menu

*

START -> SIMATIC® -> % SIMATIC Manager

After installation, the main tool is available as an icon on the Windows desktop.
The SIMATIC® Manager manages the S7 objects such as projects and user
programs.

When you open an object, the associated tool for editing starts. A double-click
on a program block starts the Program Editor, where a block can be edited
(object-oriented start)

You can always obtain online help for the current window when you press the F1
function key.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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SIMATIC® Manager Menus and Toolbars

FJSIMATIC Manager

File PLC Wiew Options Window Help

I (=]

D= 227 | =| w2

Menu bar

tobar —
7

Toolbar

Status bar\

Press F1 to get Help, | | |

v

Taskbar /"M”J @ £ B ||[#SMATIC Manager | ()05 Courses | ®2asc part shop pra | Ll 5% 113
. 24 SITRAIN Training for
ilrnl\e/r!sAA;rZI(mCS iz;hts reserved. Ei?é?' ézRooiESaEs ‘!‘ Automation and Dri?/es
Title Bar The title bar contains the window title and the buttons for controlling the window.
Menu Bar Contains all the menus available for the current window.
Toolbar Contains the most frequently used tasks as symbols. These symbols are self-
explanatory.
Status Bar Displays the current status and further information.
Taskbar The taskbar contains all open applications and windows as buttons.
You can position the taskbar on either side of the screen by using the left mouse
button and dragging it to its new position.
ST-7PRO1
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H ®
The Toolbar in the SIMATIC® Manager
QSIMATIE Manager - [SER¥2_325 - C:"57_Courses’ServZ_32] - |I:I|1|
@ File Edit Insert PLC Yiew Options wWindow Help - |ﬁ'|ﬂ
2| 89 4 |e|e bl (o 2| ol i < No Fier > 1% %8s ==3Im| x|
E- '} [ My Station Chapterd Chapterd Chaptert
by Station |z7] Chapterd (z7] Chapterd %Q MPI1]
=-[@ cru g
[=-{z1] My Program
(] Sources
‘g5 Blocks
[#-{zz] Chapterd
[#{z7] Chapter5
[#-{z7] Chapterb
[#-{z7] Chapterd
[+-{z7] Chapterd
Windows Symbols | STEP 7 Symbols
%‘E‘ Display Accessible Nodes
e S7 Memory Card
ﬁ Download (to the PLC)
e Define Filter
| ¢ No Filter » j Activate Filter
Simulate Modules (S7-PLCSIM)
%E Configure Network
1 Elml Window Arrange
SIMATIC S7 Date:  12.03.03 .51 SITRAIN Training for
File: PRO1_03E.7 1 Automation and Drives

Siemens AG 2003. All rights reserved.

Mew (File henul

2| Open (File Menu)

@

Dizsplay Accessible Modes (PLC Menu)

o7 Memory Card (File Menu)

Cut (Edit Menu)

E A B

Copy (Edit Menu)

i

Paste (Edit Menu)

Dowenload (PLC Menu)

&l &

Dinline Miew Benu)

Offline Miew henu)

(=] [

Large lcons (view hMenu)
ormall lcons Miew henu)

List Miew Menu)

Details Migw Menu)

Filter Command (View hMenu)

LUp One Level

oimulate Module (Options Menul

Arrange, Cascade MWindow Menu)

Arrange, Hotizontally fWindow Menu)

Arrange Wertically (WWindow Menu)

Help Symbol

SITRAIN Training for
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K] SIMATIC Manager

Creating an S7 Project

Creates a new project or a new library,

File PLC Wiew Options ‘Window Help New Project |
Mew... Chrl+M
"Mew Project’ Wizard.., dzer projects | Librariesl Multiproiectsl
Open... ; ; ctri+0 Marne: | Storage path |
Open Version 1 Project... GD_Communication C:ASY_KursehGD_Kommu
Mein_Projekt CASY_Kurse\Mein_Pro
5 iy G SERV2 CAS7_KursehSer2
Memory Card File SERVZ_32L CAS7_KursehServ2_32L
Delete SERWVZ_325 CAS7_Courses\Servz_32
" S-RTO_2 CAST_KusedS_RTO_2
Reorganize...
Manage. ..
Archive...
IR0, [T &dd to current multiprojsct
Fage Setup... MName: Type:
A o SEEE—
La.bellng fields, .. Il ] Enter project
Print Setup... h
. name nere
1 SERVZ_325 (Project) - C:\57_CoursesiServ2_32 Storage location [path): and use "OK"
2 SERYZ_32L (Projekk) -- C:157_KurselServ2_32L |C:\S?_Courses Browse... | to confirm
3 GD_Communication (Project) -- C:157_Kurse\GD_Kommmu
4 Standard Library (Bibliothek) -- C:4...45tep?i57libs\StdLibs0
Cancel | Help |
Exit Al+F4

v

SIMATIC S7

Siemens AG 2003. All rights reserved.

Creating a Project

Notes

SITRAIN Training for
Automation and Drives

12.03.03
PRO1_03E.8

Date:
File:

x

Select the menu options File -> New or the symbol in the toolbar to open
the "New" dialog box for creating a new project or a new library.

Enter the project name in the "Name" box and click the "OK" button to confirm.

1. The "Storage location (path)" displays the path that was preset in the
SIMATIC® Manager under Options -> Customize.

2. Asof STEP 7 V3.2, the 'New Project' Wizard helps you create a new project.

SITRAIN Training for

Automation and Drives
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Inserting an S7 Program

EJSIMATIC Manager - My_Project (=]
File Edit | Insert FLC ‘igw ©Options ‘Window Help

e Station i - - |
Ols| 0 < HoFier> il BB ¥
1 57 Program

2 M7 Program
57 Saftware

FProgram
57 Block

17 Saftware

Symbal Table

Text library

External Source, ..
My_Project - C:*

Inserks S7 Program ak the cursor position, S
SIMATIC S7 Date: 120803 W@ STRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_03E.9 ™ Automation and Drives

Inserting a Program  Select the Insert -> Program -> S7 Program menu to insert a new program into
the current project.

When you insert an object, the system automatically gives it a relevant name,
such as "S7 Program(1)".
You can then change this name if you like.

Note You use the method described above to create a hardware-independent
program.

Programs assigned to particular hardware are described in the "Hardware
Configuration” chapter.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 9 The SIMATIC® Manager
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Offline / Online View in the SIMATIC® Manager
K_JSIMATIC Manager - SERVZ_325 I =] 4]
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5-5 SERVZ_325 4 OB 43 OB100 =5 SERVZ_325 Systemn data i3 SFRO =
] i 4= FB20 & FC15 My Station 4D SFE1 i3 5FB2
43 FC16 o FC7 -] Chapterd o SFE3 3 5FB4
4= FO18 = FC20 #-{1] Chapterd o SFES {5 GFR32
<3 FC105 o DE2 {1 Chapter o SFCO o SFCT
3 DB3 o DB18 B3 Chapterd 3 5FC2 £ 5FC3
4D SFC4 {3 5FCE
B Chapter o SFC17 o 5FC1E
&) Chapterd o SFCTS o SFC20
4 SFC21 i 5FC22
3 SFC23 3 SFC24
D SFC28 {5 5FC29
4 SFC30 43 SFC31
3 SFC32 3 SFC33
4D SFC34 i 5FC36
3 SFC37 3 SFC38
4D SFC39 {3 SFC40
4 SFC41 i SFC42
3 SFC43 3 SFC44
4D SFC46 0 SFC47
3 SFC49 3 SFCE0
43 SFCS1 {5 SFC52
4 SFC54 4 SFC55
3 SFCEE 3 SFCE7
o SFCS6 o 5FC59 o
3 SFCE4 3 SFCER
4 SFCES {3 SFCE7 -
Press F1 ko get Help. [ [ [ >
SIMATIC S7 Date:  12.03.03 .;v‘ SITRAIN Training for
File: PRO1 03E.10 1 Automation and Drives
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Offline View

Online View

Changing Views

Note

In the project window of the SIMATIC® Manager, the offline view displays the
project structure stored on the hard disk of the programming device.

The "S7 Program" folder contains the "Sources" and "Blocks" objects.

The "Blocks" folder contains the system data created with the HWConfig tool
and the blocks created with the LAD/STL/FBD Editor.

The online view shows the offline project structure in the left window and in the
right window it shows the blocks stored online in the selected CPU.

As a result, the "S7 Program" seen in the online view only contains the "Blocks"
folder which contains the following objects:

» System data blocks (SDB)
» User blocks (OB, FC, FB)
» System blocks (SFC, SFB).

Changing between offline and online view takes place:

» through the View -> Offline or View -> Online menu items
or

» with the corresponding symbol in the toolbar:

%I Online
E’ Offline

You can arrange the "ONLINE" and "OFFLINE" views next to each other or
under each other when you use the Window -> Arrange option in the menu bar.

SITRAIN Training for

Automation and Drives
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Standard Library
K] SIMATIC Manager =10l

File FLC ‘iew Options ‘Window Help
Mewt. .. Chrl+h Open Project x|

‘Mew Project’ Wizard. .,
Open... CHl+0 Uszer projects  Libraries | Sample projects | Multiprojects

Open Version 1 Project, .. Mame | Storage path I
T SR » SIMATIC_MET_CP  C:ASiemenshStep?\S Flibghzimatich

) Standard Library

> i
Memary Card File stdlibs [W2) C:ASiemens\Step S 7libsA\STOLIES
Delete. ..
Reorganize.. .
Manage...
Archive,..
Retrieve...
Fage Setup... Selected
La.bellng figlds, .. Iser Projects:
Print Setup... P
Libraries: 1

1 SERYZ_323 (Projeck) -- Ci\57_Courses\Servz_32
2 Accessible Modes -- MPT

3 My_Project (Project) -- C:157_CoursesiMy_Proje
4 SERYZ_32L (Projekk) -- C\S7_KurselServZ_32L

Sample Projects: ,_
tultiprajects: Browse... |

Cancel | Help |

Alt+F4

Exit

_r_r‘Standard brary :\Siemens',Step 74, 5 Tlibs, StdLib30 - IEllil
Communication Blocks IEC Function Blocks Miscellaneous Blocks

Organization Blocks FID Contral Blocks 55-57 Converting Blocks

Syztem Function Blocks TI-57 Converting Blocks

Opens a project to be select

SIMATIC S7 Date:  12.03.03 .51 SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_03E.11 - Automation and Drives
Introduction Libraries are used to store reusable blocks.The blocks can be copied into a

library from existing projects or they can be created directly in the library
independent of projects.

Standard A Standard Library is installed when you install STEP 7. You can access this

Library standard library from the SIMATIC® Manager (File -> Open -> Libraries) or from
the Block Editor (Overviews -> Libraries). The library contains the following S7
programs:

Communication Blocks: FCs (functions) for communication between the CPU and the distributed 1/O
via communication processors.

Organization Blocks: Organization blocks (OBs).

S5-S7 Converting Blocks: Blocks that emulate STEP 5 standard function blocks and that are
necessary for converting STEP 5 programs.

TI-S7 Converting Blocks: Generally usable standard functions such as analog value scaling.

IEC Function Blocks: Blocks for IEC functions (IEC: International Electrotechnical Commission), such
as for processing time and date information, for string processing and for
selecting maximum and minimum.

PID Control Blocks: Function blocks (FBs) for PID closed-loop controls.
System Function Blocks: System functions (SFCs) and System function blocks (SFBs).

Miscellaneous Blocks: FCs and Fs for switching between daylight savings time and and standard time
(summer and winter times).

Note Additional libraries are added when optional software is installed.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 11 The SIMATIC® Manager
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STEP 7 Help System

K] SIMATIC Manager
PLC ‘Wiew Options ‘Window | Help

File

I (=]

Pron

Ausblenden

=

Zuriick Yorwats  Staitseite

Introduction
Gekting Started

~1ol]
B

biects

Glossary

Inhalt | index | Suchen |

=l () What's New?
What's New in STEP 7, Version 5.2
@ Introducing the Product and Installing the Software
@ viorking Out the Automation Concept
@ Startup and Operation
Q Setting Up and Editing the Project
Q Editing Projects with different Wersions of STEP 7
0 ‘Working Yith Projects inthe Multiproject
@ Morethan One User Eddting Projects
@ configuring the Hardware
@ configuring Connections and Data Exchanae
@ Frogramming Blocks
@ Configuring Messages
@ Controling and Monitoring Veriables
@ Commissioning and Service
@ Establishing an Online Connection and Making CPU
Q Downloading and Uploading
@ Debugging
Q Diagnostics
@ Frinting and Archiving
@ viorking with M7 Programmable Control Systsms
@ Tips and Tricks
@ sppendix
@ Caling Reference Helps (LAD, FBD, STL, Blocks, £
@ Caling Help on Optional Packages

Bl

Installation

STEP 7 is also released for M3 Windows XP Professional

Online Help

Click on the "Start page” icon in the STEP 7 Online Help to open the infarmation partal. This J
portal provides compact access to major topics of the Online Help, e.g.

e Getting Started with STEP 7

& Configuring & Programming

s Testing & Debugging

& SIMATIC on the Intemnet

SIMATIC Manager

& In SIMATIC Manager you can create a multiproject, that allows distributed read/write
access of users to projects and smaller projects (see What You Should Know About

Multiprojects

Select the menu cornmand PLC » Compile and Download Objects to easily prepare
your configured data in a central location for download to your FLCs. The objects selected
will be checked, compiled and, if you desire, downloaded to your PLCs (see Compiling and
Downloading Objects).

The menu command PLC > Save to Memory Card and PLC > Get Project from
Memory Card lets you save and retrieve any data on Memory Card

You can use the menu cormmmands Options > Manage Multilingual Texts > Settings for
Handling Comments and Options > Manage Multilingual Texts > Rearrange to
customize the settings for the translation of text in the blocks and to reorganize the
database for multilingual text management in a single project

When you open multiprojects, projects or libraries that were created in STEP 7 %52, you
will be informed about any optional packages used in creating thern that are not installed on =l

SIMATIC S7

Siemens AG 2003. All rights reserved.

Obtaining Help

Tabs

12.03.03
PRO1_03E.12

Date:

ol
File: ‘=

There are various ways of obtaining help:

1. You use the Help - > Contents menu to activate the general help.

2. You use the F1 function key or the
E| symbol in the toolbar to start the context-sensitive help.

« "Contents"
e "Index"

» "Search"

of available terms in alphabetical order.

SITRAIN Training for
Automation and Drives

- Displays a list of help topics under general headings.
- Allows you to access the help information by displaying a list

Hot words

- Enables you to look for certain words or expressions in the
help topics.

Certain words are highlighted in green and are underlined with a broken line in
the help texts (called "Hot words"). A mouse click on these "Hot words" leads to
a further help text with detailed information.

SITRAIN Training for

Automation and Drives
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Context-Sensitive Help in STEP 7

QSIMATIE Manager - [Standard Library -- C:',Siemens"Step 7' 57libs'. StdLil - |I:I|1|
‘ File Edit Inssrt PLC ‘iew Options Window Help =121xI

D] 22l5| % (=] b [ =

%] || =

Ea Standard Library

7] Communication Blocks
IEC Function Blocks
Miscellansous Blocks
Organization Blocks

7] PID Contral Blocks

-

SET_RTM

< Help on Standard and System Functions 57-300 and 573
Fle Edit Bookmark Options Help

F1 Function Key
=lol x|

F#-{=0 5557 Converting Blo

Lontents | Index | Back I Frint I << | = Helpon STEF 7| Gloszany I

[=-{z7] System Function Bloc

Reading the Time with SFC 1 "READ_CLk"

Press F1 ta get Help,

Description

With SFC 1 "READ_CLK" (read system clock), you read the current date or current time of the system clock of the CPU

Parameter Declaration Data Tywpe Memory Area Description

RET_WAL OUTPUT IMT |G, MOl If an error accurs during the execution of the
function, the return value contains an error
code.

COT OUTPUT oT oL The current date and currenttime are output

at
the COT output

Error Information
See Chapter Evaluating Errors with the Output Pararneter RET AL

See also:

Example of an SFC 0 (SET_CLK) /A SFC 1 (READ_CLK) - task

9

=
SIMATIC S7 Date: 120803 W@ STRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_03E.13 Automation and Drives

Context-Sensitive
Help ...

... Activating

Note

With the context-sensitive help, you can find information directly connected to
the selected object. As the slide shows, the object can be a system function or it

can be an STL instruction in a block, for example.

You can activate the context-sensitive help from any tool by select
relevant object and then pressing the F1 function key.

ing the

Use the "Help on STEP 7" button to jump from the context-sensitive help to the

general help.

You can find additional information on STEP 7 in the electronic manuals.
Choose the following menu options to open the electronic manuals:

Start -> Simatic -> Documentation

SITRAIN Training for

Automation and Drives
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Exercise: Creating a Project
-I
?‘ﬁ. A
K] SIMATIC Manager
File FLC “isw Options ‘Window Help New Project x|
New,.. Ctrl+h - o —
New Project’ Wizard. . Azer projects | Libraries | Multiprojects
Open... Ctrl+0 Mame | Starage path |
Open Yersion 1 Project. .. GD_Communication  C:4S7_KurseA\GD_K.ommu
b ein_Projekt C:AST_Kurse\Mein_Pro
57 Memary Card D SERVZ CMS7_Kurse\Sere?
Memary Card File L4 SERVZ_ 321 C:AS7_Kurse\Serv2 320
SERVZ_325 CASY_CourseshSer?_32
Delets. .. S-RTO_2 C:AS7_KursebS_RTO_Z2
Reorganize...
Manage. ..
Archive. ..
Retrieve... ™| &dd to curent multiproject
Page Setup, .. Marne: Type:
Lateling fields. .. IMy_F'roiect <‘-— Enter project]
Frint Setup... ’ — |name here
1 Standard Library (Library) -- C:\Sismens|Step?|57ibs|Stdliba0 Elooelocaionlpsih) and confirm
2 SIMATIC_NET_CF (Library) - CriSismensiStep7|57libsisimaticn |D\5?—E°urses Browse... | with "OK
3 SERYZ_325 (Project) -- C:137_Courses\Servz_32
4 Accessible Nodes -- MPL
o | oo |
Exit Alt-+F4
Creates a new project or a new library. jl

SIMATIC S7

Siemens AG 2003. All rights reserved.

Task

What To Do

Notes

L] L
Date: 12.03.03 "‘ SITRA!N Training for
File: PRO1_03E.14 & Automation and Drives

Delete an old project and create a new project called "My_Project".

1. Start the SIMATIC® Manager

2. Delete the old project "My_Project" (if it exists):
File -> Delete -> User projects -> select "My_Project” in the list ->
confirm

3. Create the new project "My _Project"
File -> New... -> User projects -> enter "My_Project" in the Name box ->
confirm

A project represents all the components of an automated system. As a result, a
project can contain one or more hardware stations (programmable logic
controllers) that are networked using a bus system. Data can then be
exchanged between CPUs or communication cards.

In every station, you can install several intelligent modules (function modules or
with the S7-400™ up to 4 CPUs as well). These modules usually have their own
program folder assigned to them.

You can also create hardware-independent Step 7 program folders. This allows
applications to be programmed before the hardware is known. You can later
copy hardware-independent S7 programs or individual components (such as
individual blocks) to the hardware-dependent S7 program folder or download
them to the CPU without a problem.

SITRAIN Training for

Automation and Drives
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Exercise: Inserting an S7 Program

QSIMATIE Manager - [My_Project - C:'\57_Courses'My_Proje] 3 - |I:I|1|
@ File Edit | Insert PLC Misw Options Window Help -1=1x1
o Station » & " 7, =i
E < Mo Fiter > A =
e . =1 % B
2 M7 Program
57 Saftware 2
3 Progranm
57 Block F o
M7 Software 2
Smbal Table
Text library: 3
External Source. .
EJSIMATIC Manager - [My_Project - C:\57_Cou (=]
Inserts ST Program at the cursor position. @ File Edit Insert PLC ‘Wiew Options Window Help - |ﬁ'|1|
- y_Project Sources - iy Blocks
Symbolz
----- “{gH Blocks
Press F1 ko get Help. v
SIMATIC S7 Date: 12.03.03 ‘ SITRAIN Training for
File: PROL_03E.15 Automation and Drives

Siemens AG 2003. All rights reserved.

Task

What To Do

Result

Notes

Insert the S7 Program called "My_Program" into your project "My_Project" .

1. Insert an S7 Program
Select the project called "My_Project” -> Insert -> Program -> S7Program

2. Change the default S7 Program name "S7 Program (1)" to "My_Program":
Click the S7 Program twice (not a double-click!) -> write "My_Program"
over the old name

You created the hardware-independent S7 Program called "My_Program" in the
project called "My _Project". The OB1 block that is now in your "Blocks" folder
was automatically inserted. It has no instructions as of yet.

An S7 Program contains the following objects

» Blocks: where logic code is stored (OBs, FCs, FBs and DBs) that can later
be downloaded to the CPU

» Sources: for storing source programs that are created with text editors, for
example, for STL, S7-SCL or S7-HiGraph

» Symbols: where you declare symbols (names) for global S7 addresses such
as inputs, outputs, bit memories, timers, counters

SITRAIN Training for

Automation and Drives
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Exercise: Copying a Block from the Standard Library
EJSIMATIC Manager - My_Project (=]
File Edit Insert PLC ¥iew Options Window Help
DI 22| & (el di[e =] 2l E [<herie> =% %2l=| =M sl
r‘Standard Library -- C:\Siemens'Step 7,5 7lil - | Dlﬂ
— — —
Ela Standard Library &3 FES0 & FB& &3 FESZ &3 FES3 &3 FBE4
; Communication Blocks |23 FBSS &3 FBEE &3 FCao &3 FCa1 &3 FC2
IEC Function Blocks & FCE3 &% FCad &% FCEs &3 FCas & FCE7
Miscel.lann.eous Blocks & FCE38 &% FCa3 &% FCa0 & FEN & Fosz
Drgariization Blocks 3 Fras &3 Frad & FCs L3FCE &3 Foa7
:LDSC?OSUD' E'QCkSB i &3 FCas &3 FC100 g Foim &3 Foi02
=7 - orrverting Blocks FC103 FC104 FC105 FC106
Syztem Function Blocks = & & &
El{=1 TI-57 Converting Blocks
“{fH Blocks
-0l x|
‘Insert Function': was executed successfully For 1 of 1 objects, v
v -
SIMATIC S7 Date:  12.03.03 .5‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_03E.16 - Automation and Drives

Task

What To Do

Result

Notes

For later use, copy the FC105 block from the STEP7 "Standard Library" into the
Blocks folder of the S7 Program "My_Program" in the project "My_Project".

. Open the "Standard Library" in the SIMATIC® Manager:

File > Open... -> select the "Libraries" tab -> choose "Standard Library" in the
list -> confirm

In the project "Standard Library" open the Blocks folder of the S7 Program

"TI-S7-Converting Blocks"

Display your project called "My _Project" and the "Standard Library" at the
same time in two windows in the SIMATIC® Manager
Window > Arrange > Horizontally

Using drag & drop, copy the FC 105 block from the "Standard Library" into
your program folder "My_Program"

. Close the library.

The FC 105 block is stored in the Blocks folder of your S7 Program called
"My_Program" in addition to the still empty OB 1.

Libraries are used for storing blocks which contain standardized functions. You
can copy the blocks from the library into any project you wish. If the name
(number) of the block you are copying already exists, you can rename the library
block (number) when you insert the block into your program folder.

SITRAIN Training for
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Exercise: Performing a CPU Memory Reset and Warm Restart

Memory Re- 3
set Function Manually From the PG Qgﬂ;?\fg;‘%g e
- Mode selector - Mode selector - Mode selector in
in “STOP” position in “RUN-P” position “STOP” position
- Hold mode selector - Menu options: - Insert Memory Card
in “MRES” position PLC -> Operating (slow flashing of
Request until the “STOP” LED Mode -> Stop "STOP* LED indicates
Memory flashes twice (slowly) request for memory
Reset - Menu options: reset)
- Release mode PLC -> Clear/Reset
selector (returns
automatically to the
“STOP” position)
- Switch the mode - Confirm Memory Switch the mode
selector quickly to the Reset by clicking the selector quickly to the
Perform "MRES" position again “OK” button "MRES" position and
Memory and release (fast (fast flashing of release (fast flashing of
Reset flashing of "STOP* LED "STOP* LED indicates "STOP" LED
indicates memory reset memory reset being indicates memory
being performed) performed) reset being performed)
- Switch mode selector - Menu options: Switch mode selector
Perform to "RUN" or "RUN-P" PLC -> Operating to "RUN" or "RUN-P"
Warm Restar position Mode -> Warm Restart position

SIMATIC S7

Siemens AG 2003. All rights reserved.

Task

What To Do

Notes

Date:
File:

12.03.03
PRO1_03E.17

[\ L
"‘ SITRAIN Training for

Automation and Drives

You are to perform a CPU memory reset and check whether the memory reset

was successful.

» Carry out the memory reset according to the steps in the slide above

» Check the success of the memory reset. The memory reset was successful
when only system blocks (SDBs, SFCs, SFBs) are left in the CPU
in the SIMATIC® Manager, select the S7 Program folder "My_Program" ->
switch to the Online view using j’?;i!

When the CPU memory is reset, all user data in the CPU are deleted.
To make sure that no “old” blocks are left in the CPU, a memory reset of the
CPU should be performed. The following takes place during a memory reset:

* All user data are deleted
(with the exception of the MPI parameter assignments).

+ Hardware test and initialization

If an Eprom memory card is installed, the CPU copies the EPROM contents
back into the internal RAM after the memory reset.

If no memory card is installed, the preset MPI address is retained. If,
however, a memory card is installed, the MP| address stored on it is loaded.

The contents of the diagnostic buffer (which can be displayed with the PG)
are retained.

SITRAIN Training for
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Customize

SIMATIC® Manager Customizing Options

IJSIMATIC Manager N ] 5|
File PLC View | Options ‘Window Help

Chrl+Al+E

Language [General | Wiew I Eolumnsl Message numbersl Archivingl

ulste Modules

PP Interface. ..

X
— Storage location for projects/multiprojects _I
Language | General I Wiew I Columnz I Meszage numbers I Archiving
— Mational Language Mremanic:
— Storage location for librarie: |eng|ish Exarnple 1 Bl
|E:\S?_Eourses = German UE1D 540
i i (¢ English AlLO 5040
[ Open new ohisct autormaticaly
[T Archive automatically on opening project or [brary
¥ Save window anangement and contents at end of sezsion
v Offline window [ Online windaw
‘ Dieactivated system meszages:
Cancel Help
B .
SIMATIC S7 Date: 12.03.03 "‘ SITRAIN Training for

Siemens AG 2003. All rights reserved.

"Language" Tab

"General" Tab

"View" Tab

"Columns" Tab

"Message numbers"
Tab

"Archive" Tab

File: PRO1_03E.18 Automation and Drives

e Language: You can select the language you want to use for the SIMATIC®
Manager, menus, dialog boxes, help, etc. (Only the languages that have
been installed appear in the list.)

* Mnemonics: You can select the mnemonics you want to use for
programming the S7 blocks.

Basic settings for editing projects and libraries:
» Storage location for projects/multiprojects is where you specify the directory
in which you want to store your user projects.

» Storage location for libraries is where you specifiy the directory in which you
want to store your user libraries.

» Further options for inserting objects, opening projects and for window
arrangement will be dealt with later.

+ Deactivated system messages
By pressing the button “Activate” you can reactivate all system messages
that were switched-off in a window when the option “Always display this
message....“ was chosen.

This is where you specify how project objects are to be displayed on the screen.

This is where you specify which columns are to be displayed when the Detall
view is switched-on (see “Help®).

This is where you specify the type of message number assignment for future
new projects. The default setting “No default setting” should only be changed if
ProTool, WinCC or CPU messages are used.

The archiving of projects will be discussed in the Chapter “Documenting,
Saving, Archiving“.

SITRAIN Training for
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Hardware Configuration

8
%
q
]
L
4
4

® nY .
Sslelrnl\e/nIsAA\;rZIOOCS AI§g7hts reserved. Ei?et:e: é%?oogl?&El ‘!‘ f‘l‘;l;?”ﬁt'l‘!\’l‘ ::‘ng:g’;?
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Objectives

Upon completion of this chapter the participant will ...
be able to insert a hardware station into a project
be able to create a setpoint configuration and assign parameters to it
be able to read out an actual configuration and assign parameters to it

be familiar with the addressing of S7-300™ input and output modules

v .
SIMATIC® S7 Date:  12.03.03 “0‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_04E.2 =  Automation and Drives
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Hardware Configuration and Parameter Assignment

Ve

|:| D Configuration

Assignment of racks, blocks and distributed

I/0 in the Hardware Configuration tool.
You can select the components from a
hardware catalog.

\/

g

|:| D Parameter assignment

Parameter assignments such as retentive

areas, scan cycle time, and set-up of
analog input cards

Setpoint configuration

Planned hardware configuration and

parameter assignment.

C— o C B) (

Actual configuration

©

Actual configuration and parameter assignment

of existing hardware.

N/ W

SIMATIC® S7

Siemens AG 2003. All rights reserved.

HW Configuration

Setpoint
Configuration

Actual Configuration

Notes

Date: 12.03.03
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The modules are supplied from the factory with preset parameters. If these
default settings are OK, a hardware configuration is not necessary.

A configuration is necessary:

» if you want to modify preset parameters or addresses of a module (such as
to enable the hardware interrupt of a module)

» if you want to configure communication connections

» with stations that have distributed peripherals (PROFIBUS-DP)

» with S7-400™ stations that have several CPUs (multicomputing) or
expansion racks

» with fault-tolerant programmable logic controllers (option package).

When you configure a system, a setpoint configuration is created. It contains a
hardware station with the planned modules and the associated parameters. The
PLC system is assembled according to the setpoint configuration. During
commissioning, the setpoint configuration is downloaded to the CPU.

In an assembled system, the actual existing configuration and parameter
assignment of the modules can be uploaded from the CPU. This creates a new
HW station in the project.

A configuration upload is necessary, for example, if the project structure does
not exist locally at the PG. After the actual configuration is read out, you can set
parameters and add part numbers.

With the S7-400™, the CPU can be assigned parameters in such a way, that
when there are differences between the setpoint configuration and the actual
configuration, the CPU startup is interrupted.

To call the HW Config tool, there must be a hardware station in the SIMATIC®
Manager.

SITRAIN Training for
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EJSIMATIC Manager - My_Project

Station
Subnet
Program

57 Saftware
57 Block
17, Saftware

Symbaol Table
Text library:
External Source. ..

Toject
My_Pragram

{E] Sources

Inserting a Station

File Edit | Insert FLC ‘iew ©Options ‘Window Help

1 SIMATIC 400 Station
2 5IMA tion
3 SIMATIC H Station

4 SIMATIC PC Station
5 Other station

6 SIMATIC 55

7 PGIPC

I (=]

| < NoFiter>

=% 28l=| =(=2(m| e

Inserkts SIMATIC 300 Station at the cursor position,

® =4 SITRAIN Training for
ilrnl\e/nIsAA;rZIOOCS A|§g7hts reserved. é’ioo?’l(,)g454 ‘!‘ Automation and Dri?/es
Insert Station
You insert a new station in the current project by selecting the menu options
Insert -> Station -> SIMATIC® 300 Station or SIMATIC® 400 Station.

You can then change the name that is automatically given to this station -

"SIMATIC® 300 (1)" - to one of your choice.

SITRAIN Training for
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Starting the HW Configuration Editor

FJSIMATIC Manager - My_Project (=]
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- SIMATIC PC Based Control 3004400
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EESY 390-17770-0440 £,
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SIMATIC® S7

Siemens AG 2003. All rights reserved.

HW Config

Starting HW Config

"Hardware
Configuration"

"Hardware Catalog"

Date: 12.03.03

“ SITRAIN Training for
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File: PRO1_04E.5 -
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This tool helps you configure, assign parameters to and diagnose the hardware.

To start the HW Config tool:

« select a hardware station in the SIMATIC® Manager and choose the
Edit --> Open Object menu or

» double-click the hardware object. E“]

This is a window in the "HW Config" application you use for inserting
components from the "Hardware Catalog" window.

The title bar of this window contains the name of the project and the station
name.

To open the catalog:
« select the View -> Catalog menu or
» click the | icon in the toolbar.

If “Standard” is selected as the catalog profile, all racks, modules and interface
modules are available in the "Hardware Catalog" window.

You can create your own catalog profiles containing frequently used elements
by selecting the menu options Options -> Edit Catalog Profiles.

You can add Profibus Slaves that do not exist in the catalog later on. To add
slaves, you use GSE files that are provided by the manufacturer of the slave
device. The GSE file contains a description of the device. To include the slave in
the hardware catalog, use the Options -> Install New GSE Files menu and then
Options -> Update Catalog. You will find the new devices in the catalog under
Profibus, additional field devices.

SITRAIN Training for
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Generating a Hardware Setpoint Configuration

E{#:HW Config - [SIMATIC 300{1}) {Configuration) -- My_Projeck] — Ellil
Eﬂ]Station Edit Insert PLC Yiew Options ‘Window Help =l
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1
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Insertion possible

[cha 2

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Generating a
Setpoint
Configuration

Rack

Power Supply

CPU

Slot No. 3

"Inserting" Modules

L] L
Date: 12.03.03 "‘ SITRA!N Training for
File: PRO1_04E.6 &~ Automation and Drives

This means specifying how the modules are to be arranged in the rack. This
configuration, specified by you, is referred to as the setpoint configuration.

For example, you open a SIMATIC® 300 station in the Hardware Catalog.
Opening the "RACK-300" folder shows the icon for a DIN rail. You can insert this

in the "Hardware Configuration" window by double-clicking on it (or using drag &
drop).

Two rack component lists then appear in the two-part window: a plain list in the
top part and a detailed view with order numbers, MPI addresses and 1/0
addresses in the bottom part.

If a load current power supply is required double click or use drag & drop to
insert the appropriate "PS-300" module from the catalog in slot no.1 in the list.

You select the CPU from the "CPU-300" folder, for example, and insert it in slot
no. 2.

Slot no. 3 is reserved as the logical address for an interface module (for multi-
tier configurations).

If this position is to be reserved in the actual configuration for the later
installation of an IM, you must insert a dummy module DM370 (DUMMY).

From slot no. 4 onwards, you can insert a choice of up to 8 signal modules
(SM), communications processors (CP) or function modules (FM) from the
HardwareCatalog using drag & drop or with a double-click.

The slots on which the selected module can be inserted are automatically
highlighted in green.

SITRAIN Training for
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Slot No. —>

Addressing S7-300™ Modules

Modules —> Pps
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=
=
=
=
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= Address 0.0
= | < Address 0.7
= Address 1.0
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= /

=

=

=

=

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Slot Numbers

Slot 1

Slot 2

Slot 3

Slots 4-11

Note

Date: 12.03.03

‘1 SITRAIN Training for
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The slot numbers in the rack of an S7-300™ simplify addressing in the
S7-300™ environment. The position of the module in the rack determine the first
address on a module.

Power supply. This is the first slot by default.
A power supply module is not absolutely essential. An S7-300™ can also be
supplied with 24V directly.

Slot for the CPU.

Logically reserved for an interface module (IM) for multi-tier configurations using
expansion racks. Even if no IM is installed, it must be included for addressing
purposes.

You can physically reserve the slot (such as for installing an IM at a later date) if
you insert a DM370 dummy module.

Slot 4 is the first slot that can be used for /O modules, communications
processors (CP) or function modules (FM).

Addressing examples:
» A DI module in slot 4 begins with the byte address O .
* The top LED of a DO module in slot 6 is called Q8.0 .

Four byte addresses are reserved for each slot. When 16-channel DI/DO
modules are used, two byte addresses are lost in every slot!

SITRAIN Training for
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DI/DO Addressing in Multi-Tier Configurations
S  Rack PS IM 96.0 | 100.0 | 104.0 | 108.0 | 112.0 | 116.0 | 120.0 | 124.0 F]
3 (Receive) to to to to to to to to
o 99.7M(K03. 7Ma07. 7 W11 71 5. 7 1 0. 7 103 700 7. 7S
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o 2 67.70(070.7 W77 WkS.7 Wikz3.7 Wie7.7 WieL.7 WEes.7 Uil
ok PS v 2.0 Wizs o0 .ol ol .o Mils2.0 MiEs.o Wkco.0 1N
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) (Receive)| 10 to to to to to to to
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= PS | cpu | ™ 0.0 4.0 Wls.0 B 12.0lls.0 M=o M 24 ol 280
Rack (Send) to to to to to to to to
o 0 3.7 7.7 W1 7 s 7l 0.7 BO:. 7 o7, 78 s 7
Slot 1 2 3 4 5 6 7 8 9 10 11
SIMATIC® S7 Date: 120303 O SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_04E.8 Automation and Drives
Multi-Tier The slots also have fixed addresses in a multi-tier configuration.

Configurations

Examples:

Q7.7 is the last bit of a 32-channel DO module plugged into slot 5 of rack 0.
IB105 is the second byte of a DI module in slot 6 of rack 3.

QWSO is the first two bytes of a DO module in slot 11 of rack 1.

ID80 is all four bytes of a 32-channel DI module in slot 8 in rack 2.
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Module Address Overview
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Siemens AG 2003. All rights reserved.

Address
Overview

Views the I/O addresses of the station configured.
Select: View -> Address Overview ...

Abbreviations:
R Rack number
S Slot number of the relevant module

DP Relevant only when Distributed Peripherals (1/0) are used
IF Interface module ID when programming the M7 system (in C++).

SITRAIN Training for
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A HW Config - [SIMATIC 300(1) (Configuration) - My_Proj

Variable Addressing

Wiew Options Window Help
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= 0] UR
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1 P35 307 54
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3
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® nvY L
SIMATIC® S7 Date:  12.03.03 ." f'IRAt,'N Tranng for
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Slot dependent
Addressing

Variable
Addressing

What to Do

Note

The modules are assigned fixed slot-dependent addresses with the S7-300
(CPUs without DP interface) and S7-400™ (without hardware configuration).

With the S7-300™ (CPUs with integrated DP interface) and with the S7-400™,
you can assign parameters to the starting addresses of the modules.

When you double-click a digital or an analog module, the parameter assignment
screen is opened. After you choose the "Addresses" tab, you can cancel
"System selection". You can now define the starting address in the "Start" box. If
the address is already used, an error message is triggered.

Part process images can be defined only in the S7-400™. That way, specific
inputs and outputs (such as time-critical signals) can be combined into one

group. A system function triggers the updating of a part process image in the
user program.

After a CPU memory reset, the parameters, and therefore also the addresses
are lost. This means that the slot-dependent addresses of the S7-300™ or the
default addresses of the S7-400™ are valid once more.

SITRAIN Training for
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[y Station Edit Insert PLC

HW Config: Edit Symbolic Names, Monitor/Modify Variables

[B2Hw Config - [SIMATIC 300{1) (Configuration) -- My_Project]
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SIMATIC® S7 bate: 120303 W@l SITRAIN Traning o
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Edit Symbolic Names

Monitor/Modify
Variables

Product Support
Information

Note

You can directly access the symbol table from the "HW Config" tool. This allows
you to assign symbolic names to the inputs and outputs during hardware
configuration or at a later date when you can make suppliments or changes.
You open the symbol table with a right mouse click on the module. Select Edit
Symbolic Names in the follow-up box. A section of the symbol table with the
relevant addresses is then opened.

You can monitor or modify the addresses of the configured modules directly
from the HW Config tool. The signals of the input modules can be "checked" and

the signals of the output modules can be "controlled" using the Monitor/Modify
(Variables) function.

Directly from the Internet, you can fetch information on modules or components
from the Product Support pages. As well, it is also possible to update HW Config

by incorporating individual components such as new CPUs or new DP devices
into the current STEP 7 version.

Requirements:

The PG/PC has an Internet connection, a browser for displaying Internet pages,
and the function is enabled in the HW Config Settings along with the
specification of the Internet address.

"Symbolic Addressing" and the editing of symbol tables is dealt with in depth in
the "Symbols" chapter. The Monitor / Modify Variables function is dealt with in
the "Troubleshooting" chapter.
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CPU Propertires: Cycle / Clock Memory
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Cycle » "Scan cycle monitoring time (ms):"

- If this time is exceeded, the CPU goes into the STOP mode.
Possible causes why this time is exceeded: communications processes,
frequently from interrupt events, errors in the CPU program.

- If you have programmed an error OB 80, the scan cycle time is doubled.
After that, the CPU also goes into the STOP mode.

» "Cycle load from communication (%):"

- Communication (such as data transmission to another CPU through MPI
or test functions the PG/PC triggered) is restricted to the specified
percentage of the current scan cycle time.

- Restricting the cycle load can slow down communication between the
CPU and PG.

- Example: Restricting communication to 20% results in a maximum
communication load of 20ms for a scan cycle time of 100ms.

Size of the

With the CPU 318-2 and several S7-400™ CPUSs, you can specify the size of
Process Image

the process image (in bytes). The process image area always begins with input
and output byte 0.

Clock Memory Clock memories are bit memories that change their binary value periodically

(pulse-to-pause ratio 1:1).
Each bit in the clock memory byte is assigned a particular period/frequency.
Example of a flashing light with a flashing frequency of 2Hz:
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Save

Save and Compile

Consistency Check

Download in Module

System Data Blocks

You select the Station->Save menu to save the current configuration in the
current project (without generating system data blocks).
|Efu|:[||| icon

When you select the Station->Save and Compile menu or click the
in the toolbar, the configuration and parameter assignment data are
also saved in system data blocks.

You select the Station -> Consistency Check menu to check whether it is
possible to generate configuration data from the entries made.

You select the PLC -> Download menu or click the ﬂl icon in the toolbar to
download the selected configuration to the PLC.

The PLC must be in "STOP" mode!

The system data blocks (SDBs) are generated and modified when you configure
the hardware and compile the hardware configuration. SDBs contain
configuration data and module parameters. When a system data block is
downloaded, it is stored in the CPU'‘s work memory.

This makes it easier to replace modules, because the parameter assignment
data is downloaded to the new module from the system data blocks on startup.

In the programming device, the system data blocks are saved under: Project \
Station \ CPU \ S7_program \ Blocks \ System data.

You double-click the System data briefcase
data blocks.

to see the list of system

If you use a memory card as Flash EPROM, you should save the SDBs there as
well. That way, the configuration is not lost if you operate without battery backup
and there is a power failure.
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Introduction

Actual Configuration

Uploading to PG/PC

Storage on PG/PC

Note

A configuration is necessary only in the following cases:
 if you want to modify the basic module settings
+ for stations with distributed I/O
» for S7-400™ with several CPUs or with expansion racks.

You can read out the actual configuration from the CPU and look at the set
parameters in an existing system.

During startup, the CPU generates an actual configuration. That is, the CPU
saves the arrangement of the modules and allocates the addresses in
accordance with a fixed algorithm. If no parameters have been assigned, the
default parameters defined at the factory are used.

The system stores this actual configuration in system data blocks.

There are two ways of uploading the actual configuration to the PG/PC:

1. In the SIMATIC® Manager:
select the PLC -> Upload Station menu.

2. In the HW Config tool: =
select the PLC -> Upload menu or click the Iﬂl icon.

The actual configuration read from the hardware is inserted as a new station in

the selected project on the PG/PC.

When you read out the actual configuration, the order numbers of the modules
cannot be completely identified. For this reason, you should check the
configuration. If required, insert the exact module type of the existing modules.
To do so, choose the module, and then select the Options -> Specify Module
menu.
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Exercise: Upload Actual Configuration to the PG/PC and Rename It

QSIMATIE Manager - [My_Project -- C:'\57_Courses'My_Proje]
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----- “{gH Blocks

Press F1 ta get Help,

Uploads the curren I

Hardware

F L

Cancel Help
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To upload a PLC's hardware configuration. Since the project called "My _Project"

does not yet have a HW Station, you are to read out the actual PLC
configuration from your training area. Rename the newly created hardware
station in the project "My _Station".

Start the SIMATIC® Manager and open your project called "My _Project”

* Loadthe actual configuration from your training area into your project;
in SIMATIC® Manager -> highlight My_Project -> PLC menu -> Upload

Complete the follow-up dialog box as shown in the slide above. If no
"Accessible Nodes" are visible, you must click "Update".

« Rename the newly created "SIMATIC® 300(1)" hardware station

Click twice on "SIMATIC® 300(1)" (not a double-click !) and type

Task

What To Do .
Station -> OK
"My _Station"
"My _Station"

Result

In your project called "My_Project" you now have a hardware station called

"My_Station" and the hardware-independent program called "My_Program" (see
bottom picture of slide).

SITRAIN Training for

Automation and Drives
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Exercise: Adapting the ACTUAL Configuration
[BXHw Config - [My_Station I ] 54
@l Station Edit Insert FLC Wiew Gptions Window Help == x|
Iql || '| el als | enleml @l Al
D= %Q Igl'l" @I specify Module él
= (0] IR . i’
1— Selection of the Module [Name/Order No.):
2 CPU 314 Short Description Firrnvare:
3 D03 Tl [{3 ]
4 F IR DO7T6xACT 200 /058 BEST 322-1E
5 00300 DOTEwACT 200 /230058 BEST 322-1FHO0-0RAD
3 ., DI0-300 DO Bt C2300 4280, BESY 322-1FF01 0480
= D0 8xa T 20/2300W 18 BESY 322-1FF81-0880
’ ? Al-300 D08 Relay BES7 322 HF10H1440
8 D08 Relay BESY 322-THFB0-044A0 =
D016x Relay BESY 322-1HHOO-0AAD _I_I
il DO16xRel ACT200/2300W BEST 322-1HHO1-0AAD k
DO8«DC48-1254 /.54 EEST 322-1CFB0-0a40
&= v DOTBDL2N 05 BEoy 2215HM aA0
Slot WModule DO164DC24Y /054 EEST 322-1BHE1-0a40 LI e
1| Drigital output module D032 24 / 0.5 A, grouping 8 ;I o
7 Wose K]
3
4 | pizzoca
5 [? D030 o | Cancel | Hep | s
E ? DIO-300
7|7 A0 | | | !304...30? | |
Press F1 to get Help, ’7’5 v
SI MATl C® S? ate: B4 SITRAIN Training for
Siemens AG 2003. All rights reserved. E"eti . é'%oo:)‘ll?g“E-lG ‘!‘ Automation and Drives
Task The ACTUAL configuration read out with "Upload Station" is incomplete
because several module order numbers are missing. These numbers are
necessary to clearly identify and assign parameters to the modules. You are to
enter the order numbers of the modules of your training area (located on the
bottom, outside module cover) in the uploaded "actual configuration".
What To Do 1. Start the HW Config tool
SIMATIC® Manager (Offline view) -> select HW Station called "My _Station"
-> double-click "Hardware" icon
2. Update the modules with correct order numbers
double-click each signal module -> in the dialog box "Specify Module",
choose the correct part number for the modules on your training area ->
confirm the follow-up "Properties” dialog box with OK (since the preset
standard parameters do not have to be changed).
3. Only if your training unit is an S7-400™:
Specify the module addresses so that they correspond to those of an
S7-300™ training unit with 32 channel modules (see slide)
double-click on Module -> specify the address in the Properties dialog box
4. Save and compile the adapted ACTUAL configuration
Station -> Save and Compile
5. Download the adapted ACTUAL configuration to the CPU
PLC -> Download
6. Exit the HW Config tool
Result The hardware station called "My _Station" in your project called "My _Project"
corresponds to the main rack of your training unit.
Note If the training unit has a subnet (Profibus), this portion of the configuration will be
completed in the next chapter.
SITRAIN Training for ST-7PRO1
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Exercise: Copy Block from "My _Program*

=8 My_Station
. CPU 314
- 57 Pragram [6)

QSIMATIE Manager - [My_Project -- C:\S7_Courses’)| - |I:I|1|
@ File Edit Insert PLC Yiew Options “Window Help - |ﬁ'|ﬂ

D|=| 2%&| & |e=le ol = 25 2 5 [ NoFiter »
% My_Project System data o OB

QSIMATIE Manager - [My_Projeckt -- C:\57_Courses’ - |I:I|1|
£9 File Edit Insert PLC Visw Options ‘Window Help =g

FCI05 @

Press F1 to get Help,

glgl o Gl N = et T R B

| < Mo Filter »
Myl

Project Sources Blocks
=-E My_Station Syrbols
E| [ crusid @
E|" My Program

; @ Blacks QSIMATIE Manager - [My_Project - C:\57_Courses',M _(ol x|

E| - Mu_Program @ File Edit Insert PLC Yiew Options “Window Help - |ﬁ'|ﬂ

(@ D] 82 uin| [5 25 )5 = [<NoFter>
% My_Project %System data o DB1

Press F1 to get Help, = My Station 3 FOI05
B @ cru s
=8 - ty_Program

Press F1 to get Help, [ [ &~

SIMATIC® S7

Siemens AG 2003. All rights reserved.
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The CPU S7-Program(x) created by the "Upload Station" is to be used as the
storage location for your user blocks from now on. The blocks created in your

What To Do

hardware-independent program called "My_Program" are therefore to be copied
into this new S7 program. You are then to delete your originally created
hardware-independent S7 program which you called "My_Program". Then you
are to rename the S7 program assigned to the CPU as "My_Program".

(also see the steps in the slide above)

1. Using drag & drop, copy all blocks from the Blocks folder of the S7 program

Result

called "My_Program" into the Blocks folder of the CPU assigned program
"S7-Program(x)".

Rename the CPU assigned S7-Program(x) as "My_Program".

Delete your original hardware-independent program "My_Program".
Verify that the structure of your project corresponds to picture three above.

Your project contains the hardware station called "My_Station" with a CPU

whose S7 program is called "My_Program". This project structure corresponds
to that of your training area.

SITRAIN Training for
Automation and Drives
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Exercise: Assign Parameters to CPU Clock Memory and Test

FIJ-,EHW Config - [My_Station {Configuration} -- My_Project] - |I:I|1|
@lp station Edit Insert FLC View Options ‘Window Help =181xI

Dlilg |. |@,n| _I .lél | | |E| Properties - CPU 314 - {(R0D/52) ll

Time-of-Day Interupts I Cyclic | nterupt | Diagnostics/Clock I Frotection I Commurication I

General | Startup CycledClock Memory | Retentive Memary I Intermupts
- ~ Cycle
4 [d DIaz«DCrdy ¥ Update OB process image eyclicall
5 ] DO22:DC24v/054
E |d DI8/D0824v/0.54 Scan Cycle Monitoring Time [ms]: 150
; d aiza28it tinimum Sean Cocle Time [ms]: ID
q Scan Cycle Load from Communication [%]: I 0
10 Size of the Process [mage I l
< | 0B85 - Call Up at 1/0 Access Eror: INo 0B85 call up j
PELE
Module Order number - Clock Mermnary
PS 307 54 BES7 307-1EADD-0AAD ¥ Clack memary
CPU 314 BESY 314-1AE04-04B0 Memary Eipte: lw—
DI M\far [@Wariable tablel DNLINE] i : =l x|
bt ¥ Table Edit Insert PLC Varisble View Options ‘Window Help =

DI

Press F1 toget |4 ME  10{BIN

% DIcs|| & |mle[o]] x| [Es 8] K| Sfe w64 ]
,‘;Address Display Format | Status walue Modify value |
2#1001_1001 v
2]
IMy_PrajectiMy_Station <> [Rdn [abs < 5.2 4

SIMATI C® S7 Date: 12.03.03 ‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_04E.18 Automation and Drives
Task Assign parameters to the CPU clock memory byte. Choose memory byte

MB 10.

Then check the success of your parameter assignment with the Monitor/Modify
Variable function.

What To Do: .

Start the HW Config tool
SIMATIC® Manager (Offline view) -> select the HW Station called
"My _Station" -> double-click the "Hardware" icon

In the HW Config editor, open the CPU's Object Properties window. Double
click the CPU icon. Select the Cycle / Clock Memory tab and activate the
Clock Memory by selecting it (click on the box).

Enter 10 in the Memory Byte window and confirm.

Save and compile the modified configuration
Station -> Save and Compile

Download the modified configuration into the CPU
PLC -> Download

Exit the HW Config tool

Monitor MB10 in the "binary" display format to see the individual flashing
frequencies

in the SIMATIC® Manager select "My _| Program” -> PLC menu ->
Monitor/Modify Variable -> enter MB 10 in the variable table address field ->
right mouse click on "Display format" -> specify binary -> activate the
function using the Monitor variable EI button.

SITRAIN Training for

Automation and Drives

ST-7PRO1
Page 18 Hardware Configuration



SIEMENS

CPU Properties
E{-,I:HW Config - [My_Station {Configuration} -- My_Project] - |I:I|1| |
@l station Edt Insert PLC View Ophions Window He Properties - CPU 314 - (R0/52) x|
2 |E Lo i E
& | = @H‘ @I ﬂlﬂl E Time-of-Day Interupts I Cyclic | ntemupt Diagnostics/Clock I Frotection I Commurication I
General | Startup | Cycle/Clock Memory I Retentive Memary I Interrupts
Short Degcription: CPU 314
3 ork memory 24 KB; 0.3 ms/1000 instructions; MPI connection;
3 [ Dizzacody ;né;lt}l}ggrs]conr:;;%;?gm _UZD to 32 modules; 57 Communication [loadable
5 [] DO32:DC24/0.54 LI
B [§ DIs/DO8x24%/0 54
7 FIEERED Order Mo/ firmware BESY 314-1AE04-04B0 /412
g I arne: 3
|
4| | i Interface
Type: P
:I:I [0 UR Address: 2
Slat Maodule Order number MNetwarked: Ma Properties. .. |
1 PS 307 54 BESY 307-1EADD-0AAD
2 CPU 314 BESY 314-1AE04-04B0 Comment:
3 =
4 DI32xDC24y BESY 321-1BLO0-0440
5 03220 C24% /0,54 EES7 322-1BLO0-0&A0 LI
5 D18/D08x244 /0.58 BESY 323-1BHO0-0440
7 Al8=12Bit BES7 331-7KF00-04B0
il ak. I Cancel | Help |
Press F1 to get Help, Z]
B L
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
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Assigning You assign parameters to the modules to adapt them to the requirements of the
Parameters process.
What to do:

1. Select a module in the station window.
2. Double-click the selected module to open the "Properties" dialog window.

3. This dialog window contains nine tabs in which you can assign parameters
for the various CPU characteristics (see next pages).

SITRAIN Training for ST-7PRO1
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General

Short Degcription:

Order Mo/ firmware

Properties - CPU 314 - {(R0D/52)

Time-of-Day Interupts I Cyclic | nterupt
| Startup |

CPU Properties: General

X

Diagnostics/Clock I Frotection I Commurication I

Cycle/Clock Memory I Retentive Memary I Interrupts |
CPU 314

F/ork memory 24 KB; 0.3 mz/1000 instructi
F

Properties - MPI interface CPU 314 (RD/S52)

multitier configuration up to 32 modules; 57 General  Parameters I
Bs/FCs); firnware ¥1.2

Address: |2 vl
BES7 314-1AE04-04B0 /41,2 Miahiest e T

Tranzmizzion rate: 187.5 Kbps

Subret:

- nok networked -

Mew...

Froperties... |

MPI[T)

187.5 Kbps

Name: |cPU 314
 Interface

Type: P
Address: 2
Camment;

Delete |

Ok |

Cancel

Help

SIMATIC® S7

Siemens AG 2003. All rights reserved.

"General" Tab

MPI Address

SITRAIN Training for
Automation and Drives

Date:
File:

12.03.03

ol
PRO1_04E.20 <

The "General" tab page provides information about the type of module, its
location and, in the case of programmable modules, the MPI address.

If you want to network several PLCs using the MPI interface, you must assign a
different MPI address to each CPU.

Click the "Properties" button to open the "Properties - MPI Node" dialog
window, which contains the "General" and "Parameters" tabs.

SITRAIN Training for
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CPU Properties: Startup
Properties - CPU 314 - {(R0D/52) ll
Time-of-D'ay Intermupts | Cyelic Intermapt Diagrostics/Clock I Protection I Communication I
General Startup | Cycle/Clock Memory I Retentive Memary I Interrupts
¥ | Startup when expected/actual configuration differ
¥ | Fieset outputs at bt restart
¥ Dizable hot restart by operatar [for example, from PG
o communication ok (far example, from WP stations].
— Startup after Power On
= Hot restart % \Wam restart = Cold restart
— Monitaring Time for
"Finished" meszage by modules [100 ms]: E&0
Tranzfer of parameters to modules [100 ms]: 100
Hat restart [100)ms]; ID
Cancel Help

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Startup
Characteristics

Startup if Setpoint
Configuration Not

Equal to Actual
Configuration

Warm Restart

Cold Restart
(only S7-400™)

Hot Restart
(only S7-400™)

Monitoring Times

Date: 12.03.03
File: PRO1_04E.21
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The S7-300™ and S7-400™ CPUs have different startup characteristics. The
special features of the S7-400™ will be dealt with in a later chapter.

Only with CPUs with integrated DP interface (and S7-400™) can you use the
"Startup when expected/actual configuration differ" checkbox to

decide whether the CPU should start up if the setpoint configuration is not the
same as the actual configuration (number and type of modules installed).

The other S7300™ CPUs go into RUN when the setpoint configuration is not the
same as the actual configuration.

The S7-300™ only recognizes the "Warm restart" startup. New S7-CPUs also
recognize "Cold restart". All non-retentive addresses (Pll, PIQ, non-retentive bit
memories, timers, counters) are reset (overwritten by 0) and the cyclic program
execution starts at the beginning.

Cold restart behaves the same as Warm restart, except that ALL - even the
retentive memory areas - are reset.

All - even the non-retentive - memory areas retain their contents and program
execution restarts where it stopped.

"Einished message by modules (x100ms):"

Maximum time for all modules to issue a Finished message after power ON. If
the modules do not send a Finished message to the CPU within this time, the
actual configuration is not equal to the setpoint configuration. For example, in a
multi-tier configuration, all power supplies can be switched on within this time
without paying attention to a particular sequence.

"Transfer of parameters to modules (x100ms):"

Maximum time for "distributing" the parameters to the parameter-assignable
modules (timing begins after "Finished message by modules"). If, after the
monitoring time has run out, all modules have not been assigned parameters,
then the actual configuration is not equal to the setpoint configuration.

SITRAIN Training for
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CPU Properties: Retentive Memory
Properties - CPU 314 - {R0D/52) ll
Time-of-D ay [ nterupts I Cyclic Intermpt Diagnostics/Clock | Protection | Communication I
General | Startup I Cycle/Clock Memory Retentive Memory Interupts
— Retentivity

Mumber of Memory Bytes Starting with MEBD:

Mumber of 57 Timers Starting with T0: ID—

MNumber of 57 Counters Starting with CO: I8

/T Aiea
DE Ma. Bute Address Mumber of Bytes

Retentive Area 1: |1 |D |D

Retentive Area 2: |1 |U |D
Relevant only if CPU Retentive frea 3 1 Jo jo
has no backup |:>.< Retentive Area 4: [i [o [o
batte ry Retentive Area 5 |1 |D |D

Retentive Area B: |1 |D |D

Retentive Area 7: |1 IU IU

Retentive Area 8 |1 ID ID

.
Cancel Help
SIMATIC® S7 ome 120509 oI SN e

Siemens AG 2003. All rights reserved.

Retentive Memory

Warm Restart with
Backup Battery

Warm Restart
without
Backup Battery

Note

The "Retentive Memory" tab page is used for specifying the memory areas to be
retained after a power failure or during the transition from STOP to RUN.

A "complete restart" is performed in both cases on the S7-300™.

On warm restart, the blocks stored in the battery-backed RAM (OB, FC, FB, DB)
as well as the bit memories, timers and counters defined as retentive
are retained. Only the non-retentive bit memories, timers and counters are reset.

If the RAM is not battery-backed, the information in it is lost. Only the bit
memories, timers and counters defined as retentive and the retentive data block
areas are saved in the non-volatile RAM area.

After a warm restart (without battery backup), the program must be downloaded

again:
» from the memory card (if inserted) or

» from the PG/PC (if no memory card exists).

For CPUs delivered after 10/2002, a backup battery is no longer necessary. All
retentive data are saved on the MMC card in case of a power failure.

SITRAIN Training for
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CPU Properties: Protection

Properties - CPU 314 - {(R0D/52) ll
General I Startup I Cycle/Clock Memary I Fietentive kMemary I Interupts I
Time-of-Day Interrupts | Cyclic | ntemupt | Diagnostics/Clock Pratection | Communication
r Level of Pratection —Mode
& 1 Kepawitch Setting
[ Removable with Password " Process Mode
. 5 Fermitted |nerease it
2 wiite-Pratection San Cycle Time by Test Functions: I 5 ms
3 wiite-/Read-Protection
Password: ' TestMode
Enter &gair:
Cancel Help
L] L
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
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Default Setting Default setting (protection level 1; no password assigned):

The keyswitch position on the CPU determines the protection level:
» Keyswitch in RUN-P or STOP position: no restrictions
» Keyswitch in RUN position: read-only access possible!

Password If a protection level was assigned with a password (only valid until a memory

reset), a "person who knows the password" has reading and writing access.

"The person who doesn't know the password" has the following restrictions:

» protection level 1:  corresponds to the default setting

» protection level 2:  read-only access possible, irregardless of the keyswitch
setting

» protection level 3:  neither reading nor writing access possible, regardless
of the keyswitch setting.

Characteristics of a Password-Protected Module in Operation

Example: if you want to execute the "Modify Variable" function, you must enter
the password for a module that has been assigned the protection level 2
parameter.

Access Rights You can also enter the password for a protected module in the SIMATIC®
Manager:
1. Select the protected module or its S7 program
2. Enter the password when you select the PLC -> Access Rights menu. The
access rights, after a password has been entered, is only valid until the last
S7 application is completed.

Mode The cycle load for test functions depends on which of the following modes you
select.
In Process Mode, test functions such as "Monitor" or "Monitor/Modify Variable"
are restricted so that the scan cycle time can not be exceeded. Testing with
breakpoints and single-step (program execution) cannot be performed.

In Test Mode, all test functions through the PG/PC can be used without
restrictions, even if the scan cycle time is greatly increased.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 23 Hardware Configuration



SIEMENS

CPU Properties: Diagnostics / Clock

Properties - CPU 314 - {(R0D/52) ll
General I Startup I Cycle/Clock Memary I Fietentive kMemary I Interupts I
Time-of-Day Interupts | Cyclic Interupt— Diagnostics/Clock | Protection | Commurication

— System Diagnostic:
I~ | Expanded furictiors
¥ Fieport cause of STOP
I~ | &cknowledament-tingered reparting of SFE32-35

 Clock
Synchronization Synchronization Mode Time Interval
In the PLC: INDne j INone j
On MPI: INone j INone j
b Fl: INDne j INone j
Cormection factor: ID ms
Cancel Help
® nvY L
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System Diagnostics System diagnostics record, evaluate, and report errors in the programmable
controller. Examples of errors include an error in te CPU program, a module
failure, and wire break for sensors and actuators. If the "Report cause of STOP"
checkbox is deactivated (not checked), no message is sent to the PG/PC or OP
when the CPU goes into Stop mode ("CPU Messages").

The cause of the stop is still entered in the diagnostic buffer.

Clock For synchronizing the clocks in networked devices. The CPU'’s clock can be
synchronized in the programmable controller (internally), on the MPI
(externally), or on the MFI (externally, using a second interface).

« The Synchronization type specifies whether the CPU clock should be used
to synchronize the clocks of other CPUs. (The setting options depend on
the CPU used.)

¢ The Time interval selects the time intervals within which the
synchronization is to be carried out.

e The correction factor compensates for a loss or gain in the clock time
within a 24 hour period. Positive or negative millisecond values can be
specified.

Example: If the clock is 3 seconds fast after 24 hours, this inaccuracy
can be corrected with the "-3000ms" factor.

SITRAIN Training for ST-7PRO1
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CPU Properties: Communication
Properties - CPU 314 - {(R0D/52) ll
General I Startup I Cycle/Clock Memary I Fietentive kMemary I Intermupts |
Time-of-Day Interupts | Cyclic Interupt | Diagnostics/Clock | Protection  Communication
Connection Resources Reserved for
PG Communication: |1—
OF Communication: |1—
57 Standard Communication: I?
I awimum Murnber of Connection Resources: 12
Cancel Help
L] L
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Communication The communications tab allocates the CPU’s connection resources for data

exchange over the subnets (MPI, PROFIBUS, etc). S7 functions (mainly
integrated in the CPU’s operating system) control communication between
CPUs, HMIs, and programming devices.

Every communication connection occupies a connection resource on the S7-
CPU. Depending on the technical specifications, a specific number of possible
connections are available to every S7-CPU.

When communication services log on, the connection resources are occupied in
the sequence of the log on.

So that the occupation of these resources is not dependent only on the
sequence of the log on of the various communication services, you can also
reserve communication resources for the following services:

 PG/PC Communication and OP Communication
e S7 Standard Communication

At least one connection resource each is reserved for the PG/PC and OP
communication. Smaller values are not possible.

Other communication services, such as S7 Communication with PUT/GET
functions, cannot occupy these connection resources even if the services make
their connection first. Instead, still available connection resources are occupied
that were not specifically reserved for a service.

Note The "Interrupts”, "Time-Of-Day Interrupts" and "Cyclic Interrupt” tabs are
discussed in the "Organization Blocks" chapter.

SITRAIN Training for ST-7PRO1
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Block Architecture and Block Editor
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Objectives

Upon completion of this chapter the participant will ...

know the different types of S7 blocks

understand the principle of "structured programming"
know the meaning of the process images (Pll, PIQ)

be able to explain the principle of cyclic program execution

know and be able to select the STEP7 programming languages -
LAD, FBD and STL

be able to edit, save and download an S7 logic block into the CPU
using the LAD/STL/FBD Editor

be able to carry out a simple program debugging with the "Monitor
Block" test function

will be able to make customizations to the LAD/STL/FBD Editor

v .
SIMATIC® S7 Date:  12.03.03 “z‘ SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_05E.2 ~ Automation and Drives
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Types of Program Blocks
Operating System
pelatios DB DB
Cycle .
= OB / /
i < |FCs——_|FB SFC
Organization
Process Blocks
/ /
Error ~— | FB FC F———|SFB
Legend: Maximum nesting depth:
OB = Organization Block S7-300: 8 (16 for CPU 318)
FB = Function Block
FC =Function FB S7-400: 24
SFB = System Function Block
SFC = System Function EB with (2 to 4 additional levels for Error OBs,
DB = Data Block instance DB for each priority class)
SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_05E.3 ~ Automation and Drives
Blocks The programmable logic controller provides various types of blocks in which the

Organization
Block
OB

Function
FC, SFC

Function Block
FB, SFB

Data Blocks
DB

Permissible
Operations

user program and the related data can be stored. Depending on the
requirements of the process, the program can be structured in different blocks.

Organization blocks (OBs) form the interface between the operating system and
the user program. The entire program can be stored in OB1 that is cyclically
called by the operating system (linear program) or the program can be divided
and stored in several blocks (structured program).

A function (FC) contains a partial functionality of the program. It is possible to
program functions so that they can be assigned parameters. As a resullt,
functions are also suited for programming recurring, complex partial
functionalities such as calculations.

System functions (SFC) are parameter-assignable functions integrated in the
CPU's operating system. Both their number and their functionality are fixed.
More information can be found in the Online Help.

Basically, function blocks offer the same possibilites as functions. In addition,
function blocks have their own memory area in the form of instance data blocks.
As a result, function blocks are suited for programming frequently recurring,
complex functionalities such as closed-loop control tasks.

System function blocks (SFB) are parameter-assignable functions integrated in
the CPU's operating system. Both their number and their functionality are fixed.
More information can be found in the Online Help.

Data blocks (DB) are data areas of the user program in which user data are
managed in a structured manner.

You can use the entire operation set in all blocks (FB, FC and OB).

SITRAIN Training for
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Program Structure

Linear Program

Program Partitioned into Areas Structured Program

OB 1

Block OB 1)

All instructions are
found in one block
(usually in Organization

_ —-| Recipe A

—

OB1 ———-| Recipe B OB 1 -

— — ——| Mixer

\

Outlet

Reusable functions are loaded
into individual blocks.

The instructions for the indi-
vidual functions are found in
individual blocks. OB 1 calls the OB 1 (or other blocks) call
individual blocks one after the these blocks and pass on the
other. pertinent data.

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Linear Program

Partitioned
Program

Structured
Program

Date: 12.03.03

zv‘ SITRAIN Training for
File: PRO1_05E.4

Automation and Drives

The entire program is found in one continuous program block.

This model resembles a hard-wired relay control, that was replaced by a
programmable logic controller. The CPU processes the individual instructions
one after the other.

The program is divided into blocks, whereby every block only contains the
program for solving a partial task. Further partitioning through networks is
possible within a block. You can generate network templates for networks of the
same type.

The OB 1 organization block contains instructions that call the other blocks in a
defined sequence.

A structured program is divided into blocks. The code in OB1 is kept to a
minimum with calls to other blocks containing code. The blocks are parameter
assignable. These blocks can be written to pass parameters so they can be
used universally.

When a parameter assignable block is called, the programming editor lists the
local variable names of the blocks. Parameter values are assigned in the calling
block and passed to the function or function block.

Example:
* A"pump block" contains instructions for the control of a pump.

» The program blocks, which are responsible for the control of special pumps,
call the "pump block" and give it information about which pump is to be
controlled with which parameters.

» When the "pump block" has completed the execution of its instructions, the
program returns to the calling block (such as OB 1), which continues
processing the calling block's instructions.

SITRAIN Training for
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Process Images

T N
| |

gi. PIQ_ S

Byte O

User

Program Byte 0

Byte 1

Byte 1

Byte 2

Byte 2

CPU Memory Area

- 4 CPU Memory Area

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Introduction

Pl

PIQ

User Program

Note

12.03.03
PRO1_05E.5

Date:
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The CPU checks the status of the inputs and outputs in every cycle. There are
specific memory areas in which the module's binary data are stored: PIl and
PIQ. The program accesses these registers during processing.

The Process-Image Input table is found in the CPU‘'s memory area. The signal
state of all inputs is stored there.

The Process-Image Output (Q) table contains the output values that result from
the program execution. These output values are sent to the actual outputs (Q) at
the end of the cycle.

When you check inputs in the user program with, for example, A | 2.0, the last
state from the PII is evaluated. This guarantees that the same signal state is
always delivered throughout one cycle.

Outputs can be assigned as well as checked in the program. Even if an output is
assigned a state in several locations in the program, only the state that was
assigned last is transferred to the appropriate output module.

SITRAIN Training for
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Cyclic Program Execution

Start-up block (OB 100)
Execution once after power ON, for example

1l

S LT Input
4’[ Start of the cycle monitoring time ] Module

i

Reading the signal states from the modules C:I
and saving the data in the process image (PII) ot
Q
o Execution of the program in OB1 >
Q L progre Block > Al0.1
O (cyclical execution) OB 1 > A0
D Events (time-of-day interrupt, hardware interrupts etc.) _ Q8. 0
?3 call other OBs, FBs, FCs, efc. | :
Writing the process-image output table K ]DI:> g Output
(P1Q) to the output modules = Module
SIMATIC® S7 Date:  12.03.03 .;v‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_0SE.6 - Automation and Drives
Starting The CPU carries out a complete restart (with OB100) when switching on or
when switching from STOP --> RUN. During a complete restart, the operating
system:
+ deletes the non-retentive bit memories, timers and counters.
» deletes the interrupt stack and block stack.
» resets all stored hardware interrupts and diagnostic interrupts.
 starts the scan cycle monitoring time.
Scan Cycle The cyclical operation of the CPU consists of three main sections, as shown in
the diagram above. The CPU:
» checks the status of the input signals and updates the process-image input
table.
» executes the user program with the respective instructions.
» writes the values from the process-image output table into the output
modules.
SITRAIN Training for ST-7PRO1
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Inserting an S7 Block
WJSIMATIC Manager - My_Project I (=]
File Edit | Insert FLC ‘iew ©Options ‘Window Help
= i » =
Dl Station ﬁl Ig_ = [Es X
Sutmet r .
General - Part 1 | General - Part 2| Calls I Attributes I
Pragram
57 Saftware e FCl
1 GOrganization Block Symbalic Name: I
17, Saftware 2 Function Block
3 Function Symbol Comment: I
Symbaol Table
) 4 Data Black Created in Language: LAD -
Text library: 2
Exbernal Saurce SRR e ;
6 Variable Table Project path: ; I
'ﬂi"-'My_Proiect -- C:457_Courses'My_Proje gft%r[z?:clt?catlon IC: 457 _CowrzesiMy_Proje
My_Project System data Code Interface
My_Station @FCI8 L pae created: 21/01/2003 09:2215
42 Wiiing Exercise Last madified: 21/01/2003 09:22:15 2140142003 09:22:15
Camment: ;I
=
Cancel | Help |
Inserts Function at the cursor position. S
Y .
SIMATIC® S7 Date:  12.03.03 “" SITRAIN Training for
File: PRO1_O05E.7 &~ Automation and Drives

Siemens AG 2003. All rights reserved.

Inserting a Block

With the appropriate "Blocks" folder highlighted, from a specific "S7 Program",
select the Insert -> S7 Block menu option to display a list of block types:
» Organization blocks (OB) are called by the operating system.
These blocks form the interface between operating system and user
program.

* Functions (FC) and function blocks (FB) contain the actual user program.
They enable a complex program to be divided into small, easy-to-follow
units.

» Data blocks contain user data.

After choosing the type of block you want, the "Properties" dialog box opens so
that you can enter the block number and choose a programming language (LAD,
STL or FBD).

There are other settings you can make, depending on the type of block, but
these will be discussed later.

When you have made your settings and confirmed them by clicking the "OK"
button, the new block is inserted in the current program.

SITRAIN Training for
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Declaration Table

=>

Code Section

=>

Detail Window

The LAD/STL/FBD Editor

IERLAD/STL/FBD - [FL16 -- My_Project'My_Station',CPU 314] o =]
{3 File Edit Insert PLC Debug VYiew Options ‘Window Help _|5||5|
Contents OF: ‘Environment}Interface
Interface |Name =
SR 0 I
-k OUT o OUT
F IN_OUT
: FE+ TEMP B
[#]- RETURM
S F2r RETURN =
FCle : Conwveyor Control d
: Jog Conveyor RIGHT _I

‘ L_MAN" “T_Jog_RT" “T_Jog_LT" “M_Jog_right”

| I I Vi (—

Hetwork 2 : Jog Conwveyor LEFT

‘ L _MAN" “T_Jog_RT" “T_Jog_LT" “M_Jog_left”

| I i I (—

Hetwork 3 : Return rejects

“M_LB_Edge (FC1 "M_auto_left”
"LE" 6by" "M Weight ok" =

L

11 ol 141 5 [, ¥
KIH| ,

’:| Address Block. Typ | Location Laocation Location ﬂ
|:> T[= Lman FC_Conveyar RM 1 A Wz /A
M_Jog_right FC_Conveyor R M 5 A0
T n 1T FC Cnnwesnr R nw 1 JaN W 2 /8 ﬂ
4 »
AP 1Emor A Znfo A 3 Crossieferences A 4 Addessinfo. A 5 Modify A B Disgnostics A 7 Comparison /.
® nY .
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
File: PRO1_05E.8 & Automation and Drives

Siemens AG 2003. All rights reserved.

Starting the Editor

Declaration Table

Code Section

Detail Window

The easiest way to start the LAD/STL/FBD Editor is by double-clicking on an S7

block in the SIMATIC® Manager.
The Editor has the following components:

The declaration table belongs to the block. This table is used for declaring
variables and parameters for the block.

The declaration table is discussed in detail in the "Functions and Function
Blocks" chapter.

The code section contains the program itself, divided into separate networks if
required.

A syntax check is made during instruction input (in STL) and in labelling
program elements or operation symbols.

The detail window provides the following functions and information:

1: Error:
lists the syntax errors found in the course of a context check or a compilation
procedure

2: Info:
gives additional information such as "expected data type of an address"

3: Cross references

a list of addresses used in the network and where they are used in the entire
program

4: Address info

enables you to monitor the addresses used in the network

5: Modify

enables you to modify the addresses used in the network

6: Diagnostics

display of existing data for process diagnostics (only if configured)

7: Comparison
Navigation with the function "Compare blocks"

SITRAIN Training for
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The STEP7 Programming Languages
STL
A 1 0.0
A 0.1
= 8.0
FBD 9
100 — &
Q8.0
10.1 — =
LAD
| 10.0 10.1 Q8.0
| | | | (
| |1 I \ )
® . 5 s raining for
Sslelrnlz/r!sAA\;rZIUl)% AI§g7hts reserved. Ei?et:e. $2R003£35Eg ‘!‘ Allj;l;l':ﬁt:(!\'i ;nd DIRI;S
Introduction There are several programming languages in STEP 7 that can be used

depending on preference and knowledge. By adhering to specific rules, the
program can be created in Statement List and later converted into another
programming language.

LAD Ladder Diagram is very similar to a circuit diagram. Symbols such as contacts
and coils are used. This programming language often appeals to those who
have a drafting or electrical background.

STL The Statement List consists of STEP 7 instructions. You can program fairly
freely with STL. This programming language is preferred by programmers who
are already familiar with other programming languages.

FBD The Function Block Diagram uses “boxes” for the individual functions. The
character in the box indicates the function (such as & --> AND Logic Operation).
This programming language has the advantage that even a “non-programmer”
can work with it. Function Block Diagram is available as of Version 3.0 of the
STEP7 Software.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 9 Editing Blocks
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Selecting the Programming Language
ELRD,."'STL."'FBD - [FC1 -- My_Project,My_Station',CPU 314] - IDIZI
{3 File Edt Insert PLC Debug | Yiew Options Window Help =l =]
= =9 B(g ¥ OvErviews Chrl+C 1z]s1 o 7] T 2 |
Dl & 1lliy e >4 [OE ] JH3H-0lm]s =] K|
b | PLCRegister [E=]
Inferface LAD Chrl+1
H-- G B Mew network
g8 FB blocks
FED Crl+3 1 i3 FC blocke
t Diata View gl SFE blocks
[+-10= RETURM * Declaration Yiew -{£H SFC blacks
il Wultiple instarces
Display wiith 4 Libraties
Zoom In Chrl+Mur -
FC1l : Title: Zoom Out Cerl-hum-
: Systew ON Ligh 200m Factor..
A I 0. « Tookbar
3 i} 4. Breakpoint Bar
AN L U o status Bar
E Q 4
HOF o Display Salumns... FL11
Update Yiew FS
unction blacks of the project BI
4 _’ILI Program elements |EE Call structure |
ﬁ'l Alalelrl, TErar A Zinfe i 3 Crossrefeences & 4 Addressinfo. A 5 Modife A G Disgrostics A 7 Comparison
i
hanges to the STL programming language in the current block, 2 |offline |Abs 5.2 |Mw 1 Insert (Chg 2
® nY L
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_OSE.10 - Automation and Drives

View

Switching the
Program Language

LAD/FBD => STL

STL => LAD/FBD

You choose the View menu to switch from one STEP 7 programming language
to another:

* LAD (Ladder Diagram)
» FBD (Function Block Diagram)
» STL (Statement List).

You can switch the programming language as you wish when you create as well
as later on.

You can convert program sections that have been written in the graphical
programming languages (LAD/FBD) into STL. You should, however, be aware
that the result of this conversion is not always the most efficient solution in
Statement List.

It is not always possible to convert program sections written in STL into LAD or
FBD. The sections of the program that cannot be converted are left in STL.

No sections of the program are lost on conversion.

SITRAIN Training for
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Programming in LAD/FBD

‘ "T_Systenw OH™

SR

| p—s3 Y
"T_%ystew OFF"
]—VI—R

[#

[

[*

[

[-{DB] DB call

[]--@ Jumps

(1] Inkeger function
[-{zR] Floating-point fct.
[ Mave

[#-{3r] Program contral
[-{g) Shift/Rotate
[H-{aiE] Status bits

[

[

[#

[

ﬁLAD,-"STL,.-"FBD - [FC15 - My_Project’My_Station,CPU 314] = Dlﬂ
i} File Edit Insert PLC Debug Wiew Options ‘Window Help ==
S e T T D e e e N T e e 2 T e o S T
|Cantents OF: ‘EnvironmentiInterface’
Intetface - |Name =
H- ﬂ'|IN
A= OUT = ]
[0 TM_OUT Overviews =
| .47 TEMD LI - IN_OUT LI
F9 Mew network -
FC15 : Mode section -G Bit logic
i“e‘t‘\;) g: System O ]m Cornparatar
"""""" -] Canverter
-1 Caunter
"L_STATEM™

Synbol information: ]--Eﬂ Timers
T_Systen 0N I0.0 -— Systen | | B-{Z Word logic
T_Systen OFF Io.l -- Hystem £-{H FE blocks ct
L_STSTEM n4.1 -- System F-H FC blocks
-{H SFB blocks
Hetwork 2 : MANUAL Mode (] SFC blacks
‘ Multiple instances
"5 M/A Modegel L_MaN" -Jiill Librarizs
ect” L "T_H/le_‘?ccept," SR ‘ %,
T | (M ] 0- 5 -
K| »
Zill |4| dl }lbl |\ 1: Error )\ 2: Info )\ 3 Cross-references ﬁ 4 Ej Program elements IEE Call stlucturel nostics )\ 7. Comparison /
¥
Press F1 to get Help, | S |offline [bs =52 | Insert A
® nY .
SIMATIC® S7 Date:  12.03.03 @1 SITRAIN Training for
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Elements

Overviews

Networks

Note

Empty Box

Insert / Overwrite

Frequently used LAD and FBD elements appear as icons in the toolbar. You
click them with the mouse to insert them at the selected position in the program.

Toolbar icons in LAD:

Toolbar icons in FBD:

1F -0 | L | [ ]

el el SR =

By clicking the "Overviews" symbol, a new window is opened with the following

contents:
Program Elements:

with all program elements and operation symbols.
(The contents of this window depends on the programming language -

LAD/STL/FBD selected)
Call Structure:

shows the program structure and/or the block nesting, which block is called from

where.

When you click the "New Network" icon

HH

in the toolbar, a new network is

added after the current network. You can also right mouse click and choose

"insert network".

If you want to insert a new network before Network 1, you must select the block
name ("FC1: Operating Mode Section" in the example above) before you click

the "New Network" icon.

You can use the Empty Box to insert LAD or FBD elements more quickly. You
can insert elements directly without having to select them from the Program
Elements browser. After you have selected the position in the network where
you want to insert an element, click the "Empty Box" icon in the toolbar.
When you enter the first letters of an element name, a list appears (beginning

with these letters), and you

can make a selection.

You use the "Insert" key to toggle between the "Cp" (overwrite) and "Insert"
modes. The current setting appears in the status bar.

SITRAIN Training for
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Programming in STL
HEHLAD/STL/FBD - [FC1 -- My_Project’,My_Station',CPU 314] (=]
i} File Edit Insert PLC Debug ‘Wiew ©Options ‘Window Help - |ﬁ'|ﬂ
Di(-@] @] 2l=l@] o] el of & <] TR £ -0l |- w|
i Contents OF: ‘Environment)Inkerface’ |
'@ Inkerface |Name
RSB I B Mew network
-0k OLT @ OUT €1 FB blacks
"’3‘ IN_OUT 3 N_OUT {£H FC blocks
- TEMP @ TEMP {€H FE blocks
-4k RETURN {€7 SFC blocks
0= RETURN o
; Al Mulkiple instances
" -l Libraries
FCl : Operating mode section j
i!‘égiw!‘:l:r:lg:i. : Systenm ON Light
F:y I 0.0
3 Q 4.1
4N I 0.1
R Q 4.1
NoP o
£
4 | | LILI Program elements |E_E Call stracture |
_-?jll [l AwMls_ 1:Ermor A Znfo A 3 Crossveferences A diAddiessinfo. A 5 Modfy A BiDiagnostics A 7: Comparison
Press F1 to get Help, 2 [offline labs <52 [Mw1 Insert [Chg 2
Si MATIC® S7 Date: 12.03.03 zv‘ SITRAIN Training for
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Statements The user needs to know the statements for writing a program in STL. You can
obtain information about the syntax and functionality from the online help:
Help -> Help on STL.
The following information is available:
(L "Statement List Instructions"”, a description of all the statements that
exist in this programming language
B/ "Working with Statement List", a description of
(2] Statement List View and General Syntax
2] Entering and Viewing Constant Data
[7] Types of Blocks
[7] Switch Contacts and Signal States
Overviews When you are using the STL Editor, the "Overviews" window contains only a list
of the existing blocks which can be called from the current block and the
libraries.
Networks Networks are inserted in the same way as in the LAD/FBD Editor (see previous

Insert/Overwrite

page).

You use the "Insert" key to toggle between the "Cp" (overwrite) and "Insert"
modes. The current setting appears in the status bar.

SITRAIN Training for
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Saving a Block

Current project directory with block name

iELAD/STL/FJll - [FC1 -- My_ProjectMy_Station'\,CPU 314] -0l x|
i3 Filz Edit ert PLC Debug Yiew Options Window Help = Elll
Ll
D[e(2-[@] S| & [Bl@] o] cilsl of & <D [T #2] SO0l =] W]
Conkents OF: ‘EnvironmentiInterface’ (=
b Interface [rame
g IN 1N B4 Mew network. =
: out o OUT -G Bit lagic
t IN_ouT s IN_ouUT B-{Z] Comparatar
- TEMP @ TEMP [-{ag) Converter
-0 RETURN - +)-(31] Counter
[-{08] D6 call
E-{E] Jumps
X X ﬂ -z Integer Function
.F;[i{...‘u.g?tatlng uode section [-{28)] Fioating-poink fct,
Hetwork 1: System ON Light (%) Move
........ E-38 Program contral
4.1 [-{z) Shift/Rotate
. {4 Status bits
‘ 10.0 SR [-{g8) Timers
? t E-{Z] ‘Waord logic
I0.1 g8 FE blacks
—F [#-{£H FC blocks
[/ - ~-{H SFE blocks j
il
4 I I

- =0 —
LI—I Program elements E: Call structure

5_|| [l 4A [ wil, 1:Emor A Zlnfa A 3 Crossreferences A A Addessinfo. A 5 Madfy A B Disgnastios A 7 Comparisc
m

Press F1 to get Help, 2 [offline labs 25,2 |1 Insert [Chg %
® Y L
SIMATIC® S7 Date:  12.03.03 “" SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_05E.13 - Automation and Drives

Saving a Block When you have finished editing a block, you can save it on the hard disk of the
programming device:

« by selecting the File -> Save menu option or
» by clicking the "Save" icon El in the toolbar.

Note If more than one block is opened with the Editor, only the block that is visible in
the active window is saved with the action "Save" .

SITRAIN Training for ST-7PRO1
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Calling aBlock in OB1

HEALAD/STL/FBD - [0B1 -- My_Project’,My_Station',CPU 314]

i} File Edit Insert PLC Debug ‘Wiew ©Options ‘Window Help

I [=[
=1l

D|=|3-d| & &[] o] cild| [a &) <> TR gl 30l | =] K2

x|

-

[#-{z8 Floating-paint fct,
(=] Move

[#-{36] Program control
[-{zg] Shift/Rotate
[
&
£

N ElD ,7 3] Status bits
e (@] Timers .
(22| Word lagic
-{CH FB blocks
ARty A Call FC 1 in STL [—:I@ FC blocks

" o -
i} FC16 FC_Canweyor
{F FC158 FC_Count

CALL FC 1

""" 0k FC105 FC_SCALE CONVERT

-{CH 5FE blocks
{£H 5FC blocks
----- Al Mulkiple instances

I:I-I--‘ Libraries
4

[

o

f

Bw

4 | | ,I Program elements |'E'.-;_E Call structure |
l_lll [Al4wM]s 1:Ermor A Znfo A 3 Cross-eferences A 4 Addiessinfo. A SModiy A BiDiagnostics A 7 Comparise
>
Press F1 to get Help, 2 [offline labs <52 [Mw1 Insert [Chg 2
® Y .
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Cyclic

Execution CPU, the block must be called in OB1.

To integrate a newly created block in the cyclic program execution of the

The simplest way of inserting the block call in the graphic programming
languages LAD and FBD is through the browser (see picture above). In the STL

programming language, the instruction for calling a block is CALL.

SITRAIN Training for
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Downloading Blocks into the PLC

QSIMATIE Manager - [My_Projeck - E:"-.,S?_l:ourses':{;_; - |I:I|1|
@ File Edit Insert PLC “iew Options Window Help - |ﬁ'|1|
0| 82l & ||| il 2| 2 [<HeFiter>
% My Project @System data |ﬂ| g E
=l My_Station E=3 0BT
BN =K = Fo [ > [ N
E|-- ty_Program o FC1E 0
(B Sources SFFCIS
“-{gH Blocks o3 Foi0s
"E’ 140 Corveyar
'E’ ‘wiring E xercize = o
Press F1 ta get Help, v
SIMATIC® S7 Date:  12.03.03 .;v‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_05E.15 - Automation and Drives
Downloading From the SIMATIC® Manager, download the blocks into the PLC by:

« clicking the@l icon or
« selecting the PLC -> Download menu option.

Before you do this, you must select the blocks you want to download:

» All blocks: Select the "Blocks" folder in the left pane of the
project window.

» Several blocks: Hold down the CTRL key and select the blocks you
want.

* One block: Select the block.

SITRAIN Training for ST-7PRO1
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BSILAD/STL/FBD - [FC1 -- My_Project'My_Station',CPU 314]
i} File Edit Insert PLC Debug Yiew Options Window Help
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Requirements

Activation /
Deactivation

View

Note

Before you can activate the monitoring mode, you must open the block you want
to monitor either offline or online with the LAD/STL/FBD Editor.

Note: In order to test a block in the offline mode, the block must first be
downloaded into the PLC.

There are two ways of activating/deactivating the "Monitor" test function:

» click the "glasses" icon EI
« select the Debug -> Monitor menu option.

The program status is displayed in different ways depending on the
programming language selected (LAD/STL/FBD).

When the monitoring function is activated, you cannot change the programming
language in which the block is viewed (LAD/FBD/STL).

You will find more information about testing programs in the "Troubleshooting"
chapter.
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Downloading and Saving Modified Blocks

=1ol x|
=& x|
DIE-I2~IHJ_I au-mg nIﬂl +‘HI | =
e S P o e ST 0 i S B
FC1 Operating mode section ﬂ

04.1
10.0 SR

:]l 4| _>l_I
= ; - : - ; :

Download #l [A[A[®Ip 1:Emor A 20nfa A 3 Crossreferences 4 Address info.

ii Press F1 to get Help. 2 |offline ab s

Si MATIC® S7 Date: 12.03.03 ‘v‘ SITRAIN Training for

Siemens AG 2003. Al rights reserved. File: PRO1_05E.17 Automation and Drives

Making Corrections  You can make corrections to blocks that have been opened either online or
to Blocks offline; however, not in the test mode.

* You normally download the modified block to the PLC, test the block, make
further corrections if necessary and finally save it on the hard disk when it
has been fully debugged.

» If you do not want to test the program immediately, you can first save the
changes on the hard disk. The old version of the block is then erased.

» If you make corrections to a number of blocks and don't want to overwrite
the original version of the program yet, you can download the changed
blocks to the CPU first without saving them on the hard disk of the PG/PC.
You can save them on the hard disk of the PG/PC when you have tested the
whole program successfully.

Insert/Cp (Overwrite) The insert mode is set by default for LAD or FBD. By pressing the "Insert (Ins)"
key, you activate the Cp (overwrite) mode. After that, you can, for example,
modify the type of timer (such as change ON delay to OFF delay), without
rewiring the inputs and outputs.

SITRAIN Training for ST-7PRO1
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Exercise: Jog Motor (FC 16)

HEALAD/STL/FBD - [FC16 - My_Project’,My_Station',CPU 314] (=] ]
i} File Edit Insert PLC Debug Wiew Options ‘Window Help -|ﬁ'|1|
Dl(-8] & &|m=l|| of«| ol o «f < TR | ol =] x|
= i
FCl6 : Conwveyor Motor Controlling
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>
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v .
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Task

What To Do

Switching the
Programming
Language

Using the simulator momentary contact switch | 0.2, you should be able to jog the
conveyor motor to the RIGHT (Q 20.5 or Q 8.5). Using the simulator momentary
contact switch | 0.3 you should be able to jog the conveyor motor to the LEFT (Q
20.6 or Q 8.6). If both momentary contact switches are pressed simultaneously,
then the conveyor motor cannot be set in either direction (Lock-out!).

1. Insert a new FC16 block in the SIMATIC® Manager,.
Select Blocks folder -> Insert -> S7 Block -> Function ->
in the Properties box choose FBD as the programming language

2. Start the LAD/STL/FBD Editor by double-clicking FC 16
Open the Program Elements browser in Overviews with EI

4. Edit Network 1 of FC16 (see slide)
using drag & drop, copy the required logic symbol from the Program Ele-
ments browser to the chosen spot in the code section of the block ->
label the addresses at the logic operation symbol -> to negate the address
scan, select the addresses and then | il

5. Add a new network using ﬂ and program Network 2 analog

6. Save the block offline using El

w

7. Download the block into the CPU using ﬂ

Also observe your block in the LAD/STL/FBD programming languages.
From the LAD/STL/FBD Editor -> View -> choose either LAD,STL, or FBD

SITRAIN Training for
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Exercise: Calling FC 16 in OB 1

IEILAD/STL/FBD - [OB1 -- My_ProjectMy_Station\,CPU 314] P =] [
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Task

What To Do

In OB 1, program the call of FC 16 so that it is cyclically executed.

1.

2.

Open the OB 1 block with the LAD/STL/FBD Editor

In the "View" menu, select the FBD programm

Open the "Program Elements" browser in Ove

ing language

rviews using EI

In the browser, open the "FC Blocks" folder and, using drag & drop, drag the

FC 16 onto Network 1 of OB 1.
Save the block offline using El

Download the block into the CPU using

[

Open the FC 16 block once more with the LAD/STL/FBD Editor

Test the FC 16 function using f'?'qu
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H H 1 . n n
Editor Customization: "General" Tab
HEHLAD/STL/FBD - [FC1 -- My_ProjectMy_Station',CPU 314]
L3 File Edit Insert PLC Debug Yiew | Options Window Help [Eegtimr x|
Dliﬂlgqlm gl % ||ﬂﬁ = neral |View | sTL | L2D/FED | Block | Sources | Source text |
= Compare On-foffline Partners - Font )
) ) Reference Data Font: Font Size:
F;E‘ZJ‘.““D‘pfrat,lng mode section Symhal Table Chrlea |E0ur|erNew |E Select... |
Hetwork 1): System ON Light
""""" r— Further optian:
[V Control at contact
04.1 [~ Report cross-refersnces as emmar
I0.0 SR ¥ Save window arangement on exit
I— 3 0 v Set netwark title automatically
I0.1 Mnemonics [Change: SIMATIC Manager Dptions: Customize): |English
_[/I—R
_-?jll [AlA[wpfs 1Emor A 2info A 3 Crossteferences A 4iAc
Changes various individual settings of this application, =
b Abbrechen | Hif |
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Font Here you select using "Select" the font and the size of the text to be used for

programming blocks.

Control at Contact Inputs and bit memories that were given the attribute CC (Control at Contact) in
the symbol table, can be controlled directly from the Program Editor using

buttons (on the contact).

Report Cross
References as Error

Here you can specify that global accesses to instance data blocks, that were
entered as such in the symbol table, be reported as errors.

Save Window
Arrangement on Exit

The contents and the arrangement of possibly still open windows are saved
when you exit. The next time you start, they are reestablished.

Set Network Title
Automatically

Here you can specify that the symbol comment of the first output, bit memory,
timer or counter address that is assigned a state in a network ("=", "S" and "R"),
be automatically used as network title.

SITRAIN Training for

Automation and Drives

ST-7PRO1

Page 20 Editing Blocks



SIEMENS

H H 1 . n H n
Editor Customization: "View" Tab
HEHLAD/STL/FBD - [FC1 -- My_ProjectMy_Station',CPU 314] o [m] 3
i} File Edit Insert PLC Debug “iew | Options ‘Window Help =121xI
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Compare On-Offline Partners
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—Wiew after Block Open
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Io.o SR I~ Symbol information
| I—S 0 ™ Automatic spmbol selection [for LAD/FBD]
0.1 [ Blockdnetwark comments
|/- B ¥ Address identification
- ¥ Permanently forced addresses (FORCE)
¥ Process diagnostic addresses [PDIAG)
“with background color: Select... |
—Wiew for Block, Typ
Logic Blacks: [ ata Blocks:
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Project IT_vDE and number j J
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L] L
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
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View after
Block Open

View for Block Types:

Logic Blocks

Data Blocks

Program Elements -
Overview

After opening with the Editor, you can display blocks as follows:
» with symbolic or absolute addressing

» with or without symbol information

» with or without symbol selection (only in LAD and FBD)

+ with or without block and network comments

» in the language in which they were written (language in which the block was
last saved) or in a preset language (LAD/STL/FBD).

You use the “STL", “LAD", “FBD” options to select the language in which you
want to write a new block.

Multi-instance function blocks are discussed in an advanced programming
course.

You can display data blocks in the following views:
declaration view or
e data view .

Here you can specify how logic blocks are to be sorted in the “Overviews"
browser - according to type and number or according to family name (entry in a
block's Properties dialog).
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H 1 H . n n
Editor Customization: "STL" Tab
Customize ll
Generall iew  STL |LAD.-"FBD| Block I Sourcesl Source textl
— Dizplay of the Status Field
¥ Statusz Bit [~ DB Pegister 1
¥ Fiesult of Logic Operation [ DE Fegister 2
[V Default Status [~ Indirect
[ Address Register 1 [~ Status word
[ Addrezs Register 2
™ Accumulator 2
[T Activate Mew Breakpaints Immediately
Default |
fbbrechen | Hire |
v .
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Status Fields

Note*

When you monitor the status of a block in STL, only the status fields you
activate in this dialog box will be displayed.
The following options are available:

Status Bit
Result of Logic Operation
Default Status

Address Registers *
Accumulator 2
DB Registers *

Indirect

Status Word
Default

Activate New Breakpoints
Immediately

The status bit is displayed.
The result of logic operation (RLO) is displayed.

A timer word, counter word or the contents of
Accumulator 1 are displayed - depending on the
operation used.

The address registers are used with indirect
addressing.

The contents of Accumulator 2 are displayed.

The contents of the relevant data block register
are displayed.

This display is possible only with memory-indirect
addressing.

The status word is displayed.

The “Default” button selects the standard system
setting for the Status field.

The status bit, RLO and standard status are
displayed.

This option is relevant only for the “Breakpoint”
test function.

The topics of “Indirect Addressing” , “DB Registers” and the structure of the
status word are discussed in an advanced programming course.
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Editor Customization: "LAD/FBD" Tab

Customize ll

Generall Wiew I STL LAD/FED IBIock I Sourcesl Source textl

~Layout—————————————————— Address Field ‘width
JIN & i ’7|14 3: [10-24)

— Element

Representation: |3-dimensional j
r Line/Colaor

Reference: I Status fulfiled j

Lineweight € Marmow & Medum  C Wide

Colaor: Select... |

¥ Tupe Check of Addresses

[v Display syrbol infarmation at address

Abbrechen Hire |
SIMATIC® S7 Date:  12.03.03 .;v‘ SITRAIN Training for
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Layout Here you select the print format:

* DIN A4 Portrait
» DIN A4 Landscape
e maximum size.

Address Field Width You can set the limit for the maximum number of characters in an address name
to a number between 10 and 24. This number changes the width of the program
element in LAD and FBD. With symbolic representation, a line break takes place
according to the Address Field Width.

Element The program elements can be displayed in different ways:
e 2-dimensional (without shadow)

e 3-dimensional (with shadow).

Line/Color You use this box to choose how you want the following to be displayed
» Selected Element (color)
» Contacts (line)
» Status Fulfilled (color and line)
» Status Not Fulfilled (color and line)

Type Check When you edit a block, the type of address entered in bit logic instructions is
always checked.
You can deactivate the Type Check of Addresses: for comparisons,
mathematical operations etc. ( for experienced users only! ).

Symbol Information If you activate this function, the symbol information is not overlaid at the lower
at Address edge of the networks, rather is overlaid directly at the address

SITRAIN Training for ST-7PRO1
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Editor Customization: "Block" Tab
x|
Generall Wiew I STL I LAD/FED  Black |Sources| Source textl
—With the Creation of a Block
[V Create reference data
r~ Create Logic Block: Generate Reference Data |
Language: * S5TL ¢ L&D ¢ FBD
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ez Ma Cancel Help
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fbbrechen | Hile
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Create Reference When you modify blocks and save them, the reference data is automatically
Data updated, if the "Create Reference Data" option in the "Create Block" tab is
checked.

If this option is not checked, the reference data is not updated at first. But the
next time you open: Options -> Reference Data -> Display, you must decide
whether you want to update the reference data and for which blocks.

Note: The topic "Reference Data" is discussed in detail in the "Troubleshooting"
chapter.

Create Logic Blocks Here you specify the default language (LAD/STL/FBD) for a new block.

SITRAIN Training for ST-7PRO1
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Editor Cutomization: "Sources/Source Text" Tabs

x|
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Sources

Compiling Sources

Source Text

It is possible to enter a program or parts of a program as an STL source (ASCII
sources). The source file can contain the code for one, several, or all blocks.
The STL source can then be compiled into executable S7 blocks.

Creating a program using a source has the following advantages:

* You can create and edit your source with any ASCII editor and then inport it
into STEP 7. The source can then be compiled into individual, executable S7
blocks with STEP 7.

» You can program several blocks in a source, whereby you can use the
advantages of the ASCI|I editors (such as find and replace one operation in
all blocks).

* You can save sources even with syntax errors. This is not possible when
creating logic blocks with the incremental LAD/STL/FBD Editor because of
the integrated syntax check. As a result, blocks can be programmed with
symbolic addresses before a symbol table has even been created. This is an
advantage when the wiring of the PLC has not yet been determined, for
example.

The source is created in the syntax of the "Statement List (STL)" programming
language. The structuring within the sources as well as within the blocks
themselves (declaration table, networks etc.) takes place using keywords.

In the "Sources" tab, you can select with which options executable S7 blocks are
to be generated from an STL or ASCII source. The individual options are
explained completely in the STEP 7 Online Help.

Here you select options of how the text is to be displayed in the source files. The
individual options are explained completely in the STEP 7 Online Help.
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Symbols

ﬁs;rmhol Editor - [My_Program (Symbols) - My_Project'My_Station'\,CPU 314] = Ellll
@ Symbol Table Edit  Insert  View Options Window Help = Ill
EBH S s B@ | o o ||arsmos RN

Status | Symbol Address /| Data bype Comment |~ |
1 P C_Disturbance Lol COUMTER Conveyor disturbance counter
2 C_Partz c 18 COUNTER Courter parts
g FC_Cpersting_Modes  ([FC 15 FC 15 System Onfoff, Mode selection
4 FiC_Comveyar FZ 16 FZ 16 Conyveyar control
5 P FC_ORFitMess FZ 17 FC 17 Opersting and Fault messages
=] FC_Count FZ 18 FC 18 Count parts, Compare ACTUAL [ SETPOINT Mumber of Parts
7 SCALE FC 105 FC 105 Scaling Values
3 P T_Svystem_ON | 0.0 BOOL System O Switch, Momentary Contact
9 T_System_CFF | 04 [=Lele System OFF Switch (M.C.), Momentary Contact
10 T_Jog RT | 0.2 BOOL Jog Conveyor Right, Momentary Contact
11 T_Jog LT | 03 BOOL Jog Conveyor Left, Momentary Cortsct
12 S_MiA_ModeSelect | 0.4 BOOL Operating Mode Man=0/Auto=1 Selector Switch
13 T_Mia_Accept | 0.5 BOOL Operating Mode Yerification Switch
14 T_Fault_Rst | 1.0 BOOL Fault Resst Switch, Momentary Cortact
15 LB | 5.0 BOOL Light Barrier st Conwveyar End (M.C.)
16 T_FE1 1 &1 BOOL Push Button st Bay 1, Momertary Contact [
17 T_PB2 | 5.2 BOOL Push Button at Bay 2, Momentary Contact
15 T_PBE3 | 8.3 BOOL Push Button at Bay 3, Momentary Contact
19 T_FB4 | 54 BOOL Push Button at Corwveyor End, Momertary Contact
20 BAYY | 8.5 BOOL Proximity Senzor at Bay 1
21 BAYZ | 56 [Slele Proximity Sensor &t Bay 2
22 BAYS | 8.7 BOOL Proximity Sensor at Bay 3
23 h_BCD W2 WIORD BCD Push Buttons - Input Word
24 2_Hz Mo 103 BOOL 2 Hz Flashing Signal
25 1_Hz M 105 BOOL 1 Hz Flashing Signal
26 M_Oh_Edlge Mo 154 [sLele Edlge memory bit System On
27 M_HAMD _Edge M 152 BOOL Edge memory bit HAND mode
28 MW_ALTO_Edge Mo 153 BOOL Edge memory bit AUTC mode
29 M_Disturbance_3 M 157 BOOL Memory bit 3. Conveyor disturbance
30 M_LB_Edge M 160 BOOL Edlge Memory bit Light Barrier vI
Press F1 to get Help, [ om
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Objectives

Upon completion of this chapter the participant will ...
know the difference between absolute and symbolic addressing
know the difference between local and global symbols

know the difference between leading symbols and leading absolute
addresses

be able to edit a global symbol table
also be able to edit global symbols from the LAD/STL/FBD Editor

be able to import and export a symbol table

v .
SIMATIC® S7 Date:  12.03.03 “0‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_06E.2 =  Automation and Drives
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Absolute and Symbolic Addressing

A 10.0 A "T_System_ON"

= Q4.1 = "L_SYSTEM"

A 10.4 A "S_M/A_ModeSelect"

= Q8.5 = "K_RT"

Call FC18 Call "FC_Count"

Symbol Address Data Type Comment

K_RT Q8.5 BOOL Run Conveyor Right

FC_Count FC18 FC18 Count Transported Parts

T_System_ON 10.0 BOOL System ON Switch, Momentary Contact

L_SYSTEM Q4.1 BOOL System ON Light

S_M/A_ModeSelect 10.4 BOOL Operating Mode Man=0/Auto=1

Selector Switch
N J N J
N e
(max. 24 characters) (max. 80 characters)
SIMATIC® S7 bate: 120308 @1 STRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_06E.3 Automation and Drives
Absolute In absolute addressing, you specify the address (such as input | 1.0) directly. In
Addressing this case you don‘t need a symbol table, but the program is harder to read.
Symbolic In symbolic addressing, you use symbols (such as MOTOR_ON) instead of the
Addressing absolute addresses.
You store the symbols for inputs, outputs, timers, counters, bit memories and
blocks in the symbol table.

Note When you enter symbol names, you don'‘t have to include quotation marks. The

Program Editor adds these for you.
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Symbolic Addressing - Overview

Where are symbols used? Where are they stored? With what are they created?
Global Data: Symbol Table Symbol Editor

- Inputs

- Outputs

- Bit mem., timers, counters
- Peripheral I1/0

Local Block Data: Declaration part of Program Editor
- Block parameters the block
- local / temporary data

Jump Labels Code section of Program Editor
the block

Block Names: Symbol Table Symbol Editor

- OB

- FB

- FC

- DB

- VAT

- UDT

Data Block Components Declaration part of the DB Program Editor
Sl MATl C® S? ate: B4 SITRAIN Training for
Siemens AG 2003. Al rights reserved. E"eti . éiOO?iESGE‘l ‘!‘ Automation and Drives
Global Symbols Global symbols are declared in the symbol table and can be used in all blocks of

a program.

The name in the symbol table must be unique, that is, a symbolic name must
appear only once in the table.

Local Symbols Local symbols are declared in the declaration part of a block. They can be used
only within that block.

The same symbolic name can be used again in the declaration part of another
block.

Notes The LAD/STL/FBD Editor always displays symbols declared in the global
symbol table in quotation marks. Local address symbols (local variables and
parameters) are always displayed with a # (hash or pound mark).

You don‘t have to include the quotation marks or the hash mark when you enter
symbolic addresses. The program editor automatically adds these for you.

SITRAIN Training for ST-7PRO1
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QSIMATIE Manager - [My_Project -- C:4,57_Courses'My_Proje] - |I:I|1|
£8P File Edit Insert PLC Visw Options Window Help =S|
Dl 82|7 & |2 s [o 2] cof = & [reres 17| = 7
% by_Project Sources Blocks
= My_Station .
EI CPU 314 Double-click
ﬁsymhol Editor - [My_Program {(Symbols) -- My_Project\My_Station',CPU 314] = | Ellll
) Symbol Table  Edit Insert ‘iew Options ‘WWindow Help =] x|
S |&| 4 BE| o o |[arsms =% [ K2
Status | Symbal Address /| Data bype Cormnrment -
1 P C_Disturbance coA7 COUNMTER Conveyor disturbance counter
2 C_Partz co18 COUMTER Counter parts
3 FC_Opersting_Modes  |FC 15 FC 15 System OniOTT, Mode selection
4 FC_Conveyor FZ 16 FZ 16 Conveyar control
5 P FC_CPRFitMess FZ 17 FZ 17 Cpersting and Fault messages
=] FC_Count FZ 18 FZ 18 Count parts, Compare ACTUAL J SETPOINT Mumber of Parts
7 SCALE FC 105 FC 105 Scaling Yalues
g P T_System_0OM | 0.0 BOOL System OM Switch, Momentary Cortact
Press g T_System_OFF 104 BOOL System OFF Switch (M.C.), Momertary Cortact
10 T_Jog_RT | 0.2 BOoL Jog Corvveyor Right, Momerntary Cortact
11 T_Jog LT | 03 BOoL Jog Conwveyor Left, Momentary Contact
12 S_his_hodeSelect | 0.4 BOOL Operating Mode Man=0/Auto=1 Selector Switch
13 T_hia_Accept | 05 BOoL Cperating Mode Yerification Switch
14 T_Fault_Rst | 1.0 BOoL Fault Reset Switch, Momentary Cortact
15 LB | 8.0 BOOL Ligght Barrier st Conveyor End (N.C.)
16 T_PBE1 | 8.1 BOoL Push Button st Bay 1, Momentary Contact
17 T_FB2 | 8.2 BOOL Push Button at Bay 2, Momertary Contact
15 T_PBE3 | 83 BOoL Push Button st Bay 3, Momentary Contact
19 T_FB4 | 8.4 BOoL Push Button st Convveyor End, Momentary Contact
20 BAY | 85 BOoL Proximity Sensor at Bay 1 j
Press F1 ko get Help, MM

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Opening the

Symbol Table

Table Structure

"Status" Column

Note

Date: 12.03.03

“ SITRAIN Training for
< ‘k‘
File: PRO1_06E.5 -

Automation and Drives

Every "S7 program" has its own symbol table. You can open a symbol table
from the SIMATIC® Manager with a double-click on the "Symbols" icon.

You can also open the symbol table from the LAD/STL/FBD Editor using the
Options -> Symbol Table menu option.

In the symbol table, a line is created for every variable. You can then enter the
symbol name, the address, the data type and a comment for the variable in the
columns. A blank line is automatically added at the end of the table for defining a
new symbol.

Invalid symbol definitions are marked as follows in this column:

= The symbol name or address is identical to another entry in the symbol table.

X The symbol is incomplete (the symbol nhame and/or the address is missing).

As soon as a symbol table has been created, it is available to all other tools
(such as LAD/STL/FBD Editor, HW-Config, and Monitor/Modify Variables).

SITRAIN Training for

Automation and Drives

ST-7PRO1
Page 5 Symbols
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ﬁ_‘gs‘ymhol Editor - [My_Program {Symbols} -- My_Project'My_Station',CPU 314] - |I:I|1|
& Symbol Table | Edit Insert View Options ‘Window Help =121xI
FH[&| U Chrl+Z =% | w2 |
Reda CErly
Skakus | a bype Comment &
1 P ( Cuk Crl+= MTER | Conweyor disturbance courter
2 Y Copy Chrl+C MTER | Counter parts
3 F Paste Chrl+y 15 Cucham Cn O hdada calaction
4 G x
Delete Del
5 F . .
A F P 15 Find what: Replace with:
Select (3 L -
: T - oo :
; 3 :I Undo Seleckion CL I J I J
] )l Find and Replace SCRIEN ITREE
d and Replace... i
" % From cursor 1 From cursor Al " Selection
o T Continue i+ L o u
o}
11 1 GoToRow... Ctrl+E L
1z B L _
13 1 Add Default Symbals L I”" Find whale words anly ™ Match case
14 1 Generate SDE L
15 L Special Object Properties LN Find MNext Replace Replace Al Cloze | Help
16 T_PB1 | g.1 BOOL
17 T_PB2 | 82 BOoL Puish Button &t Bay 2, Momertary Contact
15 T_PB3 | 8.3 BoOL Puszh Button at Bay 3, Momentary Contact
19 T_FB4 | 54 Bl Push Button &t Conveyor End| Momentary Contact
20 BAY1 | 85 Bl Praoximity Sensor at Bay 1 LI
Looks For text or replaces text in the current symbol table, MUM

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Find and Replace

Note

Date: 12.03.03

“ SITRAIN Training for
! ‘k‘
File: PRO1_06E.6 -

Automation and Drives

A number of options are available for finding and replacing text in the current
window:

Find what:

Enter the text you are looking for.

Replace with:

Enter the replacement text.

From cursor down:

Searches downwards to the last line in the symbol table.

From cursor up:

Searches upwards to the first line in the symbol table.

Match case:

Only searches for the specified text with identical use of uppercase and
lowercase letters.

Find whole words only:

Searches for the specified text as a separate word, not as part of a longer
word.

All:

Searches through the whole symbol table, starting from the cursor position.
Selection:

Searches only the selected symbol lines.

When looking for addresses, you must insert a wildcard after the address
identifier, otherwise the address cannot be found. There are two wildcards that
can be used:

Asterisk (*) for no character, or one or more unspecified characters;
Question mark (?) for one unspecified character.

Example: replace all outputs with address 8. with address 4.:

Find what:
Q*8.*

Replace with:

Q4.

SITRAIN Training for

Automation and Drives

ST-7PRO1
Symbols

Page 6




SIEMENS

ﬁ_‘gs‘ymhol Editor - [My_Program {Symbols) -- My_Project'My_Station'CPU 314] - |I:I|1|

&) Symbol Table  Edit Insert | view Options Window Help =121xI

== | | = | 3 B ZoomIn Chrl-Hhum+ vI T | A2 |

S bl Zoam Out Chrl+-Murm- :
S | B Zoom Factar. .. Ay o x|

1 P C_Disturbance ar ¢

2 e T i s

3 FC_Operating_t  Sopt... hon MNo.: Filter name: o

4 FC_Corveyar or 4 0= & Symbols - Sn_alec:tlon in the Symbol Table

5 P FC_OPFithtess  ColumnsR, O, M, C, &C = = I Jd gt

g FC_Count v Toolbar part: Mewy filter I Save I Delete |

7 SCALE Wa

v Status Bar _—

g P T_System_OM n O

g T_System_OFF  Update S5 hOF [ Display Symbol with Property. ..

10 T_Jog_RT T ey BOCC Jog Conve: Name: Ix ﬂ el I x - I
11 T_Jog LT | 0.3 BOCL Jog Conwe: I”— L I_LI
1z S_Mis_ModeSelect |1 04 BOGL Operatingt | Address: B Op. Ctil. + Monitoring;

13 T_Mis_Accept | 05 BOoL Operating b Data Type: ﬂ Meszage: ® -
14 T_Fault_FRst | 1.0 BioCL Fault Rese Cait: P ﬂ Canmrsaias M -
15 LB | =] BOOL Light Barrie —
16 T_PEA X BOCL Push Butto Contral at contact: i
17 T_PB2 | 5.2 BOOL Puzh Butto

i3 T1.PB3 |83 BOOL Push Butto) (e Dizplay Spmbol with Status...

19 T_FB4 | 5.4 BioCL Push Butto ) )

20 BayY1 | &5 BOGL Proximity 5 | ¥ valid W '[”\’a"d . "

nar-Lnique, incomplete
Filters the display according to specific criteria,
® nvY L
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
File: PROL_06E.7 &~ Automation and Drives

Siemens AG 2003. All rights reserved.

Filter

Symbol
Properties

Examples

Valid, Invalid

Only the symbols which meet the active filter criteria ("symbol properties") are
displayed in the current window.

You can apply several criteria at once. The specified filter criteria are linked with
one another.

You can select various filters and link them according to the following properties:
Name, Address, Data Type, Comment, Operator Control & Monitoring,
Communication, Message and Monitoring.

Permissible wildcards are * and 2.

Name: M*

Only the names that begin with "M" and that contain any number of additional
characters are displayed in the symbol table.

Name: SENSOR_?
Only the names that begin with "SENSOR_" and that contain one other
character are displayed in the symbol table.

Address: I*.*
Only the inputs are displayed.

The symbols must be unique, that is, a symbol or an address must exist only
once in the symbol table.

If a symbol or an address appears more than once, the lines in which it appears
are displayed in "Bold". If your symbol table is long, and you want to find such
ambiguous symbols or addresses more quickly, you can display only these lines
of the symbol table by selecting the menu option View -> Filter and the attribute
“Invalid".

SITRAIN Training for

Automation and Drives

ST-7PRO1

Page 7 Symbols
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View: Sort
ﬁ_‘gs‘ymhol Editor - [My_Program {Symbols) -- My_Project'My_Station'CPU 314] ;lglﬂ
&) Symbol Table  Edit Insert | view Options Window Help == x|
S| S|4 B Zomin cubttumt [ ~] Ty | n2 |
Zoam Out Chrl+-Murm-
Status | Symbal Ent o
- Zoom Factar. .. -
1 P C_Disturbance ar disturbance courter
z C_Partz Filker ... r parts
4 FiC_Corveyar For contral )
5 P FC_OPFitMess Calunns R, O, M, C, CC ng and Fault me es
& FiZ_Count v Toolbar arts, Compare AL F SETPOIMT Mumber of Parts
7 SCALE v Status Bar Walles
9 T_System_OFF  Update F5 OFF '
10 T_Jog_RT T 02 [Z[ele0m Jog Conveye  Column: Address Azcending ﬂ
11 T_Jog LT | 0.3 BOCL Jog Conweyc Symbol Ascending ~
1z S_hiis,_ModeSelect | 04 BOOL Operating ki Symbol D escending —
13 T_Mis_Accept | 05 BOoL Operating b = =
14 T_Fault_FRst | 1.0 BioCL Fault Reset £ Data Type Ascending
15 LB | =] BOOL Light Barrier
16 T_PB1 | 5.1 BOOL Puszh Button
17 T_FB2 | a2 BOCL Push Button 0K I Cancel | Help |
15 T_FB3 | 5.3 BiOCL Push Button
19 T_FB4 | 5.4 BioCL Push Button &t Conveyor End, Momentary Contact
20 BaY1 | 55 BOCL Proximity Sensor at Bay 1 LI
Sorts the display according to specific criteria, l_ W v
SIMATI C® S7 Date: 12.03.03 zv‘ SITRAIN Training for
File: PRO1_O6E.8 ‘= Automation and Drives

Siemens AG 2003. All rights reserved.

Sort

The entries in the symbol table can be displayed in alphabetical order. You use
the View -> Sort menu option to specify the column to be used as the point of
reference for sorting in the current window.

There is an alternative way to sort:

1. Click the column heading "Symbol, Address, Data type or Comment" for
sorting in ascending order in this column. Answer "Yes" when prompted.

2. Click the column heading once more for sorting in descending order in this
column. Answer "Yes" when prompted.

SITRAIN Training for

Automation and Drives

Page 8
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Symbol Table: Export

ﬁ_‘gs‘ymhol Editor - [My_Program {Symbols} -- My_Project'My_Station',CPU 314] - |I:I|1|

@ Symbol Table Edit  Inserk  Yiew Options ‘Window Help

=1l

JE' Open... Chrl+0 =% | w2 |
Close Chrl+F4 N
armment I;I
1 Save ChEl+S onveyor disturbance counter | -
B : ourter parts | Where do you want to store the table?
13 [FRE wetem OniOff, Mode selection 1
[ Impork. .. Export ﬂll
5
6 Speichern I 3l 57_Courses \4 j & 5 '
7 Print... Chrl+P caling v -
8_ Prink Preview watem My_Praje
|9 Page Setup... wstem C Servl_32
110 Print Setup.., og Cony
11 og Cony
Mz 1My _ProjectiMy_StationiCPU 314%,..\3ymbols perating
13 2 My_ProjectiMy_StationiCPU 3141, \3ymbols perating
14 3 GD_Kommunikation|Station1 \CPU 314%...\Symbole ault Res
15 4 SERV2_32L\Kape\Symbole ight Barl
16 X Lizh Bt 5
7 Exit Alt+F4 shut  Dateiname: |SEF|V1_SymboIs Speichem
15 T_PB3 | 5.3 Bl Push But L - - Abbresh
13 T_pBe 54 BooL Fush b Dateityp: IAsslgnment list [ SEQ) j rechen |/
20 BAYT I 85 BOOL Praiifity o meorT £ A — 2
Copies the selected symbol table or parts of it ko a file {of a different Format). |_| 4L |
In which format do you want to store
the table?
® Y -
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
File: PRO1_06E.9 ™ Automation and Drives

Siemens AG 2003. All rights reserved.

General

The Symbol Table -> Export menu option enables you to store symbol tables in
different file formats so that you can work on them with other programs. You can
select the following file formats:

ASCII Format (*.ASC)

Notepad
Word

Data Interchange Format (*.DIF)

EXCEL

System Data Format (*.SDF)
ACCESS

Assignment List (*.SEQ)
STEP 5 assignment list

SITRAIN Training for

Automation and Drives

Page 9
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Symbol Table: Import
ﬁ_‘gs‘ymhol Editor - [My_Program {Symbols) -- My_Project'My_Station'CPU 314] : - |I:I|1|
@ Symbol Table Edit  Insert “iew Options ‘Window Help - |ﬁl|ﬂ
JE' Open... Chr+0 =¥ | R?|
Close Chrl+F4 N
arnmenk -
1— Save ChHlHS onveyor disturbance counter
Z i ourter parts
3_ IS oo ystemn OniOff, Mode selection
4_ orveyar control
: thmng T e
5 toort parts. Compare ACTUAL J SETPOINT Nurmber of Parts
7 Prink.. Q—"> : 2lxl
2: E:;;F‘Sr:t\::\.l. Suchen in: IaS?_Courses j & ﬁ ' |
110 Print Setup.., My_Proje
11 -
5 1 My_Project|My_Station|CPU 314, \Symbal [ S5rvL32 <::| | Select directory path here
13 2 My_ProjectiMy_StatiomCPU 3144...\3ymbol E
14 3 GD_KommunikationSkation1yCPU 3149, .15y
E 4 SERY2_32L\Kape|Symbole
i—? Exit —
1& T_PE3 I 83
19 T_PB4 L o —
= Byt -y D ateiname: ISEF!V‘I_SymboIs.seq Enter file name |
Inserts & capy of a saved file (of a different Farmath it D abeityp: IAssignment list [* SEQ) j Abbrechen | oz
4 A|
1 2
| Select file format |
Sli MATIC® S7 Date: 12.03.03 zv‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_06E.10 WY Automation and Drives
General The Symbol Table -> Import menu option enables you to import symbol tables
that were created with other user programs.
What to do:
1. Activate the Symbol Table -> Import menu option.
2. Select the file format in the "Import" dialog window.
You will find the same formats as for Export.
3. Select the directory path in the "Look in:" list box.
4. Enter the file name in the "File Name:" box
5. Click the "Open" button.
File Types You can import the following file formats:
» ASCII Format (*.ASC)
- Notepad
- Word
» Data Interchange Format (*.DIF)
- EXCEL
» System Data Format (*.SDF)
- ACCESS
» Assignment List (*.SEQ)
- STEP 5 assignment list
SITRAIN Training for ST-7PRO1

Automation and Drives Page 10 Symbols
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Editing Symbols in the LAD/STL/FBD Editor
HEALAD/STL/FBD - [FC15 - My_Project’,My_Station',CPU 314] (=]
i} File Edit Insert PLC Debug ‘Wiew Options ‘Window Help - |ﬁ'|1|
D||s-d| & & |2l == el [& & <> OB g2 1H30lEs == x|
= Ixl
FC15 : Mode section j
m: gystem ON e B New nietwork, -
[z Bit logic
| FH-{] Comparator
[H-{ag Canverter
"T_System ON” "M_ON_Edge" = Cut Chrl+x [-23 Counter
| 1 e} o Copy Chrl+C
| LB} [-{DE] DE call
Paste Chrl+y =
"T_System OFF" FH-{E] Jumps .
141 ) Dielete Del [-{21] Integer function
Vi [H-{z8] Floating-point fct.
Insert Metwork Chrl+R {75 Mave
Insert Empty Box Alt+F2 [#]-{3F] Program control
Hetwork 2 ; MANUAL Mode Insert Symbol Chrl+] [H-{z5] ShiftfRotate =
[H-{aiE] Stakus bits
s SOl i (@] Timers
/A _Mode {2 Word Iogic
"T_M/4 Accept” "M _HAND Edge™ ect”
Cl (o} % ' (g3 FE blocks |
o VRS I
A=A Edit Symbols x|
]—l/ l Swymbol Data Type | Comment =
| Bz +1 |MEEED |BooL | System OM Light = Call st |
mnu » »_ 7 Com
o————  addspmbos | | DeleteSymbol | —
Shows propertie nserk v
The symbal table is updated with ‘0K or ‘Apphy
ok | ey | Cancel | Hep |
SIMATIC® S7 Date: 120303 @ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_06E.11 ~ Automation and Drives
Edit Symbols Edit Symbols enables you to assign symbolic names to absolute addresses at a
later time. These assigned names are automatically entered into the symbol
table.
What to do There are two ways to get to the “Edit Symbols” from the LAD,STL,FBD editor:

« highlight an address field and choose Edit -> Symbols... or
o right mouse click the address field and select Edit Symbols...

Enter the Symbol name, Data Type and Comment you want to assign to that
address and then OK.

Note If you assign a name that is already in the symbol table, it will be displayed in a
different color. Duplicate names cannot be used in the symbol table.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 11 Symbols
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Symbol Information in the LAD/STL/FBD Editor

JEiLAD/STL/FBD - [FC15 - My_ProjectMy_Station\CPU 314]

98 [=] (o3| W %1 D /STL/FED - [FC15 - My_ProjectMy_Station\CPU 314] i =]
3 File Edit Insert PLC Debug View Options window Help —|8]x|| 43 Fle Edt set PLC Debug WView Options Window Help _18( x|
Olzz R 2| &|e=le] o] el [= 0|23 &| & & [E=[@] =] ol [=
| it O g2 AEE0lE]s =] k2 ar| 1< M= £ A 01| | =] A2
FC15 : Hode section :I FCLS : Mode section j
Jretwork 1 HETEESY frctwork LEEREIEN
“1_Systen” 10.0
“T_System_ON"  "M_DN_Edge” & Fyaten O HLS-L 04.1
i i 5 _ Swirch, Edge nmemory Systen 0N
| F 3 Q4.1 § L_System J Syskem ON Light Nomentary bir System Light
. - Contact om "L_Systew”
Tﬁy"’ﬁ”” R "T_Systew ONT  "M_OH_Edge" =
f |} {e} 04.1 § L_Syskem J System ON Light
10.1
Symbol information: SYgtE‘: E"‘
T_syoten o 10.0 —— System ON Switch, Momentary Conmt (ch:)
M 0N _Edge H1S.1 -~ Edge memory bit System On Homentary
T systew OFF I0.1 -~ gystem OFF Switch (N.C.), Moment Contaet
L_Systew 04.1 - gystem ON Light T Sgsten OFF”
I/I B
Hetwork 2 : MANUAL Mode !
[l _’l—l Ll _"_I
ﬂr ProjectMy StationiCPU 314%...YFC1E - <offline> ﬁ Trm e Ar e CET STan A FEIE = SaTrlimer 7
i
“ A[A[PIMI, 1:Emor A ZInia A O Ciossieleiences & Addessinfo. A, 5 Modiy  } ” AR :Ene A 2T T s @hddeniio A EWem
Press Fi to get Help. 2 [offiine |abs <52 [ 1 | Fress F1 to get Help. [ @ [offine [bs <52 w1 7
® ‘v‘ L
SIMATIC® S7 me: 120303 WO i an s
Siemens AG 2003. Al rights reserved. File: PRO1_06E.12 -

Addressing

Symbol Information
at the Address
Yes/No

Note

In the LAD/STL/FBD Editor you can choose to display the addresses in one of
the following two ways when you select the View -> Display with -> Symbolic
Representation menu option:

» Symbolic Addressing or

» Absolute Addressing.

You can display the symbolic and absolute address assignments used in the

network along with their comments by selecting the View -> Display with ->
Symbol Information menu option.

The assignments are found under the network in LAD/FBD and in STL they are
found in the statement line.

In the LAD/STL/FBD Editor settings you can select whether the symbol

information for the addresses is to be displayed directly at the address (see right
picture) or at the lower edge of the network (see left picture).

If you position the mouse pointer on an address, a "Tooltip" appears with the
symbol information for this address.

SITRAIN Training for
Automation and Drives

ST-7PRO1
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Symbol Selection in the LAD/STL/FBD Editor

IEALAD/STL/FBD - [FC15 -- My_Project'My_Stat =]
i} File Edit Insert PLC Debug Miew Options ‘window Help 18] x|
Dlce-|E| 8| 4|sl@| ofc| e[ o c! DE | O[] | o] a|
FC15 : Mode section j
m: System ON
"T_gystem ON" "M _ON_Edge” — -
11 g L_Sypstem’
H Y &K_RT BOOL 0 &5 Run Conweyor Right E
"T_System OFF” @ L_act=5SET BOOL G 84 Indicator Light Setpoint=Actusl
11 Sl AUT0 BOOL 0 43 Automatic Mode of Operation Light
@ L_BAY1 BoOL #] a1 Indicator Light at Bay 1
@ L_BAYZ2 BoOL #] 8.2 Indicator Light at Bay 2 |
Symbol information: SIL_eava BOOL [ Indicator Light at Bay 3
T System 0N I0.0 @ L_Care_Dist BOOL G 40 Conveyor disturbance Light
M_OH_Edge ML5.1 @ L_ta) BoOL o 42 I anual Mode of Operation Light
T_%ystem OFF 10,1 EOOL o 41 System OM Light
@ LB BOOL | a0 Light Barrier at Conveyor End [M.C.]
Hetwork 2 : MANUAL Mode EM AUTO Edac BOOL M__153 E dag memary bit AUT0 mode =l
"5 M/h ModeSel "L MANT
"T_M/A _Accept” "M HAND Edge™ ect” SR |

' () A
‘ "L_Systen”
A R

5_|'||4|4|>|b||\ 1:Enor A Zlnfo A 3 Crosseferences A 4 Addessinfo. A 5 Modify )\ 6 Diagrostics A 7 Comparison  f
i}

Press F1 ko get Help. 2 [offline labs 5.2 |mw1 Insert [Chg 2
SIMATIC® S7 Date: 120303 @ SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_06E.13 ~  Automation and Drives

Introduction You can use the View -> Display with -> Symbol Selection menu option to
simplify writing a symbolic program.

When you label the adddress and you enter the first letter of a symbol name, a
section of the symbol table pops up that starts with this letter.

All valid addresses for this block are displayed. These can be all global variables
(even those declared in data blocks), local variables (temporary and static) and
the parameters of the affected block.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 13 Symbols
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n H n
Leading Symbols
ELAD/STL/FBD - [FC15 - My_ProjectiMy_Station\CPU 314] =[]
¥ Fle Edit Insert PLC Debug Wiew Options ‘Window Help _|51|5|
Dls(elE] & s[2/e) =]~ ol [=
il S B o [t R o ] R N B
FC15 : Mode section j
m: Syaten ON
SEnyaten”
"T_Systew ON"  "M_ON_Edge” 2R % |
| $: 2 [28.0 J L_Svstem { System ON Light
I
"T_Hys e OEF 4 ——
Symbol Table
[§ Priority: Priority:
4 Absolute Value Old Entry: b PLC Debug
System ON=Q8.0 [g| gz Symbols
ar| 1<) DR ] b3l New Entry: T=RETET B
System ON = Q4.0 iI
FC15 : Mode section — ection
TR systew on TN svoren n
"L_Systen”
"T_Fysten ON" “M_ON_Edgd” "T_SYT“E'“_UN" "H_U:\T_E 3 S
| ————(r I F Q4.0 ] L_System | System ON Light
"T_Systen 0FF" "T_System OFF” \
_ — P
| 4 F‘WF“44444*
J - I Pe— E
ﬂ 4[4[ TEwor A Zinfo A 3 Ciossreferences A 4 Addiess info. ﬁ'l‘l‘lblb\l\ TEmor A Znio A FCrossteferences  p & Address info
Press F1 to get Help. [ 2 [offine [Ab 2 [ @ loffine  [abs 2
N/} .
Sli MATIC® S7 Date: 12.03.03 3‘ SITRAIN Training for

Siemens AG 2003. All rights reserved.

Introduction

Selection

Priority:
Absolute Value

Priority: Symbol

File: PRO1_06E.14 ‘= Automation and Drives

If you want to change the assignments in the symbol table of an already existing
program, you can also decide whether the absolute address or the symbolic
address has priority.

In the SIMATIC® Manager, right mouse click the "Blocks" object of an S7
program. Select the Object Properties menu option and then the "Blocks" tab.
You can choose between "Absolute Value" or "Symbol" in the "Address priority"
field.

With this setting, the absolute address of an operand does not change if you
change the address assignment in the symbol table later on.

In the example above, the output Q8.0 (symbol name "System On") was
changed to output Q4.0 in the symbol table. With the "Priority: Absolute Value"
setting, the program continues to use the output Q8.0.

With this setting, the absolute address of the operand is changed to the new
entry in the symbol table.

In the example above, the output Q8.0 (symbol nhame "System On") was
changed to output Q4.0 in the symbol table. With the "Priority: Symbols" setting,
the address is changed from Q8.0 to Q4.0 throughout the entire program.

The changed address also keeps its symbol name. That way you can change
the absolute addresses in an existing symbolic user program.

SITRAIN Training for

Automation and Drives
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Exercise: Creating a Symbol Table for the Conveyor Model
Version A Version B
16 channel 32 channel
Modules Modules
L_BAY1 L 201 Q 3.1 | |Indicator Light at Bay 1
L BAY2 _Q 202 Q .2 _ Indicator Light at Bay 2
L BAY3 __a 203 Q 8.3 _ Indicator Light at Bay 3
L_END L@ 20.4 Q 3.4 | |Indicator Light at Conveyor End
K_RT Q204 2 .5  Run Conweyar Right
K_LT Q206 Q 8.6 _ Run Conveyor Left
K_Harn @20y ] 3.7 | Hom
QW _DISPLAY T aw 12 Qw B __ BCD - Output Display Ward
LE I L I 8.0  Light Barrier at Conweyar End (M.C.)
T FPB1 A I 8.1 | Push Button at Bay 1, Momentary Contact
T_PB2 L 1B2 I §.2 | Push Button at Bay 2, Momentary Contact
T_FB3 L 1B3 I §3 | Push Button at Bay 3, Momentary Contact
T FB4 L 164 I 8.4  Push Buttan at Conwveyar End, Momentary Contact
BAY1 I 164 I 8.5 | Proximity Sensar at Bay 1
BAY2 | 1BEB I §6 | Proximity Sensor at Bay 2
BAY3 L 1e7 I 87 | Proximity Sensar at Bay 3
vy BCD L v 2 | BCD Push Buttons - Input Word
SIMATIC® S7 Date: 12.03.03 zv‘ SITRAIN Training for

Siemens AG 2003. All rights reserved.

Task

What To Do

Result

Note

File: P

RO1_06E.15

Automation and Drives

Create a symbol table for the sensors and actuators of the conveyor model.

1. Open the FC16 block with the LAD/STL/FBD Editor

n

With the right mouse button, click one after the other the inputs 1 0.2 and |

0.3, so as to be able to declare symbols for these inputs using "Edit

Symbols"

o gk w

In the SIMATIC® Manager, select the S7 Program "My_Program"
Start the Symbol Editor by double-clicking the symbol table icon
Edit the symbol table according to your training area (see slide)
Save your symbol table

All addresses that had a symbolic name assigned to them in the symbol table
can be addressed symbolically or absolutely during program creation with the
LAD/FBD/STL Editor. As well, you can display the comments from the symbol
table as "Symbol Information".

A symbol for the FC 105 block is already defined in the symbol table. The entry
was automatically made in the symbol table when the block was copied from
the library in a previous chapter. The automatic entry of symbols for copied
blocks is called "hidden import".

SITRAIN Training for

Automation and Drives

Page 15
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Binary Operations
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Objectives

Upon completion of this chapter the participant will ...

understand the difference between ‘real' connected NC contacts
and NO contacts and programmed symbols

be able to explain the terms Result of Logic Operation (RLO),
Status (STAT) and First Check

be able to program basic binary logic operations

be able to use and program edge detections for problem solving

v .
SIMATIC® S7 Date:  12.03.03 “z‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_07E.2 ~ Automation and Drives
SITRAIN Training for ST-7PRO1
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Binary Logic Operations: AND, OR
]
=\ s1(10.0)
10.0 10.1 080l| 100 4 & Q80|| A 100
| | | D) [ =]|| A 101
ﬂ”@: =\ s2(0.1) I | O 101 - - 080
Q8.1 Q8lll = Q81
® ¢ By =
L1 L2
(Q8.0) (Q81)
=\ 10.2
10.2 - 8.2
e | | Q/) 102 — o= Q8.2 O 102
xS I o S el S ||
(10.3) 10.3 10.3 — = Q82
| |
[
L3(Q8.2)
® . B4 SITRAIN Training for
Ssmlrnlz/r!sAA\;erOO% AI§g7hts reserved. Ei?et:e. éiuoi?g7E3 !!‘ Automation;nd Drglés
Logic Tables
AND 10.0 10.1 Q8.0/08.1
0 0
0 1
1 0
1 1
OR 10.2 10.3 Q8.2
0 0
0 1
1 0
1 1
SITRAIN Training for ST-7PRO1

Automation and Drives Page 3 Binary Operations
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Binary Logic Operations: Exclusive OR (XOR)

5

104 — & A 10.4
|o.4|1 |on> Q/g)_o 105 —o 7] Q80 ,CA)N 10.5
[ [ \ _El AN 10.4
104 9 & [ A 10.5
10.4 10.5 105 — = Q8.0
X 10.4

_| 8.0
104 PRl || X o
10.5 — = Q8.0

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Logic Table

Rule

Careful!

Date: 12.03.03
File: PRO1_07E.4

XOR | 104 105 | Q80
0 0
0 1
1 0
1 1

Y L
"‘ SITRAIN Training for

Automation and Drives

The following rule is valid for the logic operation of two addresses after
XOR: the output has signal state "1", when one and only one of the two

checks is fulfilled.

This rule cannot be generalized to "one and only one of n" ! for the logic

operation of several addresses after XOR !!

As of the third XOR instruction, the old RLO is gated with the new result of

check after XOR.

SITRAIN Training for

Automation and Drives
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Normally Open and Normally Closed Contacts, Sensors and Symbols
Process Interpretation in PLC program
The The sensor Voltage Signal Check for Check for
sensor is ... present state signal state “1” signal state “0”
isa... at at
input? input Symbol / Result of [ Symbol / Result of
Instruction check Instruction check
NO activated
contact Yes :> 1 LAD: “yag® LAD: “NQ”
| — - 1 - 0
\ “NO contact” “NC contact”
not |
No PN AV
activated \ |:> 0 Né) st
FBD: FBD:
NC activated L 9
e o]
? 0 1
not ; .
activated ? Yes |:> 1 S “Yes” S “No”
Alxy 1 AN xy 0
SIMATIC® S7 Date:  12.03.03 31 SITRAIN Training for
W Automation and Drives

Siemens AG 2003. All rights reserved.

Process

Symbols

Example

File: PRO1_07E.5

The use of normally open or normally closed contacts for the sensors in a
controlled process depends on the safety regulations for that process.

Normally closed contacts are always used for limit switches and safety switches,
so that dangerous conditions do not arise if a wire break occurs in the sensor
circuit.

Normally closed contacts are also used for switching off machinery for the same
reason.

In LAD, a symbol with the name "NO contact" is used for checking for signal
state "1" and a symbol with the nhame "NC contact" to check for signal state "0".
It makes no difference whether the process signal "1" is supplied by an activated
NO contact or a hon-activated NC contact.

If an NC contact in the machine is not activated, the signal in the process image
table will be "1". You use the NO contact symbol in LAD to check for a signal
state of "1".

General:

The "NC contact" symbol delivers the result of check "1" when the checked
address state or status is "0".

SITRAIN Training for

Automation and Drives

ST-7PRO1
Page 5 Binary Operations



SIEMENS

Exercise
Goal: In all three examples, the light should be on when S1 is activated and S2 is not activated!
Hardware | |
I]I:I I=\| s1 I=\| S2 I=\| s1 I=|B S2 |=|g s1 I=|B S2
11.0 11.1 11.0 11.1. 11.0 11.1
Programmable controller Programmable controller Programmable controller
Q4.0 Q4.0 Q4.0
(%Light (%Light ?Light
Software
ll 11.0 111 Q4.0 110 111 Q4.0 1120 111 Q4.0
1.0 - | & 1.0- | & 1.0 - | &
I]I:I 111 - — Q4.0 1949 = — Q4.0 111 - — Q4.0
....... 11.0 e 12,0 e 12,0
I]I:I ....... [N —— | @ ... FLA | —. 11.1
....... Q4.0 .. Q4.0 .. Q4.0

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Exercise

Note !

Date:
File:

12.03.03
PRO1_07E.6

zv‘ SITRAIN Training for
A Automation and Drives

Complete the programs above to obtain the following functionality: When switch
S1is activated and switch S2 is not activated, the light should be ON in all three

cases.

The terms "NO contact" and "NC contact" have different meanings depending
on whether they are used in the process hardware context or as symbols in the

software.

SITRAIN Training for

Automation and Drives
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Result of Logic Operation, First Check, and Examples

Example 1 Example 2 Example 3
X o X 13) ~ I3
1818|528 E|3s|n|l 2| 2|Bsl 3
SN S 2SR SH S [SSka SH S |ScRa
n | 2|8 S n | 2|8l S 20 il e = =
I S ISaRCH P2l S (250 F=1 E |S5°
SR d BE ERCEE 2 12 EREE
o | 2|8°| T ||a| 2|89 T ||a| 8|89
x |x r | o |x
= M34
A 110 :> 0 1 1
AN 111 [ 0 1 0
A M40 :> 0 1 1
= Qa0 (Y=
= Q81 =P
A 120 [/ 0 1 0
Si MATIC® S7 Date: 12.03.03 zv‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_07E.7 W™ Automation and Drives
Signal State A logic operation is made up of a series of instructions to check the states of

Result of Check

First Check

Result of Logic
Operation

Note

signals (inputs (1), outputs (Q), bit memories (M), timers (T), counters (C) or data
bits (D) ) and instructions to set Q,M,T,C or D.

When the program is executed, the result of check is obtained. If the check
condition is fulfilled, the result of check is “1”. If the check condition is not
fulfilled, the result of check is “0”.

The first check that follows an RLO limiting operation (such as S, R, CU, = ...) or
the first check in a logic string is called a First Check (FC) since the result of this
check - regardless of the last RLO - is accepted as the new RLO.

When the next check instructions are executed, the result of logic operation is
gated with the result of check and a new RLO is obtained.

When the last check instruction in a logic operation has been executed, the RLO
remains the same. A number of instructions using the same RLO can follow.

The result of the first check is stored without being subjected to a logic
operation. Therefore, it makes no difference whether you program the first check
with an AND or an OR instruction in STL. To convert your program to one of the
other programming languages, you should, however, always program using the
correct instruction.

SITRAIN Training for

Automation and Drives
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”D Assignment

”D Set

”D Reset

Assignment, Setting, Resetting

i

11.0 11.1 Q8.0 | 1.0 ﬁ : 18
. & N
— ——0) T || = eso
111 -
112 113 Q8.1 11.2 & 081 o
(S) . A 13
11.3 —|T| S OB
11.4 Q8.1
| (
| | (R) 114 . Q8.1 8 :i:g
&5 115 —{ R | R
|

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Assignment

Set

Reset

Date:
File:

12.03.03
PRO1_07E.8

B SITRAIN Training for
Automation and Drives

An assignment passes the RLO on to the specified address (Q, M, D). When the

RLO changes, the signal state of that address also changes.

If RLO="1", the specified address is set to signal state "1" and remains set until

another instruction resets the address.

If RLO="1", the specified address is reset to signal state "0" and remains in this
state until another instruction sets the address again.

SITRAIN Training for

Automation and Drives
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Setting / Resetting a Flip Flop

i

11.2 Mo ul A 112
: 9.3 -
SR Q
Dominant s o—(O) 112 —s SR > Moy
Reset Q9.3 g
- : R M5.7
R 113 —| R Q1 =1|| A MS57
= Q93
11.3 Mo ul A 113
. : Q9.3 :
Dominant RS RS R M5.7
— —( 11.3 — '
Set R Q ) R A 112
11.2 i S MEt
A M57
s 11.2 s Q=1 - Q93
SIMATIC® S7 Dae 120308 !?1 Aomation o b

Siemens AG 2003. All rights reserved.

Flip Flop

Priority

Note

A flip flop has a Set input and a Reset input. The memory bit is set or reset,
depending on which input has an RLO=1.

If there is an RLO=1 at both inputs at the same time, the priority must be
determined.

In LAD and FBD there are different symbols for Dominant Set and Dominant
Reset memory functions.
In STL, the instruction that was programmed last has priority.

If an output is set with a set instruction, the output is reset on a complete restart
of the CPU.

If M 5.7 in the example above has been declared retentive, it will remain in the
set state after a complete restart of the CPU, and the reset output Q 9.3 will be
assigned the set state again.

SITRAIN Training for

Automation and Drives
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Midline Output Coil
11.0 11.1 M5.7 12.0 12.1 M1.1 Q4.0
}—1 - —®— — I not H#——/ ) A 1 10
A | 11
= M57
A M 57
@ A | 20
A | 21
NOT
11.0 — & =
i
1 - — # '
11.1 I—l_ & 4 Q 40
12.0 —] M1.1 Q4.0
- {F -]
® . aY s raining for
SIMATIC ST s WPl STRAN T o

Midline Output Coil  The midline output coil exists only in the LAD and FBD graphic languages. It is
an intermediate assignment element with assignment function that assigns the
current RLO at a specified address (M5.7 in the slide). The midline output coll
provides this same address in the same network for subsequent gating.

In the STL language, this is equivalent to
=M5.7
AMS57

In the LAD language, when connected in series with other elements, the
"midline output coil" instruction is inserted in the same way as a contact.

SITRAIN Training for . ST-7PRO1
Automation and Drives Page 10 Binary Operations
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Instructions that Affect the RLO

Ea

Q8.0 | | o0 — &

() | |101 —

Q8.0

—OEI

A 10.0
A 101

NOT
= Q8.0

not available

not available

not available

not available

STAT 1 - Bit memory

SET
= MO0.1

Examples:
STAT 0 - Bit memory

CLR
= MO0.0

SIMATIC® S7

Siemens AG 2003. All rights reserved.

NOT

CLR

SET

The NOT instruction inverts the RLO.

12.03.03
PRO1_07E.11

Y L
"‘ SITRAIN Training for

Automation and Drives

The CLEAR instruction sets the RLO to "0" without pre-conditions (available

only in STL at present !).

The CLR instruction completes the RLO, thus the next scan becomes a first

check.

The SET instruction sets the RLO to "1" without pre-conditions (available only in

STL at present !).

The SET instruction completes the RLO, thus the next scan becomes a first

check.

SITRAIN Training for

Automation and Drives
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Exercise: Mode Section of the Distribution Conveyor
Q8.
DI DO o4
100 | Y | T_System ON * |0
101 | © | T_System OFF L_SYSTEM # | .1 Y,
102 | Y@ | TJogRT LMAN| # | 2 07” T 00
ARANK
103 | Y | T dog LT L_AUTO| # | 3 v
104 | % | S_M/A_Mode_Select » 4
105 b T_M/A_Accept » 5 ASV.AISY o -15V.#15Y
106 | ® » | 6 wi e hoe
ol 2k olole
b ‘ All Al2
o » Weight @
b * [ [ [ [ |
N ’ olo] [o]o
AS) * 0181115 AL | AR Aol | Ao2
% » o o o o0 o0
® »
A »
® . B4 SITRAIN Training for
I TS s o ST e
Task You are to program a "mode" section in FC 15 for the distribution conveyor and
integrate the message MANUAL mode (Q 8.2 or Q 4.2) as a lock-out in the FC

16 block.

Function of the mode section in the FC 15:

» Start with 1 0.1 in the closed position to simulate a NC stop switch.

* The system "L_System" (LED Q8.1 or Q4.1) is turned "on" using | 0.0, the
simulator momentary contact switch (T_System_ON). It is turned "off" using
| 0.1(NC contact) (T_System_OFF), the simulator momentary contact switch

* You can preselect "MANUAL" mode (LED Q 8.2 or Q 4.2) or "AUTO" mode
(LED Q 8.3 or Q 4.3) through switch | 0.4 (S_M/A_ModeSelect)as follows:

- 10.4 switched off (="0"):  "MANUAL" mode preselected,
- 104 switchedon (=71"): "AUTO" mode preselected.

» The operating mode that you preselected through switch | 0.4 has to be
acknowledged through momentary contact switch 1 0.5 (T_M/A_Accept).

» The operating modes are switched off when you change the preselection of
the operating mode (1 0.4) or when the system is switched off (Q 8.1 or
Q4.1="0).

Integrating the MANUAL mode (Q8.2 or Q 4.2):

» The "Jog Conveyor Motor" programmed in FC 16 is now only to be possible
when the "MANUAL" mode is switched on. Program the relevant lock-out in
FC 16.

What To Do » Insert the new block FC 15 in the S7 Program "My_Program" and program it
according to the task.

» Program the call of the FC 15 block in OB1.

» Program the required lock-out in FC 16.

» Download all blocks into the CPU and test your program

SITRAIN Training for ST-7PRO1

Automation and Drives Page 12 Binary Operations
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RLO - Edge Detection
A 110
110 111  M10  M8.0 11.0 —
L oy V| & Mio Mso || A 111
| \P— )— FP ML.0
110 111 M1l  Mm8.1 110 7] & A 110
| (N (I — M1l M8l A 111
[ 1 \N/ \ I 111 — N _ FN M1.1
' - = M8.1
OB1-Cycle
11.0
11.1
RLO
M1.0
M1.1
M8.0
M8.1
SIMATIC® S7 Date: 120803 W@ STRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_07E.13 ~ Automation and Drives

RLO Edge Detection An "RLO edge" detection is when the result of a logic operation changes from
"0" to "1" or from "1" to "0".

Positive Edge (Positive RLO Edge Detection) detects a signal change in the address (M1.0)
from "0" to "1", and displays it as RLO = "1" after the instruction (such as at M
8.0) for one cycle.

To enable the system to detect the edge change, the RLO must be saved in an
FP bit memory (such as M 1.0), or a data bit.

Negative Edge (Negative RLO Edge Detection) detects a signal change in the address (M1.1)
from "1" to "0" and displays it as RLO = "1" after the instruction (such as at M
8.1) for one cycle.

To enable the system to detect the edge change, the RLO must be saved in an
FN bit memory (such as M 1.1), or a data bit.

SITRAIN Training for . ST-7PRO1
Automation and Drives Page 13 Binary Operations
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Signal - Edge Detection
11.1 11.0 A 110
11.0 M8.0 11.1 -1 & A (
| POS o—( H POS M8.0 A 11
MLO—| M BIT M1.0—|M_BIT — = )FP L
= M80
11.1 A 110
||1.|o e e L. 10 g A
| | o H NEG MBI BN wid
M1.1—| M_BIT M1.1—|M_BIT — =11 )
= Mm81
11.0 ‘
11.1
M1.0
M1l ———— N .
OB1-Cycle
M8.0
M8.1
® N/ .
SIMATIC® S7 e 120303 WP RO T o

Siemens AG 2003. All rights reserved.
Signal Edge

Example

Positive Edge

Negative Edge

A "signal edge" is when a signal changes its state.

Input | 1.0 acts as a static enable. Input | 1.1 is to be monitored dynamically and
every signal change is to be detected.

When the signal state at | 1.1 changes from "0" to "1", the "POS" check
instruction results in signal state "1" at output Q for one cycle, provided input
| 1.0 also has signal state "1" (as in the example above).

To enable the system to detect the edge change, the signal state of | 1.1 must
also be saved in an M_BIT (bit memory or data bit) (such as M 1.0).

When the signal state at | 1.1 changes from "1" to "0", the "NEG" check
instruction results in signal state "1" at output Q for one cycle, provided input
| 1.0 has signal state "1" (as in the example above).

To enable the system to detect the edge change, the signal state of | 1.1 must
also be saved in an M_BIT (bit memory or data bit) (such as M 1.1).

SITRAIN Training for
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Exercise: Conveyor Operation in AUTO Mode

Conv Start Transport Phase Conv Stop
Prox.Sens.Bay 1

(116.5/116.6)

(18.5/18.6)

M.C.Sw.Bay 1

(1'16.1/116.2)

(18.1/18.2)

Light Barrier :,---.,‘
(116.0/18.0) : ﬁ i
Run Conveyor

RIGHT ~———
(Q20.5/ Q8.5)

Si MATIC® S7 Date: 12.03.03 ‘51 SITRAIN Training for
-

Siemens AG 2003. All rights reserved. File: PRO1_07E.15 Automation and Drives

FC 16 Up Till Now:  When the MANual mode is switched on (Q 8.2/ Q 4.2 ="1"), you can jog the
conveyor motor to the RIGHT or to the LEFT using the simulator momentary
contact pushbutton.

Task: You are to expand the function of FC 16 to include controlling of the conveyor
motor as follows (also see the function diagram in the slide):

*  With AUTO mode switched on (Q 8.3/ Q 4.3 ="1"), the conveyor motor
starts to the RIGHT (Run Conveyor RIGHT), as soon as a part has been
placed in front of Bay 1 or Bay 2 and the associated momentary contact
pushbutton has been pressed.

» The conveyor motor stops as soon as the part reaches the Conveyor's End
or has passed through the light barrier (-> edge detection necessary, see
slide) or the AUTO mode is switched off.

What To Do: 1. Program the AUTO conveyor operation in FC 16. The jogging of the
conveyor motor when the MANUAL mode is switched on is already
programmed.

2. Download the modified FC 16 block into the CPU
3. Check whether you program fulfills the desired function!

Solution Hints The Run Conveyor RIGHT (Q 20.5/ Q 8.5) must be controlled under two
conditions: in the MANUAL mode while jogging RIGHT OR in the AUTO mode.
Program a memory bit for each of the two conditions or transfer the results of
the logic operations into bit memories so that you can then use these in a new
network to control the conveyor:

"M_Jog_right MAN" M16.2— >=1 Q205

"M_Jog_left AUTO" M 16.3 — —— -]

SITRAIN Training for . ST-7PRO1
Automation and Drives Page 15 Binary Operations
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Unconditional Jump (Independent of RLO)
‘ Network 1 NEW1 Network 1 NEW1 Network 1
Network 2 Network 2 Network 2
Network X Network X Network X
NEW1: AN M5.5%
'\feg')o M55 & | M69.0 AN |47
‘ a7 =] = M69.0
SIMATIC® S7 S - o e

Siemens AG 2003. All rights reserved.

Jump Instruction

Inserting
aLabel

Jump Label

JMP

In LAD/FBD, the label (NEW1) is entered as an identifier above the coil symbol
or assignment symbol. In STL it comes after the Jump (JU) instruction.

The label can have up to four characters, the first of which must be a letter or
the “ " character.

The label marks the point where execution of the program is to continue. Any
instructions or networks between the jump instruction and the label are not
executed.

Jumps can be made both forwards and backwards.

The jump instruction and the jump destination must both be in the same block
(max. jump length = 64kbyte). The label's name can only be used once in a
block.

Jump instructions can be used in FBs, FCs and OBs.

In LAD and FBD, you use the Program Elements browser to insert a label:
Program Elements -> Jumps -> LABEL.

The label may be as many as four characters of which the first character must
be a letter. Jump labels are followed with a mandatory colon “:* and must
precede the program statement in a line.

Example: NEXT: A10.0

An unconditional jump instruction causes a program jump to a label regardless
of the RLO.

SITRAIN Training for
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Conditional Jump (Dependent on RLO)
10.0 10.1 10.0 — AdOS
Jump if | i b NEWL | | A 101
RLO=1 | | | (IMP) | | 10.1 JC NEW1
Jump if 10.2 10.3 10.2 — A 10.2
RLO=0 | Il ,NEWZ NEW2 | | A 103
| || (OMPN) | [10.3 — —{JMPN JCN NEW2
® vy raining for
SIMATIC® S7 e L0303 O b

Siemens AG 2003. All rights reserved.

JC

JCN

Note

The "JC" conditional jump is only executed if the RLO is "1".
If the RLO is "0", the jump is not executed, the RLO is set to "1" and program

execution continues with the next instruction.

The "JCN" conditional jump is only executed if the RLO is "0".

If the RLO is "1", the jump is not executed and program execution continues with
the next instruction.

STL provides additional jump operations, which are discussed in another
programming course.

SITRAIN Training for
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Digital Operations

S _ODT 85
N N
S5T#35s — [TV Bl = MwO

10.5

——{

SIMATIC® S7 Date: 120303

Siemens AG 2003. All rights reserved. File: PRO1_08E.1
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Objectives

Upon completion of this chapter the participant will ...
be familiar with the INT, DINT, REAL data types and the BCD display

be able to apply the selectable display formats in the "Monitor /
Modify Variable" test function

understand the "Load" and "Transfer" instructions
be able to apply and program S5 counter functions for problem solving
be able to apply and program S5 timer functions for problem solving

be able to apply and program the conversion operations INT <-> BCD
for problem solving

be able to apply and program comparison operations for problem
solving

be able to apply and program basic mathematical functions for
problem solving

® ~ ..
SIMATIC® S7 Date:  12.03.03 “z‘ SITRAIN Training for
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Acquisition, Processing and Outputting Data
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operating t / 5 buttons,
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Process L |
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Binary/Digital True logic control systems are recognizable in the fact that they exclusively

Processing process binary data.

The performance of today's control computer, as well as tasks in the data
processing, quality control areas, among others, has increased the importance
of digital data processing using PLCs.

Digital process variables can be found in all areas of open-loop control - such as
in connected devices for process operating and monitoring or in the control of
field devices.

Operating and The goal of process monitoring is to provide the operator with up-to-the-minute

Monitoring information about the working machine or system quickly, concisely and clearly
as well as the opportunity to intervene and control and influence the process.
While in the past mostly simple, that is, "dumb" input and output devices, such
as 7-segment displays and thumbwheel buttons were used to display and enter
digital values, today "intelligent" operating and monitoring devices are frequently
connected to a PLC.

Field Devices Today as well, field devices that acquire process data or that control the process
are supplied directly with digital variables through field bus systems. The
connection of field devices, such as drives or weighing systems, using analog
input and output modules is becoming more and more a thing of the past.

Formats Depending on the type of device connected, different number formats for the
coding of data are used to transmit data between device and PLC, as well as for
storing and processing data in the PLC.

SITRAIN Training for ST-7PRO1
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Integer (INT, 16-Bit Integer) Data Type
Value Range -32768 to +32767 Arithmetic
(without sign: 0 to 65535) Operations: such as +1, * 1, <I, ==l
| Display Formats: |
151413121110 9 8 7 6 5 4 3 2 1 0
DEC: + 662 |BIN.: 2# pOOOOOlOlOOlOllO| |HEX W#160296
S +;29 without
i - N 7 sign
/ Sign : 2 . 9 6x16°: 6
......... 4 POSItiVE wdevrrrrnk +2 N
‘numbers, +2? ) 9x16' =144
N +2 2x16° = 512
+ 662 662
151413121110 9 8 7 6 5 4 3 2 1 0
DEC: -662 | BIN.: 2# 1lllllOlOllOlOlO| |HEX W#16FD6A
S jis | without
P N sign
i ; Sign \ i
L ' negative BB {10 x 16° =16
numbers / Lot i i 6x16'= 96
________ o~ _~_-_—:_’___ 421 +2 +2 P i 13x16°= 3328
: Representation as | +2° +2° +2 15x16°= 61440
: twos complement : - 662 64874

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Integer Data Type
(16-Bit Integer)

Decimal

Binary
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An Integer data type value is a whole number value, that is, a value without a
decimal point.

SIMATIC® S7 stores Integer data type values with sign in 16 bit code. This
results in the value range shown in the slide above. As well, SIMATIC® S7
provides arithmetic operations for processing Integer values.

STEP7 uses the Decimal (not BCD!) display format to specify the constants of
the Integer data type. That is, with sign and without explicit format description.
The use of constant Integer values in the Binary and Hexadecimal display
formats is possible in principle, but because of the poor legibility, they are more
or less not suitable. For this reason, the syntax of STEP7 provides the
specification of Integer values only in the decimal display format.

In a digital computer system, all values are stored in a binary-coded form. Only
the digits 0 and 1 are available in the binary number system. Base 2 of this
numbers system results from the number of available digits. Accordingly, the
value of every position of a binary number results from a power of Base 2. This
is also expressed in the format specification 2#.... .

Negative values are represented as binary numbers in twos complement. In this
representation, the most significant bit (bit no. 15 for the Integer data type) has
the value - 215, Since this value is greater than the sum of all residual values,
this bit also has the sign information. That is, if this bit = 0, then the value is
positive; if the bit is = 1, then the value is negative. The conversion of a binary
number into a decimal number is made by adding the values of the positions
that have a 1 (see slide).

Specifying constants in the binary display format is not only used for specifying
Integer values, but more often to specify bit patterns (such as in digital logic
operations) in which the Integer value represented by the bit pattern is of no
interest. The number of specifyable bits is variable from 1 to 32. Missing bits are
filled with leading zero digits.

SITRAIN Training for
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Value Range

Double Integer (DINT, 32-Bit Integer) Data Type

L# -2147483648 to L#+2147483647
(without sign:

| Display Formats: |

Arithmetic

0 to 4294967295) Operations: such as +D, * D, <D, ==D

3130 2928272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 0

) ]
I Representation as !
twos complement

1 ]
L ___________ 1

[ DEC: L# +540809 | [ BIN.:. 2# 0000/0000/0000[1000/0100/0000[1000[100 1]
H /,, Sign \\\ H
e e POSILIVE ot
\ .numbers
|HEX: DW#16# 0 O O 8 4 0 8 9
(without sign)
31302928272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 0
| DEC: L# -540809 | [BIN: 2# 11111111111101111011111101110111]
y Sign Y
t-negative -
\.numbers ,/

HEX: DW#le# F F F 7 B F 7 7

(without sign)

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Double Integer
(32-Bit Integer)

Decimal

Hexadecimal
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SIMATIC® S7 stores Double Integer data type values with sign as 32 bit code.
This results in the value range shown in the slide above. As well, SIMATIC® S7
provides arithmetic operations for processing DINT values.

STEP7 uses a decimal number (not BCD!) to specify a constant of the Double
Integer data type. That is, with sign and the format L# for "long" (double word,
32 bit).

When a value smaller than -32768 or greater than 32767 is specified, the format
L# is automatically added. For negative numbers smaller than -32768, the user
must specify the format as L# - (for example: L# -32769). This is imperative if
the value is to be further processed arithmetically as a double integer. Otherwise
you would work with false values (value + sign!)!

The hexadecimal numbers system provides 16 different digits (0 to 9 and
A to F). This results in Base 16 of this numbers system. Accordingly, the value
of every position of a hexadecimal number results from a power of Base 16.

Hexadecimal numbers are specified with the format W# for the dimension

(W = word = 16 bit) or DW# (DW = double word = 32 bit) and 16# for identifying
the basic numbering system. The number of specifyable bits is variable from 1
to 8. Missing bits are filled with leading zero digits.

The digits A to F correspond to the decimal values 10 to 15. The value 15 is the
last value that can be binary-coded - without sign - with 4 bits. This connection
results in the simple conversion of a binary number in a hexadecimal number
and vice versa. Four binary bits make up one digit of a hexadecimal number.

Constants in the hexadecimal format are therefore not used for specifying
integer values. They are used instead of binary numbers for specifying bit
patterns in which the integer value represented by the bit pattern is of no
interest.

SITRAIN Training for
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REAL (Floating-point Number, 32 Bit) Data Type

Value Range -1.1754951038 to 3.40282310*38 Arithmetic
Operations: suchas +R, *R, <R, ==R
sin, acos, In, exp, SQR

General Format of a Real Number = (Sign) « (1.f) « (2¢°127)

Example: 7.50000e-001 (7.5 * 101 = 0.75)

Sign of ] ]
Real No. e = Exponent (8 Bit) f = Mantissa (23 Bit)
|

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

M6 o211111101000000/0000000000000000

27 26 25 24 23 22 21 20 2-1 2-2 2-3 2-4 .. 2-23
L | L

v

Real No. = +1.5 * 2 126-127 = 9 75

SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_08E.6 - Automation and Drives
Real The previously described INT and DINT data types are used to store whole A

number values with sign. Accordingly, only operations that supply a whole
number value as the result can be performed with these data types.

In cases where analog process variables such as voltage, current, and
temperature have to be processed, it becomes necessary to use Real values
(real numbers, "decimal numbers"). In order to be able to represent such values,
binary digits have to be defined whose value is less than 1 (power of base 2 with
negative exponent).

Real Format In order to be able to form the greatest possible value range within a defined
memory capacity (for SIMATIC® S7: double word, 32 bit) (see slide), you must
be able to select the decimal point position. Early on, IEEE defined a format for
floating-point numbers. This format was laid down in IEC 61131 and was
included in STEP 7. This format makes it easy to process a variable decimal
point position.

In a binary coded floating-point number, a portion of the binary digits contain the
mantissa and the rest contain the exponent and the sign of the floating-point
number.

When you specify real values, you do so without specifying the format. After you
enter a constant real value (for example: 0.75), the Editor automatically makes
a conversion (for example: 7.5000e-001).

Application Floating-point numbers are used for "analog value processing", among others.
A great advantage of floating-point numbers is in the number of operations
possible with such numbers. These include, in addition to the standard
operations such as: +, -, *, / also instructions such as sin, cos, exp, In, etc, that
are used mainly in closed-loop control algorithms.

SITRAIN Training for - ST-7PRO1
Automation and Drives Page 6 Digital Operations
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Value Range

The BCD Code for Inputting and Outputting Integers

16 Bit: -999 to + 999 Conversion
32 Bit:  -9999999 to + 9999999 Operations: BTI, BTD, ITB, DTB

(no arithmetic!)

______________________

§ 8 W cll=)clio

VYVVVVVVVVVVVYVYVY
16 Bit: | BIN.. 2# 0000001010010110]

| I I I I
|

N —
©
2]

Sign (+)
[HEX:  W#16# o0 2 9 6 | |[DEC: +662
Sign(+) 0 0 0 0 2 9 6

325it;| BIN.: 2# Oxxx0000000000000000001010010110

[HEX:  DW#16# 0 0 0 0 2 9 6 | |DEC: +662]

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Origin

BCD Code

Negative Numbers

Data Formats
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In the past, the specification and visualization of whole nhumbers was done
exclusively using simple, mechanical thumbwheel buttons and digital displays.
These thumbwheel buttons and digital displays were connected to the PLC's
digital input and output modules through parallel wiring. The structure could also
be cascaded, without having to change the mechanical coding of a digit.

Each digit of a decimal number is encoded in four bit positions. Four bits are
used because the highest decimal digit, 9, requires at least four bit positions in
binary code.

Decimal No. BCD Code Decimal No. BCD Code
0 0000 6 0110
1 0001 7 0111
2 0010 8 1000
3 0011 9 1001
4 0100 10...15 not allowed
5 0101

So that negative numbers can also be specified using a BCD thumbwheel
button, STEP 7 codes the sign in the most significant bit of the most significant
digit (see slide). A sign bit = 0 indicates a positvie number. A sign bit =1
indicates a negative number.

STEP 7 recognizes 16-bit-coded (sign + 3 digits) and 32-bit-coded (sign + 7
digits) BCD numbers.

There is no data format for specifying BCD-coded values in STEP 7. You can,
however, specify the decimal number whose BCD code is to be given, as a HEX
number. The binary code of the HEX number and that of the BCD-coded
decimal number is identical.

As you can see in the slide, the DEC data format is not suitable for specifying
BCD coded numbers!

SITRAIN Training for
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n H H H m, H
Monitor / Modify Variables": Display Formats

I\-"Iunituring and Modifying Yariables - [@Formats — I\-‘ly,: =1alxi

Y3 Table Edit Insert PLC Varisble Wiew Options Window Help =] x|

*| Dzl 8| slmle] ]| x| [ 8| x| SfeTe o6la) w)

Address| Symbol | Display format ‘ Status value

1 | #¢ Exampl &: The Simulator's 16 Switches are wired to w0 [Data tppe: WORD)

2 [h 0 "Simulator_switch_all” BIM 2#0000_0010_1001_0110

3 =

4

5118 0 :"Simulator_switch_upper” BIM 280000_0070

6 [IB 1 i"Simulator_switch_lower BIM a#001_011n - <—

7

8 [l 1.7 "Spae_swich" BOOL " true |

9|10 T Faul_Rst BOOL [ e ———

10] 44 ... The bit pattemn rezults as the number interpreted as

1w 0 "Simulato_switch_all" HEX WHIEHO29E

12| 0 :"Simulator_switch_all” DEC BE2

13

14

15| #/ Example B: & quantity stored in Memory Word W20 (D ata type: IMT]

16| w  20: "Mw_Parts" DEC 296

17[ w200 "MW_Parts" HEX WHIBHOT28

18[ w200 "MW _Parts" BIN 240000_0001_0010_1000

19 M ¥

20 v

21[ME 20 "MW20-Highbyte" BIN 240000_0001

22(MB 21 "Mw20-Lowbyte” BIN 2400101000 <

23

24

25| /! Example C: & mean value stored in Memory doubleword MD 22 [Data twpe: REAL)

26(MD 22 :"Mean” FLOATING_POINT 296.0

27[MD 22 "Mean” BIN 2400_0011_1001_0100_0000_0000_0000_0000

28

29

30| #/ Example D: Exaple of a faulty access

3w 21 unk” {BIN 240010_1000_0100_0011

32

IMy_ProjectiMy_Station'...\My_Prograrm 2 [STaRT [ A

N ..

SIMATIC® S7 Date:  12.03.03 .;‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_08E.8 - Automation and Drives
Display Formats Different display formats can be selected in both the "Monitor / Modify Variables"

and the "Monitor (Block)" test function when displaying variables or register
contents in STL.

Every variable can be monitored with several display format options. Depending
on the variable's data type, it becomes apparent that monitoring with the
appropriate display format makes more sense.
BOOL.: Display of a single bit

(only possible for a variable of the BOOL data type)

BIN: Display of the individual bits of a variable
(makes sense for variables of the BYTE, WORD, DWORD data

types)

HEX: Display the contents of a variable as hexadecimal number (BCD)
(makes sense for variables of the BYTE, WORD, DWORD data
types)

DEC: Display the contents of a variable as decimal number (not BCD!)
with sign (makes sense for variables of the INT, DINT data types)

FLOATING_ Display of the contents of a variable as floating-point number
POINT (makes sense for variables of the REAL data type)

Addressing The memory of S7 controllers is byte-oriented. As a result, the memory word
MW 20 contains the memory bytes MB 20 (highbyte) and MB 21 (lowbyte). The
memory double word MD 22 contains the memory bytes MB 22, 23, 24 and 25
(see examples in the slide).

When there is an absolute access of variables (such as with "L~ MW 20"), you
must make sure that the dimension of the access (MB..., MW... or MD...) as well
as the address (is always the address of the high byte) is correct. If you make
an unintentional access "in between", an invalid value will be loaded!

The example in the slide shows that when the MW 21 was loaded, part of the
variable "MW _Parts" (MW 20) and the variable "Mean" (MD 22) was loaded.
Such errors can be avoided with a symbolic addressing of variables.

SITRAIN Training for - ST-7PRO1
Automation and Drives Page 8 Digital Operations
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Loading and Transferring Data (1)
MOVE MOVE
L +5
— EN ENO |— — EN OUT — MB5 T MBS
5 —IN OUT |— MB5 5 —IN ENO—
Examples L +5 I 16-bit constant (Integer)
of Load L L#523123 I 32-bit constant (Double
Integer)
L B#16#EF 1 byte in hexadecimal form
L 2#0010 0110 1110 0011 1 16-bit binary value
3.14 1 32-bit constant (Real)
SIMATIC® S7 Date: 120303 WPl STRAIN Training for

Siemens AG 2003. All rights reserved. File: PRO1_08E.9

MOVE (LAD/FBD) If the EN input is active, the value at input "IN" is copied to the address at output
"OuUT".

"ENO" has the same signal state as "EN".

L and T (STL) Load and transfer instructions are executed regardless of the RLO. Data is
exchanged through the accumulator.

The load instruction writes the value from the source address right-justified into
accumulator 1 and pads the remaining bits (32 bits in all) with "0"s.

The transfer instruction copies some or all of the contents of the accumulator 1
to the specified destination (see next page).

SITRAIN Training for - ST-7PRO1
Automation and Drives Page 9 Digital Operations
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Loading and Transferring Data (2)
roaran ‘accur| ‘accuz |
XIXIXIjI}XIXIXIX IYIYIYIY{I}YIYIYIYI
—
LW#le#CAFE:)o|o|o|o|c|A|F|E x [ x [ x x| x [ x]x]x
—
/_/\
 wisswarre =)o [o [o[o[a v [r]e]|[oololo e a[ ]

SIMATI C® S7 Date: 12.03.03 3" SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_08E.10 W™ Automation and Drives
ACCU1 ACCU 1 is the central register in the CPU. When a load instruction is executed,

the value to be loaded is written into ACCU 1. For a transfer instruction, the
value to be transferred is read from ACCU 1. Results of the mathematical
functions, shift and rotate operations, for example, are also entered in ACCU 1.

ACCU2 When a load instruction is executed, the old contents of ACCU 1 are first shifted
to ACCU 2 and ACCU 1 is cleared (reset to "0") before the new value is written
into ACCU 1.

ACCU 2 is also used for comparison operations, digital logic operations,
mathematical and shift operations. These operations will be discussed in detail
later on.

SITRAIN Training for - ST-7PRO1
Automation and Drives Page 10 Digital Operations
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Loading and Transferring Data (3)

Contents of ACCUL

Program

31 23 15 7
L MBO |:>|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|ol MBO |

7 0

31 23 15
Load
L MWO o|olofo]o|o|o|o]o[o[o|o|ofo|0]O MBO MB1

31
L MDO
|:>|\ MBO | MB1 | MB2
% /]
T QD4 D

HH Transfer T Qw4

23 15 7 0
| MB3

T QB4 q
A 4
QB 4
Si MATIC® S7 Date: 12.03.03 zv‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_08E.11 W™ Automation and Drives
General Accumulators are auxiliary memories in the CPU for data exchange between

various addresses used in comparison and mathematical operations.
The S7-300™ has two accumulators which are 32 bits each and the S7-400™
has four accumulators also with 32 bits each.

Load The load instruction loads the contents of the specified byte, word or double
word into ACCU 1.

Transfer When a transfer instruction is executed, the contents of ACCU 1 are retained.
Therefore, the same information can be transferred to different destinations. If
only one byte is transferred, the eight bits farthest to the right are used (see
diagram).

RLO In LAD and FBD, you can use the Enable input (EN) of the MOVE box to make
load and transfer operations dependent on the RLO.

In STL, load and transfer operations are always executed, regardless of the
RLO. You can implement an RLO-dependent load and transfer by using
conditional jumps to skip the load / transfer instructions.

SITRAIN Training for - ST-7PRO1
Automation and Drives Page 11 Digital Operations
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S5 Counters in STEP 7
C5 C5 e
S_CuD S_CuD S
10.4 - Q8.3 - A 105
— —cu QX ||104 —cu CD C5
10.5 A 103
—— —cp CVI—MwW4 | | 105 — CD LSl
S G5
10.3 A 107
— s CV_BCD— QW 12| [10.3 — S cV |— Mw4 R C5
L G5
C#20— PV C#20— PV CV_BCD| — QW 12 T MwW4
10.7 Q83 LC C5
— R 10.7 — R Q— = T ACue
A C5
= 083
® . B4 SITRAIN Training for

Ssmlrnlz/r!sAA\;erOO% AI§g7hts reserved. Ei?et:e. é%OOEIESSE.lz !!‘ Automation ;nd Drglés

Counter Value A 16-bit word is reserved for each counter in the system data memory. This
word is used for storing the counter’s value (0 to 999) in binary code.

Count Up When the RLO at the "CU" input changes from "0" to "1", the counter’s current
value is incremented by 1 (upper limit = 999).

Count Down When the RLO at the "CD" input changes from "0" to "1", the counter’s current
value is decremented by 1 (lower limit = 0).

Set Counter When the RLO at the "S" input changes from "0" to "1", the counter is set to the
value at the "PV" input.

Reset Counter When the RLO at the Reset changes from "0" to "1", the counter’s value is set to
zero. If the reset condition is fulfilled (stays "high"), the counter cannot be set
and counting in either direction is not possible.

PV The preset value (0 to 999) is specified in BCD format at the "PV" input as:

» asaconstant (C#...)
» aBCD format through a data interface.

CV/CV_BCD The counter value can be loaded as a binary number (CV) or BCD number
(CV_BCD) into accumulator 1 and then transferred to other addresses.

Q The signal state of the counter can be checked at output "Q":

e Count =0 -> outputQ=0
e Count><0 -> outputQ =1
Types of Counters ¢« S CU = Up counter (counts up only)
e S _CD = Down counter (counts down only)
e S _CUD =Up/Down counter.
SITRAIN Training for ST-7PRO1
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Counters: Function Diagram

LA
o NANNT LT
|
i,

Cu

5
4
3 A
Count ] u
2 \ A ‘J‘ ! -
1 v J J A A
A A
0 A
Q
SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_08E.13 - Automation and Drives
Notes When the counter reaches its maximum value (999), the next count up signal
does not affect the counter. Likewise, when the counter reaches its minimum
value (0), the next count down signal does not affect the counter. The counters
do not count above 999 of lower than zero.
If an up count and a down count signal occur at the same time, the count
remains the same.
SITRAIN Training for ST-7PRO1
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Counters: Bit Instructions
Network 1: C5
| 10.0 o5 10.0— SC A L
| | (e | ;
|1 \5¢ 1 c#20—|{ cv L C#20
C#20 S C5
Network 2:
10.1 c5 C5 A [
| | (e | 10.1 -cu )
| | GV )— CU C5
Network 3:
10.2 C5 C5
A 10.2
| | (en) |
| | \°P )— 10.2 CD C5
Network 4:
| C5 04.0 Q4.0 A C5
| () 1 ||
i \ = = Q40
SIMATIC® S7 Dae 120308 WP STRAN o o

Siemens AG 2003. All rights reserved.

Bit Instructions

Note

All counter functions can also operate with simple bit instructions. The
similarities and differences between this method and the counter functions
discussed so far are as follows:

* Similarities:
- Setting conditions at the "SC" input
- Specification of the counter value
- RLO change at the "CU" input
- RLO change at the "CD" input
+ Differences:

- Itis not possible to check the current counter value since
there are no Binary (CV) or BCD (CV_BCD) outputs.

- There is no binary output Q in the graphical representation.

IEC-compliant counters can also be implemented in STEP 7.
The use of system function blocks for implementing IEC counters is dealt with in
an advanced programming course.

SITRAIN Training for
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Exercise: Counting the Transported Parts (FC 18, C 18)
DI po Q i----
10.0 | ¥ | T_System_ON # | 0 ACTUAL number of parts
101 |0 | T_System OFF L svysTem| # | 1 RO
102 | | T_dog_RT Lman| #® | .2 %ﬂ 2| 0| ¢ N g
103 [ | T Jog LT L AUTO| # [ .3 { (11? v
10.4 \) S_M/A_ModeSelect * 4
105 | Y0 | T_MiA_Accept # |5 QW 12/ QW 6
106 | 9 * 6 ABV.HISV L o -16V..+15V
10.7 b * 7 AlL @AOZ
» . @ @
b ‘ All Al2
; : o
b ‘ [ [ d [}
) * ol slils (o M) 0|0
b ‘ All Al2 AO1 AO2
b 3 O o o o o o o o
o .
® b raining for
SIMATIS T oue.  gpos0s WP STRAN Tanmo o

Siemens AG 2003. All rights reserved.

Function Up Till Now Inthe AUTO mode, parts are transported from Bay 1 or Bay 2 to the Conveyor's

Task:

What To Do:

End passing through the light barrier. The transportation function starts as soon
as a part is placed on Bay 1 or 2 and the associated momentary contact switch
at that bay is pressed and it ends as soon as the part has passed through the
light barrier.

» The parts transported in the AUTO mode are to be counted as soon as they
have passed through the "LB" light barrier ("LB" 0->1).

» The number of transported parts (ACTUAL number of parts) is to be
displayed on the BCD digital display.

» The counter is to be reset when the system is switched off
(Q8.1/41="0").

» Program the counting of the transported parts in function FC 18. Use the
S5 counter (C 18) in FC 18 for this.

» Program the call of FC 18 in OB 1

SITRAIN Training for

Automation and Drives

ST-7PRO1
Page 15 Digital Operations



SIEMENS

Timers: ON Delay (SD)
T4 T4
10.7 S_oDT Q85 S_oDT A 10.7
| s Q—( ) 07 —s Bl F—Mwo | L S5T#35s
S5T#35s — Tv Bl — Mwo S5T#35s — —QW12 Sh T4
10.5 ™V BCDTT g5 | A 105
| R BCD [~ QW12 10.5 —| R o =] R T4
L T4
T MWO
RLOat S I I ||
_| - LC T4
RLO at R | T Qw12
A T4
Timer - = Q8.5
operation
Example N
Q [ ]
00Ill 1 [T TTTTTTTTT]
.01s <--
Data type 0.1s<- [0]1 i
S5TIME 1s < [1]0] Units of time: 0to 999 (BCD-coded)
10s<-- 1111
SIMATIC® S7 Dae 120303 WP STRAN o o

Siemens AG 2003. All rights reserved.

Start

Reset

Digital Outputs

Binary Output

Note

The timer starts when the RLO at the Start input "S" changes from "0" to "1".
The timer starts with the time value specified at the Time Value "TV" for as long
as the signal state at input "S" =1.

When the RLO at the Reset input "R" changes from "0" to "1", the current time
value and the time base are deleted and the output "Q" is reset.

The current time value can be read as a binary number at the "Bl" output and as
a BCD number at the "BCD" output.

The current time value is the initial value of "TV" minus the value for the time
that has elapsed since the timer was started.

The signal at the "Q" output changes to "1" when the timer has expired without
error and input "S" has signal state "1".

If the signal state at the "S" input changes from "1" to "0" before the timer has
expired, the timer stops running and output "Q" has a signal state "0".

In STEP 7, you can also implement IEC conforming timers using SFBs.
The use of system function blocks is dealt with in an advanced programming
course.

SITRAIN Training for
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Time specifications as constants

Timers: Time Formats for S5-Timers in STEP 7

S5T#35s200ms
(Time base: 01 (100ms), Number of units of time: 352)

01 3 5 2

Time specifications per variable

[x[x[o]s]ofefs]s]o]s]o]s]o]a]s]o]

Time base

Units of time (BCD-coded)

29 28

27 26

25

24

23

22

21 20

Accu 1 contents after “L T...” exec |x|x|x|x|x|x|o|1|o|1|1|0|0|0|0|0|

Oll

3
1

Residual units of time (Integer)

5
1

2
1

I

Accu 1 cont. after “LC T...” exec.

[x[x[o]s]ofefs]s]o]s]o]s]o]a]s]o]

Time base

Residual units of time (BCD-coded)

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Time Specification

Time Base

Units of Time

L /Bl

LC/BCD

SITRAIN Training for
Automation and Drives

12.03.03
PRO1_08E.17

Date:

ol
File: ‘=

Time values can be fixed and are specified as time constants. The permissible
range in which the time values are found ranges from S5T#10ms to
S5T#2h46m30s0ms.

Variable times can be specified using variables (such as memory words or data
words) containing the S5TIME data type. The user must make sure that the
appropriate time base and the number of units of time, as shown in the slide, are
stored in the variable in his program.

The time base defines the interval at which the number of units of time is to be
decremented by one unit when the timer runs. Bits 12 and 13 of the variable
must contain the time base as a binary-coded number:

Time base 0 (bit 13 =0, bit12=0) = 10ms
Time base 1 (bit 13 =0, bit12=1) = 100ms
Time base 2 (bit 13=1,bit12=0) = 1s
Time base 3 (bit 13=1,bit12=1) = 10s

The number of units of time must be specified as a BCD-coded number. When
the number of units of time are multiplied by the time base, this results in the
desired time value. The range from 1 to 999 is possible. When there is a time
specification using a constant (S5T#...), the system automatically uses the
smallest possible time base and the number of units of time.

At output "BI" or with the instruction "L T...", the residual time value (number of
units of time) of the timer is queried as an integer without time base.

At output "BCD" or with the instruction "LC T...", the residual time value
(number of units of time) of the timer is queried as a BCD-coded number with
the time base in Bit 12 and 13.

SITRAIN Training for
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Timers: Stored ON Delay (SS)
T4 T4 A 107
10.7 S_ODTS 085 S_ODTS L  S5T#35s
| s Q—( ) 107 —'s Bl F—MWO Ss T4
'—|{R  BCD [ Qw12 105 —|R B L T4
i S T MWO
LC T4
T Qwi2
A T4
= Q85
RLO at S _| _| —|_ |_
RLO atR —| —| —|
Timer
operation
Example N
Q
SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_08E.18 ~ Automation and Drives
Start The stored-on-delay timer starts when the RLO at the "S" input changes from "0"
to "1". The timer runs starting with the time value specified at input "TV" and
continues to run even if the signal at input "S" changes back to "0" during that
time.
If the signal at the start input changes from "0" to "1" again while the timer is still
timing down, the timer starts again from the beginning.
Reset When the RLO at reset input "R" changes from "0" to "1", the current time value
and the time base are deleted and output "Q" is reset.
Binary Output The signal state at output "Q" changes to "1" when the timer has expired without
error, regardless of whether the signal state at input "S" is still "1".
SITRAIN Training for ST-7PRO1
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Timers: Pulse (SP)
T4 T4 A 107
107 S_PULSE 085 S_PULSE L  S5T#35s
|| S Q —< > 10.7 — S Bl —MWO0 SP T4
SST#clagsS— TV Bl = S5T#35s —|Tv BCD_S\éVéz g 'TZ'S
'—{rR  BCD [ Qw12 105 —|R B L T4
! < T  MWO
LC T4
T Qwi2
A T4
= Q85
RLO at S | |_ U_l—
RLO atR |—
Timer
operation
Example |
Q i L1
SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_08E.19 - Automation and Drives
Start The pulse timer starts when the RLO at the "S" input changes from "0" to "1".
Output "Q" is also set to "1".
Reset Output "Q" is reset when:
» the timer has expired, or
» the start "S" signal changes from "1" to "0", or
» theresetinput "R" has a signal state of "1".
SITRAIN Training for ST-7PRO1
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Timers: Extended Pulse (SE)

)

o I, A 107
I |O|7 S_PEXT Q8.5 S_PEXT L  S5T#35s
/s Q—C ) 107 —'s BIF—MWO SE T4
S5T#35s —| TV Bl = Mmwo A 105
S5T#35s —| — QW12
10.5 TV BCDT A3 R T4
| | R BCD [ QW12 L T4
11 105 —|R —| =
Q T MWO
LC T4
T Qwi2
A T4
= Q85
RLO at S | I_ |_ U_l—
RLO atR |—
Timer
Operation
Example — |
Q | B [ e
SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_08E.20 - Automation and Drives
Start The extended pulse timer starts when the RLO at the "S" input changes from "0"
to "1". Output "Q" is also set to "1".
The signal state at output "Q" remains at "1" even if the signal at the "S" input
changes back to "0".
If the signal at the start input changes from "0" to "1" again while the timer is
running, the timer is restarted.
Reset Output "Q" is reset when:
» the timer has expired, or
» theresetinput "R" has a signal state of "1".
SITRAIN Training for ST-7PRO1
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Timers: OFF Delay (SF)
T4 T4 A 107
10.7 S_OFFDT 085 S_OFFDT L  S5T#35s
| s Q—( ) 107 —'s Bl —Mwo SF T4
— - A 105
S5T#I3?)35 TV Bl = mMwo S5T#35s —|1v BCD_S\é\%Z S
'—{R  BCD[ Qw12 105 —|R L= ] L T4
. S T MWO
LC T4
T Qwi2
A T4
= Q85
RLOatS J_ L
RLO atR |
Timer B
operation
Example
Q . L1 L

SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for

Siemens AG 2003. All rights reserved. File: PRO1_08E.21 - Automation and Drives

Start The off-delay timer starts when the RLO at the "S" input changes from "1" to "0".
When the timer has expired, the signal state at output "Q" changes to "0".

If the signal state at the "S" input changes from "0" to "1" while the timer is
running, the timer stops. The next time the signal state at the "S" input changes
from "1" to "0", it starts again from the beginning.

Reset When the RLO at reset input "R" is "1", the current time value and the time base
are deleted and output "Q" is reset.

If both inputs (S and R) have signal states of "1", output "Q" is not set until the
dominant reset is deactivated.

Binary Output Output "Q" is activated when the RLO at the "S" input changes from "0" to "1". If
input "S" is deactivated, output "Q" continues to have signal state of "1" until the
programmed time has expired.

SITRAIN Training for ST-7PRO1
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Timers: Bit Instructions
Network 1:
T4
'lo-lo /T“\ | 100 — & [— sp A 10.0
| || \SD/ | L S5T#5s
S5T#58 — TV
S5T#5s SD T4
Network 2:
| T4 0 8.0 Q8.0 A T4
| | ( I =
| \ S T4 — & — | = Q80
Network 3:
10.1 T4 I A 101
I H <R> I loi— & — R | R T4
® . B4 SITRAIN Training for
Ssmlrnlz/r!sAA\IZIlm% AI§g7hts reserved. Ei?et:e. é%OOEIESSE.ZZ !!‘ Automation ;nd Drgl;s
Bit Instructions All timer functions can also be started with simple bit instructions. The
similarities and differences between this method and the timer functions
discussed so far are as follows:
e Similarities:
- Start conditions at the "S" input
- Specification of the time value
- Reset conditions at the "R" input
- Signal response at output "Q"
» Differences (for LAD and FBD):
- Itis not possible to check the current time value (there are no "BI" and
"BCD" outputs).
SITRAIN Training for ST-7PRO1
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Exercise: Monitoring of the Transport Functions (FC 17)
DI po Q i----
10.0 | ¥ | T_System_ON el # 0 ACTUAL number of parts
101 | o T_System_OFF L _System| # A o vwrrres, 2
102 | 0 | T_jog_RT LmanN| #® | .2 %ﬂ AN . -
103 | Y | T Jog LT L AUTO| # | .3 AKAK v
10.4 \) S_M/A_ModeSelect * 4
105 | ®© | T_WA Accept # |5 QW 12/ QW 6
10.6 b * 6 ASV.#15V o -15V.+15V
M al 080
110 | o T_Fault_Rst *
» * All Al2
“ * Weight @
b ‘ [ [ [ [}
® * osl1ls o|0 o|O
b ‘ All Al2 AO1 AO2
o * O o o o o o o o
A *
® = raining for
SIMATIS o oe: 220503 W1 STRAN Tenvo e

Siemens AG 2003. All rights reserved.

FC 16 Up Till Now:

Task:

What To Do:

In AUTO mode, parts are transported from Bay 1 or Bay 2 to the Conveyor's
End. The transportation function starts as soon as a part is placed on Bay 1 or
Bay 2 and the associated momentary contact switch at that bay is pressed and
it ends as soon as the part has passed through the light barrier.

You are to create a program that will monitor for a fault condition while in the
AUTO mode and stop the conveyor if a fault occurs. Monitoring is to function as
follows:

» If a part does not pass through the Light Barrier within 6 seconds of its start
time, generate a fault and turn the conveyor motor OFF (REMINDER:
conveyor motor is controlled in FC 16)

» Afaultis displayed with a 2 Hz flashing light (bit no. 3 of the CPU clock
memory byte MB 10) at the simulator LED Q 8.0/ Q 4.0

» A fault must be acknowledged through the simulator momentary
contact switch "T_Fault Rst"11.0

» The conveyor can only be started as described above after the fault has
been acknowledged. (lock-out in FC 16)

» Program the described monitoring function in FC 17
- Use the S5timer T 17 as ON delay (SD) for monitoring

- Set the M 17.0 bit memory when a fault occurs so that you can then
process it in FC 16.

» Program the call of FC 17 in OB 1

* Modify FC 16 to include the necessary lock-out or switching off of the
conveyor motor when a fault occurs.
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Conversion Operations BCD <-> Integer

Numb C i
e#trgre?jrin BCD EE ::> Bgrlljv-irlﬂtc:eréer ::>

2=t integer math
. operations
Number o Conversion
displayed R <~ BCD<-Integer -
in BCD

User program with

)

W4 —IN

BCD | BCD_| L W4
}7- EN

ENO |— —EN OouT |— Mw20 BTI

OUT |— mw20 W4 — IN ENO |—

|_BCD | BCD L MW10
}7- EN

ENO — —EN ouT [— QW12 ITB
T QW12
MW10 — IN OUT [— Qw12 MW10—{ IN ENO | —
SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_08E.24 ~ Automation and Drives
Example A user program is to perform mathematical functions using values entered with
thumbwheel buttons and display the result on a digital display. Mathematical
functions cannot be performed in BCD format, so the format must be changed.
Conversion The instruction set of the S7-300™/400™ supports a multitude of conversion

Instructions

EN, ENO

ouT

BCD_| / BTI

| BCD / ITB

BCD_DI / BTD

DI_BCD / DTB

operations. The instructions all have the same format.

If RLO is =1 at Enable input EN, the conversion is performed. Enable output
ENO always has the same signal state as EN. If this is not the case, it is clearly
indicated in the corresponding instructions.

When EN=1, the value at IN is read into the conversion instruction.
The result of the conversion is stored at the address at the OUT output.

(Convert BCD to integer) reads the contents of the IN parameter as a three-digit
BCD number (+/- 999) and converts it to an integer value (16 bits).

(Convert integer to BCD) reads the contents of the IN parameter as an integer
value (16 bits) and converts this value to a three-digit BCD number (+/- 999). If
an overflow occurs, ENO = 0.

Converts a BCD number (+/- 9999999) to a double integer (32 bits).

Converts a double integer to a seven-digit BCD number (+/- 9999999). If an
overflow occurs, ENO = 0.
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Comparison Operations
M34 | CMP==l | 597 CMP == A M3.4
mlm O A
o —{In L
| WO — IN1 -
| W2 — IN2 | W2 — IN2 07| D)
& | XLz Q9.7
M3.4 —]
SIMATIC® S7 Date:  12.03.03 31 SITRAIN Training for
File: PRO1_08E.25 Automation and Drives

Siemens AG 2003. All rights reserved.

CMP

You can use comparison instructions to compare the following pairs of
numerical values:

I Compare integers (on the basis of 16 bit fixed-point number)
D Compare integers (on the basis of 32 bit fixed-point number)

R Compare floating-point numbers (on 32 bit real number basis =
IEEE floating-point numbers).

If the result of the comparison is "true”, then the RLO of the operation is "1",
otherwise it is "0".

The values at inputs IN1 and IN2 are compared for conformity with the specified
condition:

IN1 is equal to IN2

<> IN1 is not equal to IN2

> IN1 is greater than IN2

< IN1 is less than IN2

>= IN1 is greater than or equal to IN2
<= IN1 is less than or equal to IN2.
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Basic Mathematical Functions

ADD_| ADD_| L MW4

HH Addition }7 EN ENO[— —|EN OUT[— MW6 L MW10
E—/ MW4 —1IN1  OUT|— MW6 MW4 1 N1 +1

MW10 —1IN2 MW10 —IN2 ENO [— T MW6

Q\ SUB_I SUB | L MW8

Subtrac- L

HH B o |7 EN ENOI— —EN  OUT [— MWe L MW12
A MW8—| N1 OUT |—mwe MW8 — IN1 -

MW12 —|IN2 MwW12 —{IN2__ENO [— T AR

%\ MUL_R MUL_R L MD6

Multipli- = -

HH o Y)——|en Enol— —|En OUT[— MDE6 || | ypp
/[ MD6 — N1 ouT|— MmDs6 MD6 — IN1 *R

MD12 —IN2 MD12 —1]IN2 ENO [— T MD66

N DIV_R DIV_R L MD40

- — — MD32

|]|:| Division EN ENO [— EN OUT L MD4
—( MP40 —| N1 ouT | —MD32 MDA40— IN1 /R

mMpD4a — IN2 MD4 —{IN2 ENO [— T MD32

SIMATIC® S7 Date:  12.03.03 ‘51 SITRAIN Training for

Siemens AG 2003. Al rights reserved. File: PRO1_08E.26 ~ Automation and Drives

General The instruction set of the S7-300™/400™ supports a multitude of mathematical
functions. All the instructions have the same format.

EN The instruction is executed if RLO is =1 at Enable input EN.

ENO If the result is outside the permissible range for the data type concerned,
overflow bits OV="Overflow" and OS= "Stored Overflow" are set and Enable
output ENO=0. This prevents subsequent operations dependent on ENO from
being executed.

IN1, IN2 The value at IN1 is read in as the first address and the value at IN2 as the
second.

ouT The result of the mathematical operation is stored at the address at output OUT.

Instructions Addition: ADD_|  Add integer

ADD_DI Add double integer
ADD_R Add real number
Subtraction: SUB_|  Subtract integer
SUB_DI Subtract double integer
SUB_R Subtract real number
Multiplication:  MUL_I  Multiply integer
MUL_DI Multiply double integer
MUL_R  Multiply real number
Division: DIV_I Divide integer
DIV_DI Divide double integer
DIV_R  Divide real number

Note

The advanced mathematical functions (ABS, SQR, SQRT, LN, EXP, SIN, COS,

TAN, ASIN, ACOS, ATAN) are discussed in an advanced programming course.
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Exercise: Counting the Transported Parts (FC 18, MW 20)
DI po Q i----
10.0 | ¥ | T_System_ON ce| # | .0 ACTUAL number of parts
101 | o T_System_OFF | system| ¥ A o WWirsy, 2
102 | | T_dog_RT Lman| #® | .2 %ﬂ 2| 0| ¢ N g
103 |9 | T_dog_LT LAuTO| #* |3 (1] v
10.4 \) S_M/A_ModeSelect * 4
105 | Y0 | T_MiA_Accept # |5 QW 12/ QW 6
106 | 9 * 6 ABV.HISV L o -16V..+15V
107 | Y s |7 el
110 | o T_Fault_Rst * @ éj @
® * WA”. ht Al2
» . SETPOINT number of parts €9 @
b ‘ [ [ d [}
) * dalils (o M) 0|0
b ‘ All Al2 AO1 AO2
b 3 O O o 2 o o o o
o * W 4/IW 2
SIMATIC® S7 Date: 12,0303 @ SITRAIN Training for
File: PRO1_08E.27 Automation and Drives

Siemens AG 2003. All rights reserved.

FC 18 Up Till Now:

Task:

What To Do:

» The parts transported in AUTO mode are to be counted (with S5 counter
C 18), as soon as they have passed the light barrier "LB" ("LB" 0->1).

» The number of transported parts (ACTUAL number of parts) is displayed on
the BCD digital display.

» The counter is reset when the system is switched off (Q 8.1/4.1="0")

» Counting the transported parts is no longer to be done with the S5 counter
C 18, but rather by addition using MW 20 to store the sum. Use the M 18.0
memory bit as the auxiliary memory marker for the necessary edge
detection.

» The SETPOINT number of how many parts are to be transported can be set
through the BCD thumbwheel button. When the given SETPOINT number of
parts is reached, it is displayed on the red LED (Q 20.4 / Q 8.4) at the

Conveyor End.

* Aslong as the message SETPOINT number of parts reached (red LED)
exists, no other transport function can be started (lock-out in FC 16).

» The message can be acknowledged with the momentary contact switch at
the Conveyor End. The acknowledgement resets the ACTUAL number of
parts (MW 20) to 0, just as it was for switching off the system.

» Insert the OB 121 organization block into your program and download it to
the CPU. A program in OB 121 is not necessary. Downloading the "empty"
OB 121 prevents the CPU from going into the STOP state during setting of
the SETPOINT number of parts, which is caused by a "rebound" from the

BCD thumbwheel button (more information on this in the Chapter OBSs).

* Amend your current FC 18 for counting the parts to the new task
* Modify the FC 16 for controlling the conveyor motor according to the task.
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Conversion Operations | -> DI -> REAL

(16 bits)

Data in integer format

CS

Conversion from
integer to
double integer

Conversion from
double integer
to real number

Math
program

with

real numbers

)
E

DI AWL
— EN ouT |— MD14
DI_R
ENO EN OuUT [— MD26
MW12— IN L MwWI12
ITD
MD14— ENO |—
IN DTR
T MD26
I_DI DI_R
}7 EN ENO EN ENO [—
MW12 — IN OUT— mMD14 MD14— IN OUTI— MD26
SIMATIC® S7 Date:  12.03.03 SITRAIN Training for
File: PR01708E.28 Automation and Drives

Siemens AG 2003. All rights reserved.

Example

| DI / ITD
DI_R / DTR

Note

A user program that works with integers also needs to perform division, which is
likely to result in values less than 1. Since these values can be represented only

as real numbers, conversion to real numbers is necessary. To do this, the
integer must first be converted to a double integer.

Converts an integer to a double integer.

Converts a double integer to a real number.

Other conversion instructions, such as:

INV_I / INVI
NEG_| / NEGI
TRUNC / TRUNC
ROUND / RND
CEIL / RND+
FLOOR / RND-
INV_DI / INVD
NEG_DI / NEGD
NEG_R / NEGR
CAW, CAD

are discussed in an advanced programming course.

SITRAIN Training for

Automation and Drives

Page 28

ST-7PRO1
Digital Operations




SIEMENS

Digital Logic Operations
| wxor.w L L WO
| WoRw L L W#LBH5F2A
WAND_ W
- AW / OW / XOW
—EN ENO— T  MWI10
IWO — IN1
15 0
W#164#5F2A— IN2 S—MW10
wo=[o[1]o]o]o]o]o]o[o[o]]x]o]o]]0]
wee#sF2a= [o|1]o|1]1]1|1]1]0]o|1]0]1]0]1]o0]
AND OR XOR
00 owso a2 o3 e o [o[o o o [o o[ [o]o]o ]
10 twso aerrow s> o[ [e[3:[:[s[s[o[o[: s [o[:]o]
) Jvezo st xow - o [o[o e[+ x e [o[o[: o o[
® . B4 SITRAIN Training for
Sslelrnlz/r!sAA\;rZIOO% AI§g7hts reserved. Ei?et:e. é’%OOE‘l'ESSE.ZQ !!‘ Automation ;nd Dr?/;s
WAND_W The "AND Word" operation gates the two digital values at inputs IN1 and IN2 bit
by bit in accordance with the AND truth table. The result of the AND operation is
stored at the address at output OUT.
The instruction is executed when EN = 1.
Example: Masking out the 4th decade of the thumbwheel buttons :
IW4= =0100 0100 1100 0100
W#16#0FFF =0000 1111 1111 1111
MW30 =0000 0100 1100 0100
WOR_W The "OR Word" operation gates the two digital values at inputs IN1 and IN2 bit
by bit in accordance with the OR truth table. The result of the OR operation is
stored at the address at output OUT.
The instruction is executed when EN = 1.
Example: Setting bit 0 in MW32 :
MW32 =0100 0010 0110 1010
W#16#0001 =0000 0000 0000 0001
MW32 =0100 0010 0110 1011
WXOR_W The "Exclusive OR Word" operation gates the two digital values at inputs IN1

and IN2 bit by bit in accordance with the XOR truth table. The result of the OR
operation is stored at the address at output OUT. The result of the XOR
operation is stored at the address at output OUT.

The instruction is executed when EN=1.

Example: detecting signal changes in IWO :

IWO0 =0100 0100 1100 1010
MwW28 =0110 0010 1011 1001
MwW24 =0010 0110 0111 0011

SITRAIN Training for
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Data Storage in Data Blocks

T e g X Ll
Contents Page
L0 o] =103 1Y SR RS 2
Storage Areas fOr DAt ....o..viiie e e ettt ae e et e e nr e ee e e 3
(D= = 2] (o Tt SR (52 L SRS 4
Overview of Data TYPeS iN STEP 7 oo ettt 5
Elementary Data TYPES IN STEP 7 ..ottt ettt e e et e e e tae e e ennes 6
Creating a New Data BIOCK .uiiiiiiee ittt ettt et e st be e e e st be e e srae e e ennes 7
Entering, Saving, Downloading and Monitoring @ Data BIOCK  ........cccccovviiiiiiiieencie e 8
Addressing Data EIEMENTS  ....oiiiiiiiiiiie ittt e s e e s s e e s se e e et be e e aeeeas 9
ACCESSING Data EIBMENES oot ae e s ae e st be e e snrae e s eneeeas 10
Exercise: Counting the Transported Parts (FC 18)  .....iuiiiiit i e e 11
COMPIEX DALA TYPES oottt it ie ittt e s st e st e e e e s te e e e e st be e e s st e e e e e et e e e e abbe e e e atbe e e e e nbbeaenntbeee e nees 12
LT gl o] (=T o1 = T 1A £ - | SR 13
EXaMPIE OF @ SITUCIUIE oottt et e et be e et e e e e et beaenntee e e ennes 14

SITRAIN Training for ST-7PRO1

Automation and Drives Page 1 Data Storage in Data Blocks



SIEMENS

Objectives

Upon completion of this chapter the participant will ...
understand the purpose of global data blocks
be familiar with elementary and complex data types

be able to edit, save and download into the CPU a data block
with elementary variables

be familiar with and be able to apply the possibilities for
addressing data block variables

N
SIMATIC@ S7 Date: 12.03.03 !;‘ SITRAIN Training for
Siemens AG 2002. Al rights reserved. File: PRO1_09E.2 =  Automation and Drives
SITRAIN Training for ST-7PRO1
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Storage Areas for Data
Bit memories
DBz
PIQ
DB
| e e Y
DBx
/Qarea | | | | [TTTTTTTTTTTTToo
L stack Data blocks
® . B SITRAIN Training for
SI MATI C 87 Ei?et:e. 3583533‘953 ‘!‘ Automation and Drgles

Siemens AG 2002. All rights reserved.

Overview

Local Data Stack

Data Blocks

In addition to program blocks, a user program also consists of data containing
information about process states, signals, etc. This data is then processed
according to the instructions in the user program.

Data is stored in variables of the user program, which are uniquely identified by:
» Storage location (address: such as P, PII, PIQ, bit memory, L stack, DB)

» Data type (elementary or complex data type, parameter type)

Depending on the accessibility, a distinction is also made between:

» Global variables, which are declared in the global symbol table or in global
data blocks

» Local variables, which are declared in the declaration part of OBs, FBs and
FCs.

Variables can have a permanent storage location in the process image, bit
memory area or in a data block. They can also be created dynamically in the L
stack when a block is being executed.

The local data stack (L stack) is an area for storing:

» temporary variables of a logic block, including OB start information
» actual addresses in the parameter passing of FC calls

» intermediate logic results in LAD programs

This topic is dealt with in the chapter "Functions and Function Blocks".

Logic blocks of the user program use data blocks for storing values. Unlike the
temporary data, the data in data blocks is not overwritten when execution of the
logic block is completed or when the DB is closed.

SITRAIN Training for
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Data Blocks (DBs)
Accessible to all blocks
OB1 I I Function ¢ >
FC10
Global data
< g
DB20
Function I
I ’ FC20
Instance DB for FB1
Function Instance data
4+—> block —>
FB1 DB5
® . B4 SITRAIN Training for

Sslelrnlz/r!sAA\;rZIOOCZ AI§g7hts reserved. Ei?et:e. F}égfjlg‘gEA ‘!‘ Automation ;nd Drﬁlés
Overview Data blocks are used for storing user data. Like logic blocks, data blocks take up

space in the user memory. Data blocks contain variable data (such as numeric

values) that is used in the user program.

The user program can access the data in a data block with bit, byte, word or

doubleword operations. Symbolic or absolute addresses can be used.
Uses You can use data blocks in different ways, depending on their contents. You

Creating DBs

Registers

differentiate between:

» Global data blocks: These contain information that all the logic blocks (that
would include OB1) in the user program can access.

» Instance data blocks: These are always assigned to a particular FB. The
data in each DB should be used only by the assigned FB.
Instance data blocks are dealt with in more detail in the "Functions and
Function Blocks" chapter.

You can create global DBs with either the Program Editor or with a "user-defined
data type" (UDT) that you have already created.

Instance data blocks are created when an FB block is called.

The CPU has two data block registers, the DB and DI registers. Therefore, you
can have two data blocks open at the same time.

This topic is dealt with in an advanced programming course.

SITRAIN Training for
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Overview of Data Types in STEP 7
ElomenEy « Bit data types (BOOL, BYTE, WORD, DWORD, CHAR)
data types « Mathematical data types (INT, DINT, REAL)
(up to 32 hits)
« Time types (S5TIME, TIME, DATE, TIME_OF_DAY)
N S
« Time (DATE_AND_TIME)
Complex
data types * Array (ARRAY)
(longer than 32 bits) . Structure (STRUCT)
» Character chain (STRING)
N4
User-defined data types )
(longer than 32 bits) Data type UDT (User Defined Type)
N S
® . B4 SITRAIN Training for
Sslelrnlz/r!sAA\;rZIOOCZ AI§g7hts reserved. Ei?etie. gégfjﬁgEf’ ‘!‘ Automation and Drgles
Overview Data types determine the properties of data, that is, how the contents of one or
more associated addresses are to be represented and what the permissible
range of values is.
The data type also determines which operations can be used.
Elementary Elementary data types are predefined in accordance with IEC 61131-3. The data
Data Types type determines the amount of memory space required. For example, the word
data type takes up 16 bits in the user memory.
Elementary data types are never more than 32 bits long and can be loaded into
the accumulators of the S7 processor in full and processed with elementary
STEP 7 instructions.
Complex Complex data types can only be used in conjunction with variables declared in
Data Types global data blocks. Complex data types cannot be completely loaded into the

User-Defined
Data Types

accumulators with load instructions. You use standard blocks from the library
("IEC" S7 Program) to process complex data types.

A user-defined data type can be used for data blocks or as a data type in a
variable declaration table.

You use the Data Block Editor to create UDTSs.

The structure of a UDT can contain groups of elementary and/or complex data
types.

SITRAIN Training for

Automation and Drives

ST-7PRO1
Page 5 Data Storage in Data Blocks



SIEMENS

Elementary Data Types in STEP 7
Keyword Length (in bits) Example of a constant of this type
BOOL 1 lorO
BYTE 8 B#16#A9
WORD 16 W#H16#12AF
DWORD 32 DW#16#ADAC1EF5
CHAR 8 ‘w'
S5TIME 16 S5T#5s_200ms
INT 16 123
DINT 32 65539
REAL 32 1.2 or 34.5E-12
TIME 32 T#2D_1H_3M_45S_12MS
DATE 16 D#1993-01-20
TIME_OF_DAY 32 TOD#12:23:45.12
SIMATIC® S7 pae: 120303 @l SITRAIN Traiing for

Siemens AG 2002. All rights reserved.

File: PRO1_09E.6 Automation and Drives

BOOL, BYTE, WORD Variables of the BOOL data type consist of one bit. Variables of BYTE, WORD,

DWORD, CHAR

S5TIME

INT, DINT, REAL

TIME

DATE

TIME_OF_DAY

and DWORD data types are sequences of 8, 16 and 32 bits respectively. The
individual bits are not evaluted in these data types.

Special forms of these data types are the BCD numbers and the count value
used in conjunction with the count function. The CHAR data type represents a
character in ASCII code.

Variables of the S5TIME data type are required for specifying time values in
timer functions. The format is S5T#, followed by the time. You specify the time in
hours, minutes, seconds or milliseconds. You can enter the timer values with an
underline (1h_4m) or without an underline (1h4m).

Functions FC 33 and FC40 from the library convert S5TIME to TIME format and
TIME to S5TIME format.

Variables of these data types represent numbers that can be used in
mathematical operations.

A variable of data type TIME takes up a doubleword. This variable is used, for
example, for specifying timer values in IEC timer functions. The contents of the
variable are interpreted as a DINT number in milliseconds and can be either
positive or negative (for example: T#1s=L#1 000, T#24d20h31m23s647msw =
L#214748647).

A variable of data type DATE is stored in a word in the form of an unsigned
integer. The contents of the variable represent the number of days since
01.01.1990 (for example: D#2168-12-31 = W#16#FF62).

A variable of data type TIME_OF_DAY takes up a doubleword. This variable
contains the number of milliseconds since the beginning of the day (0:00
o‘clock) in the form of an unsigned integer. (for example: TOD#23:59:59.999 =
DW#16#05265B77).
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Creating a New Data Block
QSIMATIE Manager - [My_Project -- C:457_Courses'My_Proje] - |I:I|1|
@ File Edit | Insert FLC ‘iew Options ‘Window Help - |ﬁl |ﬂ
~| @E  Station » o [ 5 i - |
D & o[22 of- B [<loFie> ~1%| 28l@| BEm| x|
E--% My P Rrogram » |System data; 3 OB1 3 FB20 o FC1 3 FC15
E-El My FC1E 3 FC17 3 FC18 o FC20 & FC105
e[ 57 Software > Ineo =R o DETE A yaTT WA YAT_|/0-Conveyor
= 1 Organization Block - -
M7 Software ¥ 2 Function Black
ol Tabl 3 Function
o .D e 4 Data Block Properties - Data Block x|
Text libraty: »
5 Data Type
Extetnal Source.., & Variable Table General - Prart 1 | General - Part 2 I Callz I Attributes I
Mame and tppe: IDBSS IShaled DB j I j
Symbalic Name: :" ]
Symbol Comment; DB of type
Created in Language: DE =
Project path; |
St locati
Df%r[%?:ct?ca on |C: WS7_CouwrseshMy Proje
Cade Interface
D ate created: 23/01/2003 03:16:15
Last modified: 23/01/2003 09:16:15 23/01/2003 09:18:15
Camment: ;I
Inserts Data Block at the cursor position,
oeel |t |
L] L
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
Siemens AG 2002. All rights reserved. File: PRO1_09E.7 ~  Automation and Drives

Creating a DB

Shared DB

Instance DB

DB of Type

You can insert a new data block - as shown in the slide - in the SIMATIC®
Manager by first selecting the Blocks folder of the S7 program and then
following the menu options shown.

You can also create a new data block in the LAD/STL/FBD Editor using the
following menu options:

File -> New -> select Project and Project Name -> select Blocks folder of the S7
program -> Object Name: DB 99

Shared data blocks are used to store global data. That is, for storing general
data that can be accessed by every logic block (OB, FC, FB).

The user has to edit the global data blocks himself. He does so by declaring the
necessary variables for saving data in the data block.

Instance data blocks are used as the "private memory area" or as the "memory"
for a function block (FB). The parameters and the static variables of an FB are
managed in its instance DB.

Instance data blocks are generally not edited by the user, rather they are
generated by the Editor (see the Functions and Function Blocks chapter).

Data blocks can also be generated according to a User defined Data Type
(UDT) by the Editor. A UDT, that the user must first edit like a data block, is
used as a template for this. The UDT can thus also be used as a template for
creating additional data blocks and/or for generally declaring variables and block
parameters.
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Entering, Saving, Downloading and Monitoring a Data Block
HEALAD/STL/FBD - [DB99 -- My_Project’My_Station!,CPL 314] o ] 54
i} File Edit Insert PLC Debug ‘Wiew ©Options ‘Window Help - |ﬁ'|ﬂ
2 o i I I P
D|ﬁ|m~|ﬂ| §| %||E| ﬂ|“| l}‘.‘n|ﬁ| |‘Cl ﬁﬁf| -<<|>>-| D]l k-| i i
= Declaration View
fuddress |Hame Type Initial value |Comment
0.0 GTRUCT
+0.0| [Mumber_ of_Farts INT o Number of transported Parts
+2.0|( |[Transportation Time |35TIME SETHOMS Transportation duration
+4.0( [Average_weight REAL 0.000000e4+000 |Awerage weight of transported parts
+&.0( [Measuring point ARBAY[L..Z20] Measuring point of a series of measurements
*z.0 INT
EALAD/STL/FBD - [DB99 — My_Project'My_Station',CPU 314] =10| x|
= END_"S'Fle edt Insert PLC Debug WVew Optons Window Help _18] x|
‘ =[E-(E] S| &m|e] <[] | S ] 1] DE K2
Rddress [Hame Type Initial value [Actual walue |Comment ﬂ
ﬂ ol L L] 1: Ernor 2: Info 0.0[Munber_of_Parts THT [} Number of tramsported Parts
2.0|Teansportation Tine |S5TIME §5THOMS S5THOMG Tramsportation duration
Press F1 to get Help. 4.0|Average_weight REAL 0.000000e+000 |0. D00000e+000 [Average weight of transported parcs
8.0|Measuring_point[1] |INT [i} o Measuring point of a series of measurements
10.0|Heasuring point[2] |INT [i} o
12.0|Measuring point[3] |INT [i} o
14.0|Measuring point[4] |INT [} [
16.0|Measuring point[5] |INT [} []
18.0|Measuring_point[£] |INT [i} o
20.0|Measuring point[7] |INT [i} o
22.0|Measuring point[8] |INT [i} o
24.0|Measuring point[3] |INT [} [
26.0|Measuring point[10] |INT [} []
28.0|Measuring_point[11] |INT [i} o
30.0|Measuring point[12] |INT [i} o
32.0|Measuring point[13] |INT [i} o -
[T i
Data View !|>|>\|\ TEnor 2 lnfo j % Coossreferences & Addessinfo. 5 Modly 6 Diagnostics 7 Comparson /.
o get Help, @ [offline [abs <52 [insert[cha 2
L] L
Sli MATIC® S7 Date: 12.03.03 " SITRAIN Training for
File: PRO1 09E.8 ‘= Automation and Drives

Siemens AG 2002. All rights reserved.

Declaration View
(Entering Variables)

Columns

Save El

Download @l
7]

Data View
(Monitor DB)

Initialize DB

Data blocks are edited in the "declaration view", that is, the user declares the
variables needed for storing the data here. The variables are created in a table,
organized in lines and columns.

The columns have the following meaning:

» Address - is entered by the Program Editor. It is the first byte address
occupied by the variable

* Name - symbolic name of the variable

* Type - data type (INT, REAL, ....., you select this with the right
mouse button)

» Initial value - used for setting a default value for a variable the first time
the data block is created and/or edited. If you do not make
an entry here, the Editor automatically enters the value 0.

» Comment - is used to document the variable (optional)

You save the data block on the hard disk of the programming device using the
"Diskette" icon.

You have to download data blocks to the CPU, just as you do with logic blocks.

You can monitor online the current variable values in the data block (values of
the variables in the CPU). To do so, you must first go into the "View" menu and
switch to the "Data View". You can then activate the function using the "Glasses"
icon.

When you initialize a data block you overwrite the variable's current values with
the initial values. This is also necessary when initial values that have been
changed later on have to be accepted as actual values.

View -> Data View -> Edit -> Initialize Data Block
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| 8 Bits |
7 0o __
Data Byte 0 ]—» DBB 0
Data Byte 1 ——» DBWO
Data Byte 2
» DBDO
Data Byte 3
> DBX4.1

DBW 8190
Data Byte 8191 :l—b DBB 8191

Addressing Data Elements

— 1

DBD 8188

v

SIMATIC® S7

Siemens AG 2002. All rights reserved.

General

Number, Length

Note

[\ L
Date: 12.03.03 "‘ SITRA!N Training for
File: PRO1_09E.9 &~ Automation and Drives

You address the data elements of a data block byte-by-byte, just as you do bit
memories.

You can load and transfer data bytes, data words or data doublewords. When
using data words, you specify the first byte address (such as L DBW 2) with the
operation and two bytes are loaded beginning with this first byte of this address.
With doublewords, four bytes are loaded beginning with the first byte address
that you enter.

The number of data blocks available depends on the CPU you use.
The maximum block length is 8KByte for the S7-300™ and 64KByte for the
S7-400™.

If you access non-existent data elements or data blocks an Area Length error
System Fault will occur. The CPU goes into the Stop mode if you did not
program an error OB.

SITRAIN Training for
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Accessing Data Elements

DB 99 "Values" Traditional Fully-qualified Access
Access
Add| Name Type absolute symbolic
0.0 | Status BOOL " "
(A)PN S’;J(USSO o | A DB99.DBX0.0[ or | A "Values".Status
1.0 | States BYTE )
2.0 | Number INT
(L)PN Bgéml or | L DB99.DBBL | o |L "Values".States

4.0\ Weight[1] | REAL

OPN  "Values"™" "™ | pBgg pBW2 | or | L "Values".Number

T DBW 2
8.0 Weighti2] | REAL OPN - DB99 "o | L DB99.DBDS | or | L 'Values".Weight[2]
SIMATI C® S7 Date: 12.03.03 zv‘ SITRAIN Training for
Siemens AG 2002. All rights reserved. File: PRO1_09E.10 WY Automation and Drives

Traditional Access  In the traditional (typical in the S5 world) data block access, data blocks have to
be opened explicitly before the actual access. This can take place absolutely or
symbolically with the OPN DB 99 or OPN "Values" instruction (see example).
If another data block was open, the data block that was open first is
automatically closed. Then, the individual data elements can be accessed bit-
by-bit (DBX...), byte-by-byte (DBB...), word-by-word (DBW...) or doubleword-by-
doubleword (DBD...) without a data block having to be specified each time.

Disadvantages:

* When accessing data elements, you have to make sure that the correct data
block is open.

» Access can be absolute only. The programmer must make sure that he
"reaches" the correct value in the data block. If DBW3 in the example were
loaded, then neither the value of the Number nor Weight[1] variables would
be loaded, but an invalid value.

» Absolute accesses hamper correction possibilities and make the program
difficult to read.

Fully-qualified A fully-qualified access is the opening of a data block which closes any

Access... previously opened DBs. A fully-qualified access can be made absolutely and
symbolically.

...absolute An absolute access is the opening of the data block and access of the data

element in combination with an instruction. Disadvantages are similar to those of
the traditional access.

...symbolic A symbolic access of a variable in a data block is possible only if the data block
and its elements are both accessed symbolically. The Editor does allow the
"mixing" of absolute and symbolic addresses during editing, however, it switches
over to completely symbolic after the entry has been confirmed.

SITRAIN Training for ~ ST-7PRO1
Automation and Drives Page 10 Data Storage in Data Blocks
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Exercise: Counting the Transported Parts (FC 18)

ELAD!STL!FBD - [DB18 -- SERY2_325\Chapterd]
F File Edit Inzert PLC Debug View DOptions *wWindow Help 8] x|

ACT MNumber of parts

Actnal Number of transported Parts

+a.0] (Edge_hux

EOOL FALSE |huxiliary Memory Bit Edge Evaluation

END STRUCT

SIMATIC® S7

Siemens AG 2002. All rights reserved.
Function till Now : .
in FC 18

Task: .
What to Do: 1.

L] L
Date: 12.03.03 "‘ SITRA!N Training for
File: PRO1_09E.11 &~ Automation and Drives

The parts transported in AUTO mode are counted (through addition in
MW 20, auxiliary memory bit for edge evaluation M 18.0), as soon as they
reach the Conveyor End or have passed through the light barrier.

The ACTUAL number of parts of transported parts are shown on the BCD
digital display.

You can set how many parts are to be transported - SETPOINT-number of
parts - using the BCD thumbwheel button. If the preset SETPOINT-number
of parts is reached, it is indicated on the red LED (Q 20.4/ Q 8.4) at the
Conveyor's End.

As long as the message "SETPOINT number of parts reached" (red LED)
exists, no other transport function can be started (lock-out in FC 16).

The ACTUAL number of parts (MW 20) is set to O when the system is
switched off or when the message "SETPOINT number of parts reached" is
acknowledged through the pushbutton at the Conveyor End.

The functionality programmed in FC 18 is to remain unchanged. However,
instead of using MW 20 for counting by addition, use the variable
ACT_Number_of_parts (INT) that is to be declared in DB 18.

Instead of using the auxiliary memory bit M 18.0 for the edge evaluation
necessary for counting, use the variable Edge_Aux (BOOL), that is also to
be declared in DB 18.

Edit the DB 18 data block (see slide) with the variables
ACT_Number_of_parts (INT) and Edge_Aux (BOOL) and download them
into the CPU.

Give DB 18 the symbolic name "DB_Parts" in the global symbol table

Make the changes to FC 18 as described in the Task. Use fully qualified,
symbolic accesses!

SITRAIN Training for
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Complex Data Types

Keyword Length (in bits) Example
DATE_AND_TIME 64 DT#01-08-24-12:14:55:234-1
STRING 8 * (number of “This is a string”

(character string with characters +2) "SIEMENS’

max. 254 characters)

ARRAY user-defined Measured values: ARRAY[1..20]
(Group of elements INT

of the same data type)

STRUCT user-defined Motor: STRUCT
(Group of elements Speed : INT
of different data types) Current: REAL
END_STRUCT
ubDT UDT as block UDT as array element
(User Defined Data Type = user-defined
"Template" consisting of STRUCT Drive: ARRAY/[1..4]
elementary or complex Speed : INT UDT1
data types Current: REAL
END_STRUCT
SI MATl C® S? ate: B4 SITRAIN Training for
Siemens AG 2002. All rights reserved. E"eti . F}égi%?‘gElz ‘!‘ Automation and Drives
Complex Complex data types (arrays and structures) consist of groups of elementary or
Data Types complex data types.

They enable you to create data types with which you can structure large
guantities of data and process it symbolically.

Complex data types (longer than 32 bits), cannot be processed with STEP 7
instructions all at once. Only one element at a time can be processed.

Complex data types are predefined. The data type DATE_AND_TIME has a
length of 64 bits. The lengths of the data types ARRAY, STRUCT and STRING
are defined by the user.

Variables for complex data types can be declared only in global data blocks and
as parameters or local variables of logic blocks.

User-Defined User-defined data types represent a self-defined structure. This structure is
Data Type stored in UDT blocks (UDT1 to UDT65535) and can be used as a "template" in
another variable's data type.

You can save typing time when you input a data block if you need the same
structure several times.

Example: You need the same structure 10 times in a data block. First, you
create a UDT, define the structure and save it (for example as UDT1). Then you
create a global DB and define a variable(ex "Tank_Farm") whose type is
ARRAY [1..10]. On the next row you reference the UDT you defined earlier.

=10] x|

m DE1 -- My_Project\My_Station’,CPU 314

Type Initial value
STRUCT
TankFarm LRRAY[1..10]
DTl

END_STRUCT
=

This creates 10 data ranges in one data block. Each data range has the
structure defined in UDT 1.

SITRAIN Training for ~ ST-7PRO1
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Measuring_point

Example of an Array

1. Measuring_point, data type Real

2. Measuring_point, data type Real

3. Measuring_point, data type Real >

10. Measuring_point, data type Real| )

m DBZ -- My_Project'My_Station',CPU 314

Type

Display in the Program Editor (Data block DB 2):

Initial value

Array with the name "Measuring_point"
(several elements of the same data type)

0.0 STRUCT
+0.0] [Measuring point ADEAY[1..10]
w4, REAL

END_STRUCT

SIMATIC® S7

Siemens AG 2002. All rights reserved.

Array

Define Array in DB

Initial Values

Data View

Date:
File:

12.03.03
PRO1_09E.13

SITRAIN Training for
Automation and Drives

31

An array consists of several elements of the same data type. In the slide above,
you can see the "Measuring_point" array with 10 elements of the REAL data

type.

Later, various measured values are to be stored in this array.

The keyword for an array is "ARRAY[n..m]". The first element (n) and the last

element (m) are specified in the square brackets. In the example, [1..10] means
10 elements, whereby the first element is addressed with the index [1] and the
last with the index [10]. Instead of [1..10] you could, for example, define [0..9].
The first element would index [0] and the last element [9].

A single value entered provides the value for the first element only. Values,
separated by commas, provide the values in sequence. The formulea x(initial
value) inserts the initial value x times in sequence.

To see the actual values stored in the individual elements, you select the menu
option View -> Data View to switch to another display. In "Data View", you will
find the values currently stored in the column "Actual Value".

m DBZ -- My_Project'My_Station‘\CPU 314

Initial wvalue

Actual value

SITRAIN Training for

Automation and Drives
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0. fHMeasuring point[1] REAL 0.000000e+000 1.000000e+002
4. 0|Measuring point[&] REAL 0.000000e+000 1.023000e+002
§.0|Measuring point[3] REAL 0.000000e+000 1.035000e+002
12.0|Measuring point[4] REAL 0.000000e+000 1.067000e+002
16. 0{Measuring point[5] REAL 0.000000e+000 1.052000e+002
20.0|Measuring point[6] REAL 0.000000e+000 1.050000e+002
24. 0|Measuring point[7] REAL 0.000000e+000 1.055000e+002
28.0|Measuring point[&] REAL 0.000000e+000 1.055000e+002
3&.0|Measuring point[9] REAL 0.000000e+000 1.079000e+002
36.0|Measuring point[10] REAL 0.000000e+000 1.079900e+002

0
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Example of a Structure

Motor_data

Speed, data type Integer

Structure with the name "Motor_data"
(several elements
Starting_current, data type Real with different data types)

Rated_current, data type Real

Direction, data type Bool

Display in the Program Editor (Data block DB 1):

HEALAD/STL/FBD - [DB1 -- My_ProjectMy_Station\,CPU 314] (=]
i} File Edit Insert PLC Debug “iew Cptions ‘Window Help =1 |
D|(2-(@| & &%/ o cdil [0 & <) D= K
Type Initial value |Comment
i | STRUCT
.0| [Motor_data STRUCT
.0 speed INT a
.0 rated current EELL 0.000000e+000
.0 atarting_current (REAL 0.000000e+000
.0 direction EOOL FALSE
1] END_STRUCT
.0 END_STRUCT
ol
Z_lll [Al4[®pif 1:Emor A Zinfo A FCrossteferences A diAddiessinfo. A 5 Modiy A B Diagnostic:
>
Press F1 to get Help. 2 [offline |abs =5.2  [Insert [Cha %
L] L
SIMATI C® S7 Date: 12.03.03 "‘ SITRA!N Training for
Siemens AG 2002. All rights reserved. File: PRO1_09E.14 ~  Automation and Drives
Structure The slide shows an example of a structure namee "Motor_data". The structure

consists of several elements of different data types. The individual elements of a
structure can be elementary or complex data types.

The access to the individual elements of a structure contains the structure
name. This makes the program easier to read.

In order to be able to access the elements symbolically, the data block must be
given a symbol name, for example, "Drive_1".

Example: accessing elements of a structure using the load command "L"

L "Drive_1".Motor_data.rated_current
L "Drive_1".Motor_data. speed

The format is: block symbolic name, dot, structure name, dot, element name.

Note that the symbolic block name ("Drive_1") is enclosed in quotations,
indicating the name is from the global symbol editor. The structure name and
element names are not enclosed in quotations, because they are symbols
defined in the data block and are not listed in the global symbol editor.

Define Structure The keyword for a structure is "STRUCT". The end of a structure is indicated
in DB by "END_STRUCT". A name is defined for the structure (in the example:
"Motor_data").

SITRAIN Training for ~ ST-7PRO1
Automation and Drives Page 14 Data Storage in Data Blocks
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Functions and Function Blocks
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Objectives

Upon completion of this chapter the participant will ...
be familiar with the purpose of temporary variables
be able to declare temporary variables and use them in the program
be familiar with the purpose of parameter-assignable blocks
be able to program parameter-assignable functions and their calls
know the difference between functions (FCs) and function blocks (FBs)
be familiar with the instance model and the multi-instance model
be familiar with the purpose of static variables
be able to declare static variables and apply them in the program

be able to program parameter-assignable function blocks and their calls

N
SIMATIC@ S7 Date: 12.03.03 !;‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_10E.2 =  Automation and Drives
SITRAIN Training for ST-7PRO1
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Introduction
Global Variables / Data Local Variables / Data
(valid in the entire program) (only valid in one block)
«PIl/ PIQ Temporary Variables Static Variables
» are overwritten with undefined | | 3
170 values after the associated t%rg l;IeégLniesdei\é?:ﬁtzféer
eM/T/C block is executed
« DB areas  temporary storage in L stack . pel’ﬁ;anent;t.orage o IIDBS
 usable in OBs / FCs / FBs > can'beliScaliiEs Sl
SIMATIC® S7 ate: =4 SITRAIN Training for
Siemens AG 2003. Al rights reserved. Eilet: ) é??ooalgquS ‘!‘ Automation and Drives
General Up until now, the inputs and outputs in our programs were coded directly with

Local Variables

their actual address assignments. This type of programming is fixed to these
address locations and is therefore not well-suited for repetitive processes.

Blocks that are not parameterized are best used for custom machinery where
there is no repetition in the process.

For frequently reoccurring functions it is better to make reusable, parameter-
assignable blocks (Functions, FCs and Function Blocks, FBs). These blocks use
symbolic input and output parameters (local symbol names), which are supplied
with actual operands when the block is called.

You have to assign these operands when you make a call to a Function or a
Function Block. The program logic of the FC/FB remains unchanged and you
can therefore reuse the logic several times.

Up until now, you used global variables (bit memories and data blocks) to save
production data, for example. In this chapter you will find out more about data
storage in local variables.

Local variables can be read only by the block in which they were originally
created. Because of this, local variables cannot be used as data interfaces
between different program blocks.

There are two types of local variables: Temporary and Static.
Temporary Variables

Temporary variables are variables that are stored only while the block is being
executed. They can be declared in all blocks (OB, FC, FB).

Static Variables

If the data are to be retained even after the block is executed, the data must be
stored in static variables.

Static variables can only be declared in function blocks. The instance DB
assigned to the FB is used as the storage location for these static variables.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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Temporary Variables
HEALAD/STL/FBD - [FC1 -- My_ProjectMy_Station',CPU 314] o [m] 3
i} File Edit Insert PLC Debug “iew ©Options ‘Window Help - |ﬁ'|ﬂ
Olfz-{a] &) &[mle] of~] sl & o 1) DIE el ol [] el
i Contents OF: 'EnvironmentiInterface! TEMP'
= mterface [rame [Data Type  [Address [Comment
-4 IN = result Init ~|o.0
-0k OUT =]
B 40 TM_OUT
E-J@ TEMP
L8 result
(-4 RETLIRM
FCl : Tewporary Variables j
m: Calculate provisional result and sawve
‘ SUB_| |
ENO ’7
My10z —INL OUT —#result
My100 — IN2
=
5_|l||4|4| WP 1:Emor A Zinfo A 3 Crossvefererces A diAddessinfo. A 5 Modiy A B Diagnostics A 7 Comparison [/
B
Press F1 to get Help. 2 [offline [abs <52 | Insert [Chg 2

SIMATIC® S7

Siemens AG 2003. All rights reserved.

General

Declaration

Access

Note

Date: 12.03.03
File: PRO1_10E.4

3" SITRAIN Training for
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Temporary variables can be used in all blocks (OB, FC, FB). They are used to
temporarily store information while the block is being executed. The data are lost
when the block is exited.

The data are stored in the L stack (local data stack). The L stack is a separate
memory area in the CPU.

Before a temporary variable can be used in a block, it must be declared in the
block's declaration table. In the "temp" row you enter a variable name and the
associated data type. You cannot predefine an initial value for temporary
variables.

After you complete a "temp" entry row, by pressing the "Return” key, a new
"temp" line is added after it. The L stack absolute address is assigned by the
system and displayed in the "Address" column for the line that was completed.

In Network 1, you see an example of the symbolic access to a temporary
variable.

The result of the subtraction is stored in the temporary variable #result.

You can also enter an absolute access (T LWO). You should, however, try to
avoid this since the program is difficult to read.

Unlike the global symbols from the symbol table that are displayed in the
program logic with quotation marks (“symbol name”), a local symbol has a # in
front of it ( #result). The # character is automatically inserted in front of the
symbol name by the Editor when no " " are used and the symbol name is located
in the block's declaration table. The editor checks the block’s declaration table
before it checks the Global Symbol Table.

SITRAIN Training for
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Total Occupation in the Local Data Stack
Op erating i7¢ Ref - [Chapterd (Program structure) — SER¥2_325] : -3l x|
SyStem E_E Reference Data  Edit  View ‘Window Help == ll
EI @I By EEEIEI |Ca\| strusture - no filter ‘E EI EH
Startobiekt:  [D81 (0B_Cycle) |
Block{symbal), Instance DE{symbol) | Local da ‘ Language | Location | Laocal datz
E-[ 57 Program
OB 1 FC 17 FC 20 -0 oB1 (9B_cycle) [maximum: 28] [22] [22]
0O FC1S (FC_Operating_Modes) [22] LAD [ 1 [0
—( : )—P . O FCle {FC_Comveyor) [22] LAD [ 1]
with temp. with temp E-0 Foi7 (FC_op/Fh_Mess) sl LAD W3 [8]
variables . i O FCz20(FC_Fault) [28] LAD N 4 [0
variables O FB20 (F8_Faults), DBZ (DB_Instance_Faultz) [28] LAD we 5 [o]
O FB20 (FB_Faults), DB3 (DB_Instance_Fault3) [28] LAD Ny 6 [0]
E-0 FC18 (FC_Count) [24] LAD M 4 [2]
B DBLS(DB_Patts) [24] LAD e 1 [0]
C FC 20 chs(FCALE) [62] LAD Wd 2 [20]
O ©B100 (0B_Startup) [a1 [0]
with temp 0O ©B121 (OB Prog_ERR) [0] ]
“()‘ < : e | — B
Varlables Press F1 to get Help. [ m [ s
OO ONONONONO
Occupation—)
in the L stack -
Q
FC20 FC20 =
(o]
FC17||FC17||FC17 ||FC17 ||FC17 e
OB1|| OB1||OB1||OB1|| OB1|| OB1 || OB1

v -
SIMATI C® S7 Date: 12.03.03 l;‘ SITRAIN Training for
-

Siemens AG 2003. All rights reserved. File: PRO1_10E.5 Automation and Drives

Total Occupation in  For every program processing level (such as OB1 with all the blocks nested in

Local Data Stack it), a specific area of the L stack is reserved. This area is limited in size. For
example, the CPU 314 has 256 bytes available in its L stack. That means that
for all the local variables from OB1 and all the nested blocks which are called
in OB1, there are 256 bytes available.

You can display the number of bytes an entire program requires in the local
data stack with the "Reference Data" tool. You will become familiar with this
tool in the chapter "Troubleshooting". The total occupation of the local data

stack and the number of bytes required per call path is displayed on the

screen.
Activate In the SIMATIC® Manager you highlight the block folder and then select the
Reference Data menu options:

Options -> Reference Data -> Display -> Program Structure.

Note If the maximum number of local data is exceeded during program execution in
the CPU, the CPU goes into the Stop mode. "STOP caused by error when
allocating local data" is entered as the cause of error in the diagnostics buffer.

SITRAIN Training for . ST-7PRO1
Automation and Drives Page 5 Functions and Function Blocks
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Local Data Stack Size
Entire size:
1.5 Kbyte
(CPU 313..316)
. For S7-300™:
Execution
Priority class L stack size
Startup (one-time execution) 27
j ] 256 bytes
Cyclic execution 1
) Time-of-Day Interrupt 2 256 bytes
Time-controlled
execution Time-Delay Interrupt 3 256 bytes
Cyclic Interrupt 12 256 bytes
Hardware Interrupt 16 256 bytes
Event-driven E handling in start 5
i rror handling in startu
execution g p 256 bytes
Error handling in scan cycle 26
® . 5 s raining for
SIMATIC® S7 Date: 120308 !!‘ Atomaton e e

Siemens AG 2003. All rights reserved.

Local Data Stack
Local Data Stack

Size

Priority Classes

S7-400™

The local data stack (L stack) is a memory area that contains the temporary
variables (replacement for scratchpad memories in SIMATIC® S5) of the blocks.

When the operating system calls an OB, an L stack area of 256 bytes is opened
up while the OB and the blocks called in it are executed.

Every priority class is assigned 256 bytes.

The L stack of the 313..316 CPUs has a total of 1536 bytes (1.5kByte).

There are a total of eight priority classes with the S7-300™. However, no more
than 6 priority classes can be active at the same time. If, for example, OB 100 is
active (with priority class 27), then OB1 (priority class 1) can never be active.
Furthermore, the error OBs 80 to 87 for asynchronous errors can only then
have priority class 28, if the fault occurs in the startup program. In other words,
when they interrupt OB100. More information can be found in the "Organization
Blocks" chapter.

With the S7-400™ CPUs, you can decide what the size of the local data stack is
for the individual priority classes (Tool: HW Config.).

You can deselect the priority classes which you do not need. That way, you can
make more local data available to the other priority classes.

SITRAIN Training for
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£8P File Edit Insert PLC View

QSIMATIE Manager - [My_Project -- C:4,57_Courses'My_Proje]

Byte Requirement of a Block in the Local Data Stack

I [=[
==l x|

Options  Window  Help

D] 225 & |2 il [o 2| =of7 =2 Y| Be =
=8 My _Project Ri i o FBZ0
=l My_Station 3 FC1E

o[ cru e o3 FC18 0 FC20
E{z1] 57 Program{15) C105 o DB 3 DB2
(B Sources o= DB18 o= B9
x|
Press F1 ko get Help. General - Pat 1 General - Part 2 | Calls I Attributes
X\/ e Mame [Header]: I Yersion [Header): IU.1
Open Object Chrl+alt+
Farmily: I Avthor: I
Cut Chrl+%
Copy Chrl+C
Paste Chrl + =
Local D ata: 22 bytes
Delete Del T T
Insert New Ohject 3 Load kemory Fequirement: 178 bytes
PLC » Wark Memnory Requirement: 102 bytes
Rewiting...
(P I oo [ DE is write-pratected in the PLC [~ Standard block
Reference Data 3 ) )
I~ Enowhow protection I~ Unlinked
Print 4
Rename Fz
Object Properties.. . Alt+Return
. ak. C | Hel
Special Object Properties 3 - Ance | =8
B L
SIMATIC® S7 Date:  12.03.03 0‘ SITRAIN Training for
File: PRO1_10E.7 Automation and Drives

Siemens AG 2003. All rights reserved.

Displaying the
Byte Requirement

Activate

Notes

You can see the exact number of bytes a block requires in the local data stack
by going into the block properties.

1. Inthe SIMATIC® Manager, select the block with the right mouse button and
then -> Object Properties. or
2. Inthe SIMATIC ® Manager, select the block with the left mouse button and

then the menu option Edit -> Object Properties.

The sum of local data for an execution level (OB) is a maximum of 256 bytes
with the S7-300™. Every OB itself always takes up 20 or 22 bytes.
This means that a maximum of 234 bytes can be used in an FC or FB.

If more than 256 bytes of local data are defined in a block, the block cannot be
downloaded into the CPU. The transmission is interrupted with the error
message "The block could not be copied". Within this error message is a
"Details" button. If you click on it, a message box appears with the explanation
"Incorrect local data length".

SITRAIN Training for
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Exercise: Use of Temporary Variables
HBALAD/STL/FBD - [FC18 -- My_Project',My_Station|CPU 314] o [ 34
i} File Edit Insert PLC Debug Yiew Options ‘Window Help _|ﬁ'|1|
D[(2-lw| S| 3 [ml@| of=| el [o 2 <l OIE 2] JH3t-0lm]s |2~ x|
| |C0ntents OFf: ‘EnvironmentInterface) TEMP'
Interface - Mame Data Type Address Camment
- IN ‘= [Setpaint Int 0.0
-4k OUT =
-5k IN_OUT
£ TEMP
-8 Setpoint x|
Hetwork 4 : Title: ;I
‘ BED_| |
EN ENO
"IW_BCD" — I OUT G0
#Setpoint
m: Indicator Light at Conweyor End Rep|ace Wlth the
‘ temporary variable
CMP == “L_END” #Setpoint
i d
"DE_Parta".ACT
_Mumber_of_par
ts _INl
Mﬂ —INZ
#Setpoint =]
N EIEIR R 1: Emrar 2 Info 3 Cross-references 4: Address info. 5: Modify E: Diagnostics 7: Comparison
iy |
Press F1 ko get Help. 2 [offline labs 5.2 | Insert |Chg 2
L] L
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
File: PRO1_10E.8 &~ Automation and Drives
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FC 18 Up Till Now:

Task:

What To Do:

The parts transported in AUTO mode are counted (by addition in the variable
"DB_Parts".ACTUAL_quantity), as soon as they reach the Conveyor End or
have passed through the light barrier.

The number of transported parts (ACTUAL quantity) is displayed on the BCD
digital display.

You can set the SETPOINT quantity, of how many parts are to be
transported, using the BCD thumbwheel button. When the given SETPOINT
quantity is reached, it is displayed on "L_ACTUAL=SETPOINT" (red LED

Q 20.4/ Q 8.4) at the Conveyor End.

The number of transported parts (variable "DB_Parts". ACTUAL_Quantity)
is reset through the momentary contact switch at the Conveyor End when
the system is switched off (Q 8.1 /4.1 =70 ") or when the message
"L_ACTUAL=SETPOINT" (red LED) is acknowledged.

As long as the message "L_ACTUAL=SETPOINT" (red LED) exists, no
other transport function can be started (lock-out in FC 16).

The functionality programmed in FC 18 is to remain unchanged. However, use
the local, temporary variable Setpoint for the intermediate storage of the
SETPOINT quantity converted from BCD to INT.

In FC 18, declare the temporary variable Setpoint as an INT type.

Replace the auxiliary memory marker used for intermediate storage with the
newly declared Setpoint variable.

Download and monitor the program.

SITRAIN Training for
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Exam

Task

Acknowledge

Fault_Signal 4,_\ | I_

ple: Fault Signal Displayed with Output LED

Stored_Fault J

Solution Suggestion

pispay | LI LT LT | [uuuunr L

Acknowledge Stored_Fault  Flash_Frequency Display
p | \ J
Fault_Signal Edge_Memory
\/P} S

Fault_Signal  Stored_Fault

+t

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Example

Description

Program

Call

Date: 12.03.03

"‘ SITRAIN Training for
: L\
File: PRO1_10E.9 -

Automation and Drives

Based on the above problem, we would now like to show a practical example for
reusable logic. This solution will show how to create a parameter-assignable
block and call it from our program.

An LED on the operator console will display faults that occur. When the fault
occurs, the LED will flash at 2Hz. If the Acknowledge pushbutton is pressed
after the fault has cleared, the LED will stop flashing and turn off. If the fault still
exists when it is acknowledged, the LED will stop flashing and remain on steady
until the fault is corrected. When the fault is removed after it has been
acknowledged the LED will turn off.

An RLO edge detection of the fault signal is also carried out, since the memory
(Stored_Fault) would otherwise immediately be set again when an existing
problem is acknowledged.

If the Stored_Fault is set (message has not yet been acknowledged), the upper
branch causes the LED to flash. The flashing LED is generated using the
memory bit M10.3 gated with the Stored_Fault. Memory byte MB 10 was
defined as a clock memory when parameter assignment was made in the CPU
using the Hardware Configuration.

The lower branch is used to cause a steady Display for a fault that is
acknowledged but not yet corrected.

In our program we will be calling this fault routine multiple times. The function
described above will be used to detect different faults. Notice this kind of
programming can save us some work. Instead of typing the entire set of logic
twice, we have only to write the subroutine once. Then we can call the
subroutine as many times as we wish.

SITRAIN Training for
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Parameter-assignable Blocks

Solution with non- Solution with parameter-assignable block

parameter-

assignable block STL solution for FC 20 Call of FC 20 (e.g. in OB 1)

A A FC 20

Al 1.0 A #Acknowledge 1.1 — Fault_Signal

R M 40.0 R #Stored_Fault

N 11 A #Fault_Signal O gl I %95.11)

FPM 401 FP #Edge_Memory M 10.3 = Flash_Frequency

S M 400 S #Stored_Fault M 40.0 i Stored_Fault

< vl Musorcd rauiclll | BE BRI W -

) ) M 40.1 — Edge_Memory

_— e el T

0] 0] | |

A | 1.1 A #Fault_Signal

| Formal parameters |

AN M 40.0 AN#Stored_Fault

= Q 91 = #Display Actual parameters
SIMATIC® S7 Dae: 120303 @il SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_10E.10 Automation and Drives
Application You can program parameter-assignable blocks for frequently recurring program

Program Execution

Parameter-
assignability

Our Example

functions. This has the following advantages:

» the program only has to be created once, which significantly reduces
programming time.

» the block is only stored in the user memory once, which significantly reduces
the amount of memory used.

» the block or the functionality implemented with the block can be called as
often as you like, each time with a different address. For this, the formal
parameters (input, output, or in/out parameters) are supplied with different
actual operands every time they are called.

Statement List Language is shown in the above example as it is easier to follow
the program execution. The STL program code above performs the same fault
logic as the previous example. Statement List programming language will be
discussed further in a more advanced class.

When the block shown above is executed and the statement "A #Acknowledge"
is evaluated, the parameter Acknowledge is replaced by the actual parameter
given during the call. If the input | 1.0 is given as the actual parameter for the
parameter Acknowledge, then the statement "A 1 1.0" is evaluated instead of
the logic you see in the FC20 program block, "A  #Acknowledge" .

You can program FC or FB blocks as parameter-assignable. You cannot
program organization blocks as parameter-assignable since they are called
directly by the operating system. As no block call takes place in the user
program, it is not possible to pass actual operands.

Even if the fault subroutine is required twice in the system, you only have to
program FC 20 once as parameter-assignable. The FC 20 is then called twice
for the two different faults and is assigned a different actual address each time.

SITRAIN Training for
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Declaring the Formal Parameters in FC 20

Formal parameters

Type of parameter || Declaration || Use || Graphic Display
Input parameter in Read only To the left of the block
Output parameter out Write only To the right of the block
In/out parameter In_out Read / write To the left of the block

Contents OF: ‘EnvironmentiInterfacet I

@ Interface

=i

'8 Disturbance_Input
B Acknowledge
(=] Flash_frequency

[rame

Data Type

Comment

@ [Disturbance_lnput

Boal

‘B Acknowledge
‘& Flash_frequency
a

Bool
Boal

E1-40e ouT
'3 Display
=80 IM_ouT

45 TEMP
=40 RETURN
LB RET WAL

EI Report_Memory
.'E Edge_Memory_Bit

SIMATIC® S7

Siemens AG 2003. All rights reserved.
Formal Parameters

Type of Parameter

Interface

Example FC20

Attention!

Date: 12.03.03
File: PRO1_10E.11
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Before you can create the program for the parameter-assignable block, you
have to define the formal parameters in the declaration table.

In the table in the slide, you can see the three different parameter types that are
available for use in the block. It is up to the programmer to select the declaration
type for each formal paramater. The ‘in‘ declaration type should be assigned
only to declaration types that will be read for instructions in the subroutine. Use
the ‘out’ declaration type for paramaters that will be written to within the function.
Please make sure that formal parameters that have a reading access (queried
with the operations A, O, L) and a writing access (assigned with the operations
S, R, T) are declared as ‘infout' parameters.

The interface of a block forms the IN, OUT, and IN_OUT parameters. The
RETURN parameter is a defined, additional OUT parameter that has a specific
name according to IEC 61131-3. This parameter only exists in FCs in the
interface.

The TEMP variables are - even though they are listed under “Interface” - not
components of the block interface, since they do not become visible when the
block is called or that no actual parameters have to be passed for the declared
TEMP variables in the calling block.

To declare the parameters and TEMP variables, the type of parameter or TEMP
must be selected in “Interface” (see lower picture). Then, in the table appearing
to the right, the names can be edited with the associated data types and
comments.

In the lower section of the slide, you can see the declaration table and/or the
interface of the FC 20 block “Disturbance Input* (see previous page). Notice that
since the formal parameters #Report_Memory and #Edge_Memory_Bit are used
for both reading and writing instructions in connection with the operation FP, you
have to declare these as in/out parameters.

The declared formal parameters (IN, OUT and IN_OUT, not TEMP) of a block
are its interface to the “outside” That is, they are “visible* or relevant to other
blocks, that call this block. If the interface of a block is changed by deleting or
adding formal parameters later on, then the calls have to be updated. All blocks
that call this block must be updated.
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Editing a Parameter-assignable Block

ELAD,."'STL,."'FBD - [FC20 -- My_Project',My_Station',CPU 314] = I Dlll
i} File Edit Insert PLC Debug Wiew Options MWindow Help =1
Dlcs(e-a| & 3 [=(@] =[] el [ s (<D O £ Atlolmo [ == x|
| Contents OF: 'Environment!InterfacelIn’
Interface [Mame Data Type [Comment
- I ‘= [Disturbance_[nput Boal

'8 Disturbance_Input @ Acknowledge Boal
2 Acknowledge ‘B Flash_frequency Boal
‘B Flash_frequency a
Ok ouT
@ Display
A TN_OUT
(=) Report_Memary
‘= Edge_Memory_Eit
& TEMP
[=-43F RETLRM

LT RET_WAL

#Disturbance I #Edge_Memory B #Report_Memory #Flash fredquen
nput it SR | cy #Display
| | (e} g |1 I |

L] 1 (] |
#icknowledge =R

#Disturbance T
#Report Memory nput

| 4 I'l o
ﬁl [A[A[mIMN 1:Emar A 2nto A 3 Crossveferences A 4 Addessinf. A B Modfy A B Diagnostics ) 7 Comparison  f
Fress F1 to get Help, 2 [offline |abs =52 | Insert ’_ v
SIMATI C® S7 Date: 12.03.03 3" SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_10E.12 ‘= Automation and Drives
Notes It doesn‘'t matter whether the names of the formal parameters are written with

capital or small letters. The "#" character in front of the name is automatically
inserted by the PG/PC. The character is used to indicate that the parameter is a
local variable that was defined in the variable declaration table of this block.

It is possible, that when you write the program in LAD / FBD, that the name is
not completely displayed in one line. This depends on how you have customized
the settings in the Program Editor (Options -> Customize -> "LAD/FBD" tab ->
Address Field Width).

Symbols 1. If you use a symbolic name when you edit a block, the Editor first of all
searches through the declaration table of the block.
If the symbolic name is there, the symbol with a # in front of it is accepted in
the program as a local variable. Capital and small letters may be corrected to
match the way a symbol is entered in the declaration table.

2. If a symbol cannot be found as a local variable, the Editor searches through
the program'‘s symbol table for the global symbol.
If the symbol is found there, the symbol is placed in quotation marks and is
accepted in the program as a global variable.

3. If you specified the same symbolic name in the symbol table as well as in the
local declaration table, the Editor will always insert the local variable.

If, however, you want to work with the global symbol, you must place the
symbol name in quotation marks when you make the entry.

SITRAIN Training for _ ST-7PRO1
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H3iLAD/STL/FBD - [FC17 - My_Project'My_Station',CPU 314] : —ioj x|
{3 Fle Edt Inssrt PLC Debug Yiew Options Window Help _ = x|
=Rl 8 T e = T e i o e
= | x|
Hetwork 4 : Evaluation Disturbance 1
B New network.
e2! Eit logic
"FC_Fault'”
EN — ENO B-(X] Comparator
[#-[8g Converter
Disturbance I El-{g) Counter
"3 Faultl” —nput Display —L_Faultl” {28 DB cal
- - Bl-{g] Jumps
*T_Fault Rst” —Acknowledye [l {21 Integer function
- h B (&8 Floating-point fet.
Flash frequen (3] Mave
"2_Hz" —C¥ [#l-@r] Program control
B[z shift{Rotate
"M_Faultl” —Report Hemory F-{a] Status bits
-] Timers
"M Faulcl Edge Edge_Memory B | [ G2 word logic
. Bl FE blocks
=8 FC blocks
- FC1
m: Evaluation Disturbance Z 403 FCIS FC_Operating_Modes
- FC16 FC_Conweyor
A3 FCI7 FC_Op|Fk_Mess
"FC_Faulw” L FC18 FC_Count
2l LD 40 FC20 FC_Fault
- FCI05 FC_SCALE COMVERT
Disturbance_I
5_Faultz” —nput - Display "L Faultz” ~{g8 SFBblocks
_Felea” = [hFaule {3 SFC blocks
“T Fault Rst” —Acknowledge Al Multiple instances
- - - fill Libraries
Flash freguen
"2 Ho" —ey
"M_Faultz” —Report_Memory
unctions of the praject EI
"H_Feult2 Edge Edge Memory B
—it
Ei| _,,J [ Progiam elemerts [B= Call suctue
ﬂ XTI 0] TEnor A Zinfe 4 3 Crossreferences 4 Address info. A S Modly A E: Diagnostics 7. Comparisan
2 |offline |abs <52 |Nw5 [nsert [chg 2
® " SITRAIN
SIMATIC® S7 Date: 12.03.03 ‘ Training for
File: PRO1 10E.13 Automation and Drives

Siemens AG 2003. All rights reserved.

Programming a
Block Call

Note

Parameter
Assignment

Passing On of
Parameters

The call of a parameter-assignable block can be programmed by copying the
symbol of the desired block into the code section of the calling block. The drag &
drop method works nicely for this purpose. This symbol is found in the "FC
Blocks" or "FB Blocks" folder of the Program Elements Catalog in the
LAD/FBD/STL Editor. A field with question marks then automatically appears for
each formal parameter of the called block in which the actual parameters are to
be entered.

When a parameter-assignable function (FC) is called, an actual parameter must
be passed for every formal parameter.

Exception:

In the graphic programming languages LAD and FBD, the assignment of the EN
and ENO parameters, which are automatically added by the Editor, is optional.
Here we are not dealing with formal parameters, rather the possibility of calling a
block conditionally.

All global and local addresses whose data type corresponds to the formal
parameters of the called block can be passed as actual parameters.

The actual parameters can be passed with an absolute address or with a
symbolic name just as in the global symbol table or in the declaration table of
the calling block.

Basically, a passing on of parameters is also possible. That is, formal
parameters of the calling block are passed on as actual parameters to the called
block. For complex data type parameters, this is however only possible with
limitations. It is dealt with in greater detail in another more advanced course.
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Exercise: Editing a Parameter-assignable FC Block

BHLAD/STL/FBD - [FC20 — My_ProjectMy_Station',CPU 314]

{F File Edit Insert PLC Debug Wiew Options Window Help

=0l
=@ x|

D|(e-a| 8| szl o] el = s < OfE 2] 1Hw-olms == w2

Contents OF: ‘EnvironmenthInterface!IN'

b Interface

=0 m

'@ Disturbance_Input
=] Acknowledge
-8 Flash_frequency

=43 OUT

B Display

F-0F TH_OUT

- 'E Repart_Memary
' Edge_Memary_Eit

g TEMP
-4 RETLRM

L@ RET_YAL

[Hame
‘&= |Disturbance_lnput
| Acknowledge
‘B Flash_frequency
= |

Data Twpe
Bool
Bool
Boaol

[Comment

FCzo o

Title:

#Disturbance I

: Disturbance evaluation

#Edge_Memory B #Report_Memory #Flash frecuen

nput it SR ‘ cy #Display
Il {e} E u |} [} I
#hcknowledge —R
#Disturbance I
#Feport_Memory nput
i I Il
=
5_||| 4l Ip 1Emor A Zrfo A F Crossreferences A 4 Addessinfa A S Modily A B Diagnostics A 7 Comparison [/
0
Press F1 ko get Help, 2 [affline |abs 252 | Insert s
® Y o
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
File: PROL 10E.14 & Automation and Drives

Siemens AG 2003. All

Function of

Fault Evaluation

rights reserved.

the

When a fault occurs an output light will begin flashing at a 2 Hertz rate. When
the fault is acknowledged one of two things will occur. If the fault is no longer

valid the output will turn off or if it is still valid the output will change to a steady

light.
Task Create a fault evaluation program in the parameter-assignable block FC 20. In
the slide above, the declaration table and logic code are provided for FC 20.
What To Do * Insert the FC 20 block.
» Declare the formal parameters as shown in the slide.
» Create the program in FC 20 using the declared formal parameters.
+ Save the block and download it to the CPU.
SITRAIN Training for ST-7PRO1
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Exercise: Calling a Parameter-assignable FC Block

HiLAD/STL/FBD - [FC17 - My_Project'My_Station',CPU 314] =0l
{3 File Edit Insert PLC Debug Miew Options Window Help & x|

D[ (5(R]| S| & |m|e] o] cld| [
S 1 o o T 7 P

Hetwork 4 : Evaluation Disturbance 1 LI
| EN “FC_Fault” - |
Disturbance_I
1st. call of FC 20 for —— Dioplay| v, Faer

display of Disturb. 1

T Fault Rst” —Acknowledge

Flash_frequen
"2_Hz" —C¥

"M_Faultl” —Report _Memory

"M_Faultl Edge Edge_emory B
" —1it

PSS £ootuation Disturbence 2

| “FC_Fault” |
L S END

Disturbance_I

2nd. call of FC 20 for "8_Faultz” - EE Display-i_Fauitz”
display of Disturb. 2 "T_Fault Ret TR

Flash_frequen
"2 Hz" —C¥

"M_Faultz" —Report Memory

"M _Faultz Edge Edge_Memory B
" —1it

ol o

Z[AADIMR TEner ) 2o A 3 Ciossefeences ), G Addiessiio. J_ B Hodly B Diagnost

[ 2 [offine [abs <52 [Nws [tnsert [ 7
SIMATIC® S7 Date: 120303 @ SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_10E.15 ~  Automation and Drives
Task Two process disturbances (two switches on the simulator) are to be evaluated

or displayed through an LED on the simulator. Accordingly, program two calls of
FC 20 and assign parameters to it using the actual parameters shown in the
slide.

What To Do * Program the FC 20 - calls in two new networks in the block Disturbance
Evaluation FC 17

» Save the modified FC 17 and download it to the CPU
» Monitor and test the program

Note You have parameterized the memory byte MB 10 as a clock memory byte in the
CPU properties using the HW-Config tool. Should you have performed a
memory reset in the meantime, you have to reload the system data you
generated with HW Config into the CPU in order to make the bit memory M10.3
flash.

SITRAIN Training for _ ST-7PRO1
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OB1

Function Blocks (FBSs)

DB 2

—] EN

FB 20

— Fault_Signal
— Acknowledge

— Flash_Frequency ENO —

Display —

Declaration table of the function block

Contents OF: ‘EnvironmentiInterface)IN'

4 TEMP

[ nterface [Mame Data Tvpe  |Address [Initial Value |Exclusion address|Termination addre
EE =31 = [Disturhance_Input Bool 0.0 FALSE r r
-~ Disturbance_Input B Acknowledge Bool 0.1 FALSE - -
B Acknowledge @ Flash_frequency Bool 0.2 FALSE r r
LB Flash_frequency a r r
=-43 ouT
[ =] Display
0k IN_OUT
- STAT

----- ‘B Report_Memory
2 Edge_Memary_Bit

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Special Features
of FBs

Exclusion Address
and Termination
Address

Parameters

Static Variables

FB Advantages

Date: 12.03.03

nY .
" SITRAIN Training for
File: PRO1_10E.16

Automation and Drives

Unlike functions (FCs), function blocks (FBs) have a (recall) memory. That
means that a local data block is assigned to the function block, the so-called
instance data block. When you call an FB, you also have to specify the
number of the instance DB, which is automatically opened.

An instance DB is used to save static variables. These local variables can only
be used in the FB, in whose declaration table they are declared. When the block
is exited, they are retained.

By activating this option, you can assign properties to the FB parameters and
static variables that are only relevant in connection with a process diagnosis.

When the function block is called, the values of the actual parameter are stored
in the instance data block.

If no actual parameters are assigned to a formal parameter in a block call, then
the last value stored in the instance DB for this parameter is used in the
program execution.

You can specify different actual parameters with every FB call.
When the function block is exited, the data in the data block is retained.

Static local variables store block specific data that are not accessed exterior to
the function block. In other words the variable is not passed in or out of the
block as a formal parameter.

» When you write a program for an FC, you must search for empty bit memory
address areas or data areas and you must maintain them yourself. The static
variables of an FB, on the other hand, are maintained by the STEP 7
software.

» When you use static variables you avoid the risk of assigning bit memory
address areas or data areas twice.

» Instead of the formal parameters "Report memory" and "Edge memory
bit" of the FC20, you use the static variables "Stored_Fault" and
"Edge_Memory" in the FB. This makes the block call simpler since
the two formal parameters are dropped.
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Function Block for Message Display

“'E Flash_frequency
=43 oUT
m Display
0 IN_OUT
=-dm STAT
=] Report_Memory
.8 Edge_Memory_Eit
g TEMP

a

i Contents OF: 'Environment|InterfacelIM'
IS rterface [rame Data Type  |Address Initial Value |Exclusion address|Termination address|Cam
E--a:_r I ‘& |Disturbance_Input Bool 0.0 FALSE o
8 Disturbance_Input ‘B Acknowledge Bool 0.1 FALSE r r
<8 Acknowledge @ Flash_frequency Boal 0z FALSE r
-

Declaration table
of the function
block

&)

m DB2 -- My_Project’My_Station\CPU 314

Address (Declaration |(Hame Type Initial wvalue |Comment
0.00in Disturbance Input BOOL FALSE
0.1(in Acknowledge BOOL FALSE
0.2|in Flash fredquency EOOL FALSE
p-lancg 2.0 Di l_ BOOL FALSE
.0fout ispla
data block EES
4.0(stat Report HMemory BEOOL FALSE
4.1|ztar Edge_Memory Bit BOOL FALSE
Y .
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
File: PRO1_10E.17 1 Automation and Drives

Siemens AG 2003. All rights reserved.

Message Display

Instance DB
Structure

In an earlier exercise you created a parameter-assignable FC 20 block for

displaying a message (indicating a problem).

Instead of bit memories, that were used in the FC20 to save the message signal
and its RLO edge detection, you can use so-called static variables in an FB.
They are stored in the instance DB referencing the FB.

When a DB is generated and references an FB, STEP7 creates the data
structure of the data block using the structure specified in the local declaration
table for the function block. After you save the DB, the data block is created and

can then be used as an instance DB.
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Generating Instance Data Blocks
1. Generate instance DB with FB call |:: | 2. Create new instance DB
In the LAD/STL/FBD Editor i In the SIMATIC Manager
{f§iLAD/STL/FBD - [0B1 -- My_PrajectMy_Station',CPU 314] _1af ]|
O3 Fle Edit Insert PLC Debug Yiew Options Window Help _1&1 x| u
=2 o 0
EIEI—IEI él M%IEI ilgl t—lﬂl E Bl Properties - Data Block él
| el MR ] A0l o] K] :
— |\ Geneial-Part1 | GeneraI-PartZI Calls I Atmhutesl
0BL : Cyclic Program Execution j H
frot:y, 1RV | e [oB20 [instancepe x| [FB20 =l
H Symbalic Name: IDB_\nstance_FauIt
:
“FE Faulio” u Symbol Comment: |\nstance-DB for Evaluation of Fault|
H - ENOR— H
" Created in Language: DE 7
IDisturbance_I i
... —nput Displayf-... H Project path I
.. acknovledge 33 g;%r;?:clt?cat\on |E_\S?_Cuurses\My_F'rDie
g;“h—freq"‘en ] 33 Code Interface
o = Date created: 29/01/2003 01:41:45
e | _PlJ H Last modified: 29/01/2003 01:41:46 259/01/2003 01:41:46
AR Erar % Inf references & Address info 5 Wodfy 33 Comment: =
Press F1 o get Help. - L 2 [offline labs <52 |t 1 4 "
LAD/STL/FBD {30:150) ! |
i Ok C: | Hel
The instance data block DB 20 does not exist. Do pou 0 _ il LI
want to generate it? 0
Mo Details... Help 33
SIMATIC® S7 bate: 120303 WPl STRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_10E.18 ~  Audtomation and Drives

Generating an

There are two ways of generating a new instance DB:

Instance DB » When you call an FB, you specify with which instance DB the FB is to work.
The following message then pops up:
"The instance data block DB x does not exist. Do you want to generate it?".
» When you create a new DB, you select the option "Data block referencing a
function block™.
Notes One instance DB can only reference one FB. However, one FB can be
referenced by a different instance DB every time it is called.
If you modify the FB (by adding parameters or static variables), you must then
also generate the instance DB again.
SITRAIN Training for ST-7PRO1
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Inserting/Deleting Block Parameters Later On

Contents OF: 'Environment|Interface)IN'

% Interface

SR =
'8 Disturbance_Input
B Acknowledge
B Flash_frequency
8 Check_Lights
[=]-40k OUT
| Display
-4k IN_OUT
=-dm STAT
----- ‘&= Report_Memory
".'E Edge_Memary_Fit
--dg TEMP

[Mame Data Type  [Address [Initial Value_[Exclusion address [Termination address|c
‘& Disturbance_lnput Bool 0.0 FALSE I I
‘B Acknowledoe Boal 0.1 FALSE - -
‘& Flash_frequency Boal 0.z FALSE I I
Check_Lights Bool 0.3 ]
= r

The interface of the block was changed. After
SavesLoad, this results in an interface conflict with the
blocks that reference it. When this block is loaded. the
CPU can go into the STOP mode.

Continue 5 aveLoad?

Mo

Help |

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Problem

SITRAIN Training for

12.03.03 . N
Automation and Drives

Y
Date: ."
PRO1_10E.19 ~

File:

If you have to adjust or supplement the interfaces or the code of individual
blocks during or after program creation, it can lead to time stamp conflicts. Time
stamp conflicts can, in turn, lead to block inconsistencies between calling and
called blocks or reference blocks and thus to a great degree of correction.

If block parameters are added or deleted later on to a block already called in the
program, you also have to update the calls of the block in other blocks. If this is
neglected, the CPU either goes into STOP or the block function can no longer
be guaranteed since additionally declared formal parameters are not supplied
with actual parameters when called.

In the example, the additional input parameter "Check_lights" was inserted
which has to be supplied later on with an actual parameter in all block calls.

When you save a block whose interface was modified by adding or deleting
formal parameters, a message pops up warning you of possible problems.
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Checking the Block Consistency

@) 0BZ -- Instance DE - FB20
@ [ DB3-- Instance DE - FB201

J_ISIMATIC Manager - My_Project oy [m] ]
File | Edt Insert PLC View Options Window Help
—(ol x| oo o Chrl+% E_I_ i Check block consistency. - [ST Program{15) (=53] 03
Program  Edit View Help — Copy Ctrl+C = Program Edit Wiew Help
fa ) L] 1|31 Faste: el a
t_lr_lill_;%l_l_ﬁl__l_l_l_l El slex| 22 wlole 5[] e
#h| G| K| [<ancbiects> B Delete Del
oo 4| B K2 [Hcbiscis =
Object Hierarchy Select Al Cirl+A e
5 am Call Tree (| A Undo Selection 17 Object Hierarchy:
D upTL [s1] =
) DB1 -- Glabsl DB [0B Editar] Rename F2 Pl D BTt [=TL] I—
) DB2 -- Instance DB - FB20 "DB_Instance_Fault?" [DB Editor] Object Properties. .. Alt+Return = DE3 [ o8t - Global DB [0 Editor]
93 Fezn FBFauts! [LAD) Special Obect Properties » D853 =[] DB2 -- Instance DB - FB20 “DB_Instance_Fault2" [O6 Editor]
@[] DB3 -- Instance DB - F&20 "DB_Instance_Fault¥" [D Editor Cpen Object Crlraien  BDVAT * DB -
153 Fez0 “FB_Fauks” [LAD] ~J P = - FCL7 FC_OpiFk_Mess" [LAD]
[0 pB1& -- Global DB "DB_Parts" [DB Editar] ~- (2 ©B3 -- Instance DE - FE20 "DB_Instance_Fault3" [DE Editor]
- [_) DB20 -- Instance DE - FB20 [DB Editar] CUrl+E - ) FCI7 "FC_OpJFlt_Mess" [LAD]
- 5 Fezo 'FB_Faults" [LAD] (3 0816 - Global B "DB_Parts" [DB Editar]
[ £B93 - Glebal DB " [D8 Editor] Export Source, . OFce “FC_Count” [LAD]
8 Ez” ['Ci;;a““ Leael [) DE20 - Instance DB - FB20 [DE Editar]
QFas "FC_Operating_Modes” [LAD] -1 pess - Glubaﬂ' 0B . 0B Editr]
- FC16 "FC_Conveyor" [LAD] () FBz0 FE_Faults” [LAD]
) Fa17 “FC_Op/Flt_Mess" [LAD] 2] DB2 -- Instance DB - FB20 "DB_Instance_Fault?" [DB Edi

*DE_Instance_Fault2” [DB Edi
*DE_Instance_Fault3" [DB Edi

@} DB3 - Instance DB - FE20 "DB_Instance_Fault3" [DB Edi

i

2] DE20 - Instance DB - FE20 [DB Editor]
O Fezo FC_Fault’ [LAD] b @[] FoL? "FC_OpjFlt_Mess" [LAD]
- ) FB20 "FB_Faults” [LAD] - FCL [LaD]
) FC18 "FC_Count" [LAD] n . "
{0 o818~ GlbslDE  "DB_Parts” [DB Edtor] L Feis FC_Cperating_Modes” [LAD]
O Fczo "FC_Faul™ [LAD] D oe 'OB_Cycle" [LAD] -
[0 #Fcios "FC_SCALE" [STL] D Fcs "FC_Conveyor" [LAD]
2 o8t 96 Cycle” [LAC] || checks the current black container For the consistency of the depen| | 1J OB ‘OB Cycle” [LAC] 7
| B -0 Fc1r “FC_OpgFlk_Mess" [LAD]
T[4 TeII :Compile A, 2Inia f E| . N} E[SEI "FéloggxfniEIEEL»fEt)’;D]
Fress F1 for help. [ 4 i 0BI "OB_Cycle” [LAD]

| of”

[ T

4

[ A eI 1-Compile A 2:Infa /

Press F1 for help.

SIMATIC® S7

Siemens AG 2003. All rights reserved.
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...as Dependency
Tree
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Date:
File:

The function Check block consistency -> Compile clears up a large portion of all
time stamp conflicts and block inconsistencies.

Interface conflicts occur when the interface of a parameter-assignable block is
modified, after the block's calls have already been programmed in other blocks.
Block inconsistencies also occur when, for example, addresses are accessed
symbolically, and the assignment Symbol <-> Absolute address is changed later
on in the global symbol table or in data blocks.

As you can see in the slide, blocks that have consistencies that could not be
cleared up automatically (such as for interface conflicts) have symbols to
indicate this (see online help). These blocks can then be opened and corrected
by the user with the respective Editor using the right mouse button (please see
next page).

The tree view shows the logic/interface dependencies or references of the
blocks of the selected block folder. The tree view can be displayed either as
Dependency Tree or as Reference Tree using View -> Reference Tree /
Dependency Tree.

The reference tree shows in levels from left to right the dependencies of all
blocks or their nesting. Just as with the Reference data Program structure, the
call paths are displayed from left to right starting from nesting depth 1. Thus, the
reference tree gives an overview of the nesting depths in the individual program
execution levels.

The dependency tree shows in levels from left to right the dependencies of all
blocks or their nesting. In this case the displayed call paths don‘t start from
nesting depth 1 but from the individual blocks. Accordingly, all blocks of the
block folder are listed in the far left level. The following levels (to the right) show
the dependencies or the blocks from which they are called. Just as with the
Reference data-Cross reference list, the dependency tree supplies you with
information about which other blocks call every block.
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Corrections when Calling Modified Blocks

IEiLAD /STL/FBD - [FC17 - My_ProjectiMy_Station\,CPU 314] _(ol x|
i} File Edit Insert PLC Debug VYiew ©phions Window Help lal ~1
Called Block 3
D|s|s-E] 8| &= <] eldal [& ” "
u T+
ar| 1<|>!| TR &2 AE3t0lEs | =] w2 Copy ChikbC
Delete Del
Hetwwork 5 : Evaluation Disturbance 2
Insert Metwork Chrl4R
Insert Empty Box  Alt+F9
"B Instance F
anliz” - . 2 Go To 3
T Faults” | Once with the rlght Edit Symbals... Alt+Return
- N
|Distnrbance T
"§ Fanltzw nput - Displavl— "L Fanlta™ N x|
- - 0id Block Hew Block:
T Fanlt Rst" 1 edge
lash frequen “BB_Instance F "DB_Instance F
"y Hp'—{C¥ anltz” k2"
- "FB_Faults" "FB_Faults" |
Encf—— EN ENO
|Disturbance I Disturbance I ’7
‘I I "8 Fanl#2"—fnput Display- ] |"5_Faultz” —nput Display g
|Farzlt Bst—JAcknrowledge Faulr_Rst” —Acknowledge
ﬂl [AlAfwM]s 1:Emor A Znfo A 3 Cross-eferences A did b T
= “2_Ha" 3 Har—
Press F1 to get Help, 2 |affline A el
... —Check_Lights
< T 1 |« | 5
Cancel Help
B L
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Updating a Call Inconsistent calls of a block (in the slide FB 20) are marked in red in the opened,

calling block (in the slide OB 1).

By clicking on the inconsistent call with the right mouse button, you can select
the function Update Block Call in the follow-up dialog box. A window then
appears in which the old (faulty) and the new block call (in the slide with the
additional parameter "Check_Lights") is displayed. After confirming with OK, you
can pass the missing actual parameter for the formal parameter "Check_Lights".

The Instance_DB is then regenerated for function blocks.

SITRAIN Training for
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HEILAD/STL/FBD - [FB20 -- My_ProjectiMy_Station},CPU 314] N [=]
i} File Edit Insert PLC Debug VWiew Options ‘Window Help _|ﬁ||1|

Exercise: Editing a Function Block

D28 S| 3 [mle] o] vldl S s <] DR 2| E3H-0lm]s == x|

Contents OF: 'EnvironmentiInterface| I

b Inkerface

SR ]

=40 ouUT
=1 Display

T IN_OUT

=4 STAT

T TEMP

-8 Disturbance_Input 2 Acknowledoe Bool 0.1 FALSE
B Acknowledge

-8 Flash_frequency

~'E Report_Memary
& Edge_Memory_Bit

Mame Data Type Address Initial Yalue  |Exclusion address|Termination address|C
‘2 |Disturbance_Input Bool

r r
‘B Flash_frequency Bool 0z FALSE - -
= r r

< |

nput
|1

#Disturbance T

Lol

#Edge_Memory B #Report Memory #Flash frequen
it SR c¥ #Display

11

#Report Memory

(2} 0 I (—1

It
#hcknowledge —R

#Disturbance I
nput

=

5_|| [l 4l m[ml_ T:Ewor A Zinfo A 3 Crossreferences A 4 Addessinfo. A S Modfy A BiDiagnostics A 7 Comparison  f
=

Press F1 to get Help.

2 [offline [abs <52 | Insert v

SIMATIC® S7
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An additional fault (simulator switch) is to be evaluated. The easiest way to do
this would be to program another FC 20 call.

However, in order to make use of the given advantages of an FB solution, you
are to program a parameter-assignable FB 20 for the evaluation of this third
fault.

The static variables Edge_Memory and Stored_Fault are stored in the instance
DB of the FB.
In the slide you can see the declaration table and the program code for FB 20.

» Insert the FB 20 block into the S7 program called "My Program" .

» Declare the formal parameters and the static variables of the block as shown
in the slide.

» Write the program code for FB 20. The easiest method of doing this is to
copy and paste the necessary network from the already programmed FC 20
block.

» Save the new block and download it into the CPU.

SITRAIN Training for
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FC17 : Title:

Hetwork 1: Call the fault logic with the following Parameters

Exercise: Calling a Function Block and Testing It

"T_Fault_Rst" —Acknowledge

Flash frequen
"2_Hz" =E¥

"M Fault2" —Report_Memory

"M_FaultZz Edge Edge_Memory B
,, o

"FC_Fault” |
EN END
Disturbance T
"§_Faultl” —nHput Diaplay "l Faultl”
"T_Fault_ Rst" —Acknowledge
Flash_frequen
"Z_Hz" =C¥
“M_Faultl" —Report Memory
"M_Faultl_Edge Edge Memory B
" =it
m: Fecond call to the Fault Logic
| Delete
"FC_Fault"
0 - 7 Network 2
Disturbance T
"5_Faultz™ —nput Display —~L_Faultz™

Hetwork 2 : Second Fault Logic First Fault Function Block

"DE_Instance_ F
aultz”

"FBE_Faults"

Add

Network 2 & 3

EN ENT

Disturbance_ I
"5 _Faultz™ —nput

*T_Fault_Rst” —Acknowledge

Flash_ frecuen
"&_Hz" —C¥

"DE_Instance_ F
aulci”

"FBE_Faults"
EN ENOD

Disturbance_ I
"5 _Fault3™ —nput Display
"T_Fault Rst" —Acknowledge

Flash_frecuen

Display —"L_Faultz"

m: Third Fault Logic Second Fault Function Block

"2 Hz" —C¥

—"L_Fault3™

SIMATIC® S7
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In FC 17 the second call to FC 20 will be deleted. The parameter-assigned block

FB 20 will be called twice, once to replace the second call of FC 20 and evaluate
Fault # 2 and the second time to evaluate Fault # 3.

Each time FB 20 is called assign a different instance data block.

What To Do .

Fault #2 is to be subsequently implemented with FB 20.

» Program both calls of FB 20 as shown in the slide in two new networks in
FC 17. Let the Editor generate the instance DBs 2 and 3.

» Save the modified FC 17 offline only, for the time being.

+ First download both generated instance DBs 2 and 3 from the SIMATIC®
Manager into the CPU and then the modified FC 17.

» Test the functioning of your program.

In FC 17 delete the second call of FC 20, since the evaluation of

SITRAIN Training for
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The Multi-instance Model

The Instance Model

The Multi-instance Model

OB 1

Call FB20, DB10
Disturb._Input:=
Acknowledge:=
Flash_Freq:=
Display:=

Call FB20, DB11
Disturb._Input:=
Acknowledge:=
Flash_Freq:=
Display:=

Call FB20, DB12
Disturb._Input:=
Acknowledge:=

DB10 OB1
| Call FB100, DB100
FB20
— FB 100
stat | Dist_1 | FB20
stat | Dist_2 | FB20
DB11 = DB100
Call Dist_1 Parameters and
FB20 Disturb._Input:= static variables
— Acknowledge:= of the 1st. call
Flash_Freq:= of FB20
Display:=
DB12 Call Dist_2

Disturb._Input:=
Acknowledge:=

Parameters and

FB20 static variables

Flash_Freq:= Flash_Freq:= of the 2nd. call
Display:= Display:= of FB20
SIMATI C® S7 Date: 12.03.03 zv‘ SITRAIN Training for
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The Multi-instance
Model

Note
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Up until now, you had to use a different instance data block for every call of a
function block. The number of data blocks is limited however, and for that
reason there is a method that allows you to use a common instance DB for
several FB calls.

The multi-instance model now enables you to use a single DB for several calls.
To do this, you need an additional FB to manage these instances.

For every FB call (FB 20), you define a static variable in the higher-level FB (FB
100). With the block call Call Dist_1, you do not then have to specify an instance
DB.

The higher-level FB (FB 100) is called, for example, in OB1, the common
instance DB (DB 100) is only generated once.

Multi-instances are discussed in an advanced programming course.

SITRAIN Training for
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Exercise: Recognizing Types of Variables

| Contents OF: 'EnvironmentiInterfaceiIh'

I-@ Inkerface Mame Data Type  [Address Initial Value  |Exclusion address|Termination address|Co
=4 I Mumber_1  ‘Ward Wigt G0

8 Mumber_1 ‘B2 Mumber_2  |Word 2.0 Wy B0 r r

B Wumber_2

=43 OUT = : i
-2 Result

80k TN_OUT

=4 STAT
----- B Maximum_Yalug
=) Intermediate_‘alue

43 TEMP

T P = DOrFr YA RRA1AA = =
Global | Local |[Absolute[ Symbolic |[Temporary] Static |Parameter

Statement

L #Number 1
L #Number_2
T #Maximum_value
L #Intermediate_result

L “Number_1"
T MW 40
T #Number_2
SI MATl C® S? ate: B4 SITRAIN Training for
Siemens AG 2003. Al rights reserved. Eilet: ) é%ooi'?foazs '!‘ Automation and Drives
Task In the Statement section of the slide, you can see a program with various
variables. In the table below it, assign the corresponding properties to the
variables.
What To Do In the table, mark the associated data type with an X.
Answer the following question:
What is not correct in the statement T#Number_2 ?
SITRAIN Training for ST-7PRO1
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Using the EN/ENO Parameters with Block Calls

LAD/FBD @

FC1
|:||:| Unconditional ca> ??.?2—EN  ENO|— CALL FC 1

NOP O

_ FC1 oo A | 0.1
I:II:H Conditional call 10.1— EN ENO— - JNB _ 001
CALL FC 1
_001: A BR
= Q 9.0

=

FC1 FC2 FC3

??.? — EN ENO EN ENO EN ENO =

SIMATIC® S7

Siemens AG 2003. All rights reserved. File: PRO1_10E.26

Standard FCs

User FCs

Interconnection
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The following rules exist for the execution of standard FCs:

» If EN=0, the block is not executed and ENO is also =0.

» If EN=1, the block is exeucted and if it is executed without errors ENO is also
=1.
If an error occurs while the block is being executed, ENO becomes =0.

It doesn‘t matter whether a user block was written in LAD, FBD or STL, when it
is called in LAD/FBD, the parameters EN and ENO are added as well.

EN/ENO do not exist in STL. You can, however, emulate them.

You must program -irregardless of the programming language- an error
evaluation.

In LAD/FBD, several boxes can be grouped together one after the other and
linked logically with EN / ENO.

SITRAIN Training for . ST-7PRO1
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Summary: Block Calls
\| FC | FB |
Lan-
guage | Without parameters | With parameters | | W/o param., w/o stat. var. [ W param., and/or stat.varl
« CALL FC1 e CALL FC2 « CALL FB2, DB3
STL . UC FC1 Parl: ... .« UC FB1 Parl: ...
Par2: ... Par2: ...
+ CC FC1 Par3: ... + CC FBl1 Par3: ...
FC1
_ —eny) DB3
FC1 FC2 FB2
LAD —len ENO— —EN ENO[— not available —EN ENO[—
—Parl —|Parl
—Par2 Par3|— —Par2 Par3—
FC1
CALL DB3
““““““““““ FC2 FB2
FBD FC1 gEN  Padfy not available —{EN Par3
—]EN — Parl —1Parl
ENO—
—Par2 ENO[— — Par2
ENO[—
SIMATI C® S7 Date: 12.03.03 zv‘ SITRAIN Training for

Siemens AG 2003. All rights reserved.

CALL

uc

CC

Note

Parameters
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The "CALL" instructions is used for calling program blocks (FC, FB, SFC, SFB).
In the graphic programming languages LAD and FBD, the block call can be
made dependent on a condition (RLO) using the EN input of the CALL box. In
the STL programming language the block call is absolute, that is, regardless of
the RLO.

If you call an FB or SFB with "CALL", you must also specify the relevant
instance DB. You can use either the absolute or the symbolic nhame for the
block.

For example: "CALL FB2, DB2" or "CALL valve, level".

The "UC" instruction is an unconditional call of a block of the type FC or FB. The
UC operation is only allowed if the FC or FB called is not parameter-assignable.
As well, no static variables may be declared in an FB called with UC.

The "CC" instruction is a conditional call of a block of the type FC or FB. The CC
operation is only allowed if the FC or FB called is not parameter-assignable. As
well, no static variables may be declared in an FB called with CC.

The UC and CC instructions do not convert to Ladder or Function Block
Diagram representation. Also, the program editor will allow the UC or CC call of
a parameter assigned block. When the program is downloaded an "AREA
ERROR when Reading” system fault will occur.

The formal parameters declared in the declaration table of a block are the
interface of the block. When a parameter-assignable FC is called, an actual
parameter must be passed for every formal parameter. This parameter passing
is not mandatory when an FB is called.

Static and temporary variables are not parameters and are accordingly not part
of the block interface. As a result, no parameter passing for static or temporary
variables can take place in block calls.
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Troubleshooting

AD/STL/FBD - |@FE1 -- My PrDiEl:l:\Mr Sl:al:il:ln:l:PU___314 ONLINE] = Il:llil
Edit Insert PLC Debug Wiew Options ‘Window Help _|ﬁ||i|

: &l &l o] el [o
el OfE 22 AH#H 0l L | 2= A2

,,,,,,,,,,,

#L_Systen
"T_System 0N SR "L_System”
¢
1 f 2 g {}
"T_Systen OFF”
e R

ot o

_ﬁl [l 4 >Im 1:Emor A Zinfo A 3 Crossreferences A 4 Addessinfa.

Press F1 to get Help. @__ fbs = 5.2 ﬁ
v, -
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Troubleshooting

AD/STL/FBD - |@FE1 -- My PrDiEl:l:\Mr Sl:al:il:ln:l:PU 314 OMLIME] = Il:llil
Edit Insert PLC Debug Wiew Options ‘Window Help _|ﬁ||i|

: &l &l o] el [o
el OfE 22 AH#H 0l L | 2= A2

,,,,,,,,,,,

#L_Systen
"T_System 0N SR "L_System”
¢
1 f 2 g {}
"T_Systen OFF”
e R

ot o

_ﬁl [l 4 >Im 1:Emor A Zinfo A 3 Crossreferences A 4 Addessinfa.

Press F1 to get Help. @__ fbs = 5.2 ﬁ
v, -
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Objectives
Upon completion of this chapter the participant will ...

be able to classify occurring errors as "Errors recognized by the system"
and "Functional errors"

be familiar with the "Displaying CPU Messages" function

be able to read out the diagnostic buffer, interpret it and use it for
troubleshooting

be able to read out the | STACK, B STACK and L STACK and interpret
them

be able to read out the hardware diagnosis

be able to apply the "Monitor / Modify Variable" function and use it for
troubleshooting

be able to interpret the displays of the "Monitor" function in the
LAD/STL/FBD Editor and use them for troubleshooting

be able to read out the reference data, interpret them and use them for
troubleshooting

understand the "Force" function

understand the "Breakpoints" function

nv -
SIMATIC® S7 Date:  12.03.03 "‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_11E.3 %  Automation and Drives
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Categories of Errors

Errors Detected by the System I III III
 Recording, evaluating and indicating _I!.“I
errors within a PLC III
|

(as arule: CPU STOP)
» Module failure
» Short-circuit in signal cables
e Scan time overrun

» Programming error (accessing a
non-existent block)

Functional Errors

» Desired function is either not executed at all
or is not correctly executed
» Process fault (sensor/actuator, cable defective)

 Logical programming error (not detected
during creation and startup)

SIMATIC® S7 Date:  12.03.03 ‘sv‘ SITRAIN Training for
-
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Monitoring Functions Diagnosis is important in the operating phase of a system or machine. Diagnosis
usually occurs when a problem (disturbance) leads to standstill or to the incorrect
functioning of the system or machine.

Due to the costs associated with downtimes or faulty functions, the associated
cause of the disturbance has to be found quickly and then eliminated.

Categories of Errors Errors that occur can be divided into two categories, depending on whether or not
they are detected by the PLC:

» Errors that are detected by the PLC's operating system and normally cause the
CPU to go into the Stop state.

» Functional errors, that is, the CPU processes the program as usual, but the
desired function is either not executed at all or it is executed incorrectly.

The search for these types of errors is much more difficult, since the
cause of the error is initially hard to determine.

There are two types of functional errors.
—Process Fault (such as a wiring error)

A fault that was triggered by the faulty functioning of components
directly associated with the process control, such as cables to
sensors/actuators or by a defect in the sensor/actuator itself.

—Logical Programming Errors (such as a double assignment)

A software error that was not detected during creation and startup of
the user program and probably occurs only on extremely rare
occassions.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 4 Troubleshooting
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STEP7 - Debugging Tools, Overview

/\

Error detected by the System: Functional fault:
General Rule: CPU in STOP General Rule: CPU in RUN
(such as accessing a non-existent DB) (process fault, such as a wire break)
(Diagnostic interrupt of a signal module) (logical programming error, like a double assignment)

Error

Debugging Tools:
» Enable Peripheral Outputs (modify outputs
* Monitor / Modify Variable

Debugging Tools:
* Module Information
- Diagnostic buffer

- I STACK » Monitor Blocks (Block Status)
- BSTACK » Reference Data
- L STACK - Cross References

- Assignment of I/Q/M/T/C

- Program Structure

- Addresses without Symbols
- Unused Symbols

» Hardware Diagnhostics

Regardless of the cause of the error you could use:
* Force » Block Compare
» Set Breakpoints

SIMATIC® S7 Date:  12.03.03 51 SITRAIN Training for
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Using There are various STEP 7 test functions for troubleshooting, depending on the type
Test Functions ... of error caused.

...when CPU in STOP For errors that are detected by the system, the test functions Diagnostic Buffer, |
STACK, B STACK, L STACK and Hardware Diagnostics give detailed information
on the cause of the error and the location of the interruption. By programming Error
OBs (see the chapter on Organization Blocks), information on the error that
occurred can be evaluated by program and the transition of the CPU into the STOP
state can be prevented. If the CPU has stopped, the use of the test functions
Monitor / Modify Variable and Monitor Blocks makes little sense since the CPU
neither reads nor outputs process images while in the STOP state, and also no
longer executes the program.

...when CPU in RUN Vice versa, it makes little sense, as a rule, to use test functions such as | STACK, B
STACK or L STACK for troubleshooting when the CPU is in RUN, since program
execution has not been interrupted and the system does not provide any
information on the error that occurred. The Module Information test function merely
provides general information on the CPU's operating mode or on errors that
occurred in the past. Functional errors can be diagnosed as follows:

» Process Fault (such as a wiring error)

- wiring test of the inputs: Monitor Variable

- wiring test of the outputs: Enable Peripheral Outputs (only when CPU-STOP)
» Logical Programming Errors (such as a double assignment)

- All test functions listed, with the exception of Enable Peripheral Outputs , can
be used for searching for logical program errors.

Force Forced control of addresses regardless of the program logic.
Breakpoints For following the program execution in single steps.
Both test functions are used mostly during program design.

SITRAIN Training for ST-7PRO1
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System Diagnostics - Overview
CPU diagnostics detects CPU I/O module
a system error
CPU diagnostics detects Diagnostic | Diagnostics-
errors in the user program interrupt ~ [© capable module
_______________ O N detects an
i P S | S error and
! i o pIIIIiiIiioT generates a
i sl Yy vV diagnostic
| Error Diagnostic System interrupt
i OB buffer status list
I
I
i
[}
vv
CPU >
messages > 1
==
® = raining for
SIMATIC ot e szmmos WP STRAN e

Siemens AG 2003. All rights reserved.

System Dignostics

System Reaction

CPU Messages

All the monitoring functions with regard to the correct functioning of the components
of a PLC are grouped together under System Diagnostics.

All S7-CPUs have an intelligent diagnostics system. The acquisition of diagnostic
data by the system diagnostics does not have to be programmed. It is integrated in
the operating system of the CPU and in other diagnostics-capable modules and
runs automatically.

The CPU stores (temporarily) errors that occur in the diagnostic buffer and thus
enables a fast and targeted error diagnosis by service personnel, even for
sporadically occurring errors.

The operating system takes the following actions when it detects an error or a
STOP event, such as an orperating mode change (RUN -> STOP):

* A message on the cause and the effect of the occurring error is entered in the
diagnostic buffer, complete with the date and time.

The diagnostic buffer is a FIFO buffer on the CPU module for storing error
events. The size of the diagnostic buffer depends on the CPU (such as the CPU
314 = 100 entries).

In the FIFO buffer structure, the most recently entered message overwrites the
oldest diagnostic buffer entry. The diagnostic buffer is also not deleted by a
CPU Memory Reset.

» System status lists, that give information of the system status, are updated.

» The Error OB associated with this error is called. This gives the user the
opportunity of carrying out his own error handling.

If the CPU is to signal the cause of the STOP to all associated display devices
(such as a PG or OP) during a transition to STOP, the "Report Cause of STOP"
function has to be activated under the CPU Properties "Diagnostics/Clock" in the
Hardware Configuration.
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Displaying CPU Messages

HSIMATIC Manager - [My_Project -- D:4S7_Projekte\My_Proje] ] 23]
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= B9 My_Propect Beulerd _ L o 065 o DB100
S My_Station Compile &nd Download Ghjects ﬂ.FC‘I o Fo4
=-[@ cruan Uleed o Fir o8
=] Upload Station =
Copy RAM o ROM. ., FaCPU Messages =] 5|
Download user program ko memory card File Edit PLC View Options Help
Save ko Memary Card.. %IEI ngﬂl él QIEI
Retrieve from Memary Card... W | A |Module

Manage M7 System...

Display Accessible Nodes

Display Force Values

MonitorMadiFy Yariables 03 05:08:12:957 pm STOP caused by stop switch being activated
Previous operating made: RUN

Requested operating mode: STOP finternal)
My _Projectitly_StationdCPU 314

PGIRC

§ 29.03 04:15:55:302 pm Current Operating Mode: STOP

Diagnostic/Setting 3

PROFIBLS 3
Assign Ethernet Address. ..
fissign PE/RC

My _Projectibly_StationtCPU 314
Customize - CPU Messages 5[ PGRC
3 pm Currenit Operating Made: Warm restart
coi [ Archive My _Projectiby_StatiomCPU 314

= PGFC
Size: 300 = Emphy &rchive | 3pm Current Operating Mode: RUN J

Wy _Projectibly_StationtCRU 314

PGPC LI
Message 45 of 49 preselected UM

—Module
¥ Save List of the madules logged on on exit

V¥ Restore connection status when starting

Cancel Help
SIMATIC® S7 Date:  12.03.03 ‘v‘ SITRAIN Training for
: (X4 A d
Siemens AG 2003. All rights reserved. File: PRO1_11E.7 - utomation and Drives
CPU Messages With this function you can immediately display an error message for sporadic errors in

the system on a programming device or an HMI device. A message window pops up
on the PG or OP as soon as the connected CPU diagnostics detects an error.

User formatted messages can also be output programmed using System Function
SFC 52, WR_USMSG.

Module At the upper edge of the window all CPUs that were called in the SIMATIC® Manager
with the menu option PLC -> CPU Messages are entered in a list. The list is divided
into four columns:

1. In the first column, an icon displays whether a connection was interrupted by
the external partner.

2. Inthe column "W", system diagnostic and user diagnostic messages are
activated /deactivated.

3. Inthe column "A", interrupt messages are activated / deactivated.
The "CPU Messages" application checks if the module in question even
supports diagnostic and interrupt messages. If this is not the case, a message
is output.

4. In the column "Module", the name of the module or the path of the S7 program
is entered.

Incoming Messages The following options can be selected through the "View" menu:

» Place on Top: As soon as a message is received, the "CPU Messages"
window pops up on top, the message is displayed and at the same time
it is entered in the message archive.

» Leave in the Background: The receiving of messages takes place in the
background. Messages are displayed in the window, but the window remains in
the background. The messages are archived and can be displayed as required.

» lgnore Message: Messages are neither displayed nor archived.

Archive In the Settings you can select the size of the archive (40 to 2000 messages) or empty
the archive, among other things.
Options -> Customize -> Customize - CPU Messages

SITRAIN Training for ST-7PRO1
Automation and Drives Page 7 Troubleshooting
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Calling the "Module Information” Tool

® g
SIMATIC® Manager LAD/STL/FBD Editor
E:g /STL| -I - My jectiMy, -0l x
KJSIMATIC Manager - [My_Project -- D:\ST_Projekte\My_Proje] w L LAD/STL/FBD - [@FC1 -- My_ProjectMy_Station',CPU 314 OMLINE] m] _I
8P Fle Edt Insert | pLC View Options ‘Window Help i} File Edit Insert | PLC Debug Wiew Options Window Help 18] =
0| 22 Access Rights ||]J < Mo Fiter » _I O | D| E!,,l m & Dovinload |+l g
_ra Wy Project Download CriL F=YiTE oo Select Online CRUL..
S]] My_Station | Comle And Dovnioad Objects ST S FCH I 1 <<| Bl | I Pl Meseanes k?l
o @ crus Upload o fti? oy — 085
= Upload Station & IS o082 Display Force Values Chrl+Al+F =
Copy RAM to ROM. .. M2 |0 Conweyor WA AT FCl : Operatin¢ Monitor/Modify Yariables
Dowrload user program to memory card = = Sl i
Save to Memory Card.. fgsond S VR Module Information...  CrD
Retrieve from Memory Card. .. Operating Mode. .. Chrl+I
= Module Information - CPU 314 " x|
o pate e smencrn e Module Information
isplay Accessile Nodes S T
: T
;:Z;:E:ar?:liues Time System I Performance Data I Communication I Stacks I
MonitorModfy Variables General | Diagnostic B ulfer | demary | Scan Cycle Time
Hardware Diagnostics Diescription: CPLU 314 System SIMATIC 300
fp—— Vol Information. . Crl+D
Assign Ethernet Address... ERE R Cein Mersian: Order Mo,/ Description | Component | WVersion |
Clear/Reset... e
Assign PafPC et T 4 BEST 314-1AE04-04B0 Hardware 1
et Time of Day... L= .
Cancel PG/PE assignment — .- Firrmware w121
Update Operating System... x
i3
Displays the status of the selected module (diagnostic buffer, memory, scan cycle times, stacks), Dic
—  Rack 0 Address:
Slot; 2
Status: Module avalable and o k. C|
-]
Close I Update Print. | Help I/
® ‘V
SIMATIC® S7 Date:  12.03.03 ‘ SITRAIN Training for
File: PRO1_11E.8 Automation and Drives

Siemens AG 2003. All rights reserved.

Overview

Module Information

The CPU information supports you in system diagnosis without you having to do
any programming, and makes it possible to quickly detect errors, localize them and
eliminate them.

The information that you need for troubleshooting is supplied by the function:
PLC -> Diagnostic/Setting -> Module Information

You can access this function from the SIMATIC® Manager or from other tools (such
as the STL/LAD/FBD Editor).

The Module Information function reads the most important data from the directly
connected module. You will find additional information in the individual tabs:

General: Among other things, the module description, hardware and firmware
versions

Diagnostic Buffer: It contains all diagnostic events in the order they occurred. All
events are listed in plain text and in the order they occurred in the display.

Memory: Size and usage of the EPROM load memory, RAM load memory and the
work memory.

Scan Cycle Time: Displays the monitoring time selected, the shortest, the longest
and the current cycle time

Time System: Displays the real-time clock and the integrated run-time meter

Performance Data: Displays the integrated system blocks and the available
organization blocks as well as address areas (1,Q,M,T,C,L)

Communication: Displays the performance data of the communication interfaces
and the connection overview

Stacks: Information on the contents of the | Stack, B Stack and L Stack. For this, the
CPU must be in the STOP state or have reached a breakpoint.

SITRAIN Training for
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Module Information Tab: "Diagnostic Buffer"

MMudule Information - CPU 314 1 o ] A |
Path: |SEF|V2_32S‘\Chapter1 Blocks Dperating mode of the CPU: (% STOP
Status: #24 Error Mot a force job

Time System | Performance D ata I Communication I Stacks
General Diagnostic: Buffer | Memary I Scan Cycle Time

Events: [™ | Filter, settinas active = Time including ERPUY ozal e difference

g a Event

ed by programming enor (OB not loaded or r.,

2 05:32:04: 327 prn 01/29/03 BCD conversion ermor
3 053141216 pm /2903 Mode tranzition from STARTUP to BUMN
4 05:31:41:215 pm 01/29/03  Request far manual warm restart
5 05:31:41:179 pm 01/23/03  Mode trangition from STOP to STARTUPR
5 05:31:40:584 prn 01/29/03 Al modules are ready for operation
i 05:31:40: 365 prn 01/29/03  Module monitoring time started
8 05:31:37:087 pm 01/29/03  Memory rezet executed ;I
Detailz on Event: 1 af 100 Event|D:  16H# 4562
STOP cauzed by programming error [OB not loaded or not possible, or no FRE] -
Breakpoint in user program: Cyclic program [(OB1]
Friority clazs: 1
FC rumber: 18
Module address; 2
Previous ooerating mode: RUN LI

Save Az | Settings. .. | Open Block Help on Event |
Close | Update | Frint... | Help |

SIMATIC® S7 Date:  12.03.03 ‘v‘ SITRAIN Training for

Siemens AG 2003. All rights reserved. File: PRO1_11E.9 Automation and Drives

Diagnostic Buffer The diagnostic buffer is is a FIFO buffer in the CPU's battery-backed memory area.
The diagnostic buffer contains all diagnostic events in the order in which they
occurred. The diagnostic buffer cannot be deleted by a memory reset.

All events can be displayed on the programming device in plain text and in the
sequence in which they occur.

Details on Event When you select an event, the following additional information is supplied in the
"Details on Event" box, such as:

+ Event ID and event number

» Block type and number

» Additional information, depending on the event, such as the relative STL line
address of the instruction that caused the event (Module address 80 in the
example)

Help on Exent

Help on Event When you click on the | button, help on the event selected in the

list is opened.

(In the example shown, a programming error has occurred for which the relevant
error OB (OB121) is not programmed in the CPU.)

Open Block:

Open Block When you click on the | button, the block in which the interruption
occurred can be opened online (in the CPU) (in the above example: "FC 18").

Opening the Tool You open the diagnostic buffer by selecting the menu options PLC ->
Diagnostic/Setting -> Module Information --> Diagnostic Buffer tab in the SIMATIC®
Manager or Program Editor.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 9 Troubleshooting
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Interpreting Error Messages in the Diagnostic Buffer

mModule Information - CPU 3141_ o ] |

Exents:

Path: |SEH\-"2_32S\Chapter1D\Blocks Operating mode of the CPU; (% STOP
Status: #2# Emrar Mat a force job

Time System | Perfarmance [ ata I Communication I Stacks I
General Diagrostic: Buffer | td emary I Scan Cycle Time

;
I~ | Filter settings active ] ﬂ”"d"'e Information - CPU 314 “ ] 3

.| Time of day Date

Path: |SEH\-"2_32S\Chapter1D\Blocks Operating mode of the CPU; (% STOP

7 Status: #2# Emrar Mat a force job

S TR gjl jggjgg E‘IES ct‘:'m"er Time System | Perfarmance D ata I Communicatian I Stacks I

pm ode transiti . - .

4 05IL41215pm 0172902 Requestforr General DEgiEB ElE | Memory | Sean Cycle Time

g ggg:}fﬂ;gi Em g] ::gg::gg EHDI_:ZCE:?E; Exents: [~ Filter ssttings active [~ Time including CRUecal bime difference

7 053T4036Epm  01/29/03  Moduemoni [ Mo | Time of day [Date | Event =]

a 05:31: 37087 pro M/23/03  Memomy rese | 1)} 3 STDF' caused by proglammlng errar (OB not loaded or n... —
DeElban(Eet: 1 e _:l 3 et A6 pm 01 TR o tan o TR & RO
STOP caused by programming erar (OB not loaded | [ no 4 05:31:41:215 pm 01/29/03  Hequest fol_ !Tnanual warm restart
Breakpaint in user program: Cyelic program (DB1] 5 05:31:41:179 pm M/29/02  Mode tranzition from STOP to STARTUP
Priority class: 1 B 05:31:40:584 pm 1/23/03 Al modules are ready for operation
FC number: 18 T 05:31:40:365 pm 01/29/03  Module monitaring time starked
Module address: 2 8 05:31:37:087 pm 01/23/03  Memary reset executed ;I
Previous ooerating mode: RLUIN

= Details on Event: 2of 100 EventID: 164 2521
Save Az | Settings... | u} n_B BCD correersion enor
= \ffected register: accumulator 1

. Requested OB: Pragramming error OB [0B121)
(Closz I Uipiktiz I [Pl I 0B not found, or dizabled, or cannot be started in the current operating mode
Intermal emor, lncoming event
Save Az | Settings... | [Hpen Block Help on Event |
Cloze I Update I Frint.... I Help |
N\
SIMATIC® S7 Date:  12.03.03 “ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_11E.10 Automation and Drives
General The last entry appears at the top of the list. The time shows you which error

messages belong together (event no. 1 and 2 in the slide).

Interpreting Errors  In our example, a complete restart was performed before the error occurred (event

no. 3 to 5). After the restart, the error occurred and caused entries no. 1 and 2.

Event No. 1: the CPU goes into the STOP mode because the associated error OB
(OB 121) was not loaded into the controller.

The "Details" window shows the processing level, for example, OB 1 (Cycle) as well
as the block and the address of the instruction that caused the error (FC 18, block
address 80).

Event No. 2: the actual cause of error (BCD conversion error) is shown here. Under
"Details" you see that an invalid BCD number was stored in Accumulator 1. Also, the
error OB (OB 121) is shown that is called by the operating system when this error has

occurred.
Error OBs The following error OBs are available for error handling:
e 0OB81: Power supply fault (backup battery failure)
« OB 82: Diagnostic interrupt (such as wire break or module ground fault)
« OB84: CPU hardware fault (incorrect signal level at the MPI interface,
only for S7-400™)
« OB 85: Program execution error (error in updating the process image)
+ OB&86: Failure of distributed rack or DP-Slave
e« OB87: Communication error (incorrect frame 1D)
OB 121: Programming error (such as BCD conversion error, called block not
available)
« OB122: ?g):ess error (Load or transfer operations to non-existent or defective
I
Organization blocks are dealt with in more detail in their own chapter!
SITRAIN Training for ST-7PRO1
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Opening a Block Containing an Error
mModule Information - CPU 314‘ o ] |
Path: |SEH\-"2_32S\Chapter1D\Blocks Operating mode of the CPU; (% STOP
Status: #2# Emrar Mat a force job
Time System | Perfarmance [ ata I Communication I Stacks I
General Diagrostic: Buffer | td emary Scan Cycle Time I
Ewvents: ™| Filter settings active ™| Time includinn BRI analbime difference |
] Tt ol ok Date E»;I L..l\DEST.LfFBD = |Fl:13 -- SER¥2 .325=l:ha.El:erll]. DNLINEI = IElIlI
) [ s} Fil= Edit Insert PLC Debug View Options Window Help 18] =
2 1 32:04:327 prn =l ) [ Bz | el o =
3 05:31:41:216 pm 01/23/03  Mode transition from STA lelm |m @I & |‘|a% | | | | |ﬁlﬂl l_l
4 05:31:41:215 pm 1/29/03  Request for manual wam 6o | Tt [ONEY £ FAH-O Ly ||| w2
5 05:31:41:179 pm /29/02  Mode tranzition from STC _I _I—I _l_ _I _I
B 05:31:40:584 pm 01/23/03 Al modules are ready for Contents OF: 'Environment! Interface| TEMP'
7 05:31:40:365 pm 01/29/03  Module monitaring time sl Interface |Name Data Type |Address Comment
g 05:31:37:087 prn M/23/03  Memomy reset execubed Y ‘@ [Setpoint_value Int o0
. . F-<{3 OUT i=1
Details on Event: 1 of 100 43 I_OUT
STOP caused by programming eror (OB nat loaded or not possible, o || =8 TEMP
Breakpoint it uzer pragran: Cpclic pragram [DET] . B8 Setpoint_Yalus
Prioity class: 1 -4 RETURM
FC number: 18 | | |
Module address: 2
Previous ooerating mode: RLUMN | ......... ;l
E!'P____? : Fead in and convert Setpoint Value
Save Az | Settings... | Open Block | l/
‘ BCD_|
Cloze I Update I Frint.... I L Y
Iz —{IN OUT}-#Setpoint_Value _
<l _>l_I
ﬂl [ 4w [m T:Emor A Zinfo A 3 Crossreferences A 4 Addressinfo. A 5 Mc
Press F1 ta get Help. & [T b <52 [MwS )
Y -
SIMATIC® S7 Date:  12.03.03 “" SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_11E.11 N Automation and Drives

Opening a Block

For so-called synchronous errors, that is, for errors that were triggered by a faulty
instruction in the user program, you can open the interrupted block by clicking on
the "Open Block" button.

If the STL language is selected, the cursor is positioned directly in front of the
instruction that caused the interruption. In LAD/FBD, the network causing the
interruption is displayed.

In the example shown, the value read in from thumbwheel button IW 2 is converted
from BCD to Integer. At the time of interruption, this was not a valid BCD number,
so that the value in accumulator 1 could not be converted from BCD to Integer. In

this case, the invalid BCD number can be found out by reading out the | stack (see
following pages).

The error occurred in FC 18, Network 5.

SITRAIN Training for
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Diagnostics with | Stack, B Stack, L Stack
D - [FC18 — SER¥2_3254Cha =[]
Program Structure BIOCk Contalnlng error nsert PLC Debug Miew Options window Help ;Iil
EREl - |Chapterd {Program structure} - 5ERU2_32' = |EI|1| 5'
= Reference Data Edit Wiew ‘Window Help == x] Dlﬁqlg“lm @I J{:llﬂj 'ﬂlﬂl t’?n‘:lﬁ IE
PR | Crrrera—, e e e = = P B
O NOF o
Startobjekt  [0B1 (0B_Cycle] =] - B
EBlock{symbaol), Instance DE(symbal) |L0cal da | Language |L0cati0n Hetwork 3 : Read and conwert SETP Number of Parts
=-] 57 Program L "IW_ECD™
E-0 0Bl (0B_Cycle) [maximum: 28] [22] BTI )
O FCis (FC_Operating_Modes) [zz21  LAD MW 1 ;up gsatp““—value
O FCi6 (FC_Conveyor) [22] LAD Hw 2
E-0 FCL7 (FC_Op|Flt_Mess) [25] L&D Ne 3 )
O FC20 (FC_Fault) [z2] L&D W 4 Hetwork 4 : Compare ACTUAL / SETPOINT Number of Parts
0O re20 (FB Faults), DE2 (DB Inskance: Fault2) [28] LAD Hw 5 L "DB_Parts".ACT Mumber of parts
B OR - N 5 L #ietpoint_WValue
»=I
NW 4 . . N
[24] L&D i 1 LEHD [
_g SETES?SBC;;:;:;;E”UDQ E;]Z] m: Display Actual Number of Parts
D ' L "I'[II_BED"_ . .
The B stack shows a list of the BT Point of interruption |
4 I _>| T #ietpoint Value
ooeeri | DlOCKS that were executed up R, wee g
——1 to the point of interruption.
L o
D= T < T
You canl stee the cprt1tents toftthe g messrieg YOU Can see the values of the
B LI, M5 Yislislten Sl Sl — | temporary variables at the
etc. at the time of interruption in the . : o
time of interruption in the L stack.
| stack.
SIMATIC® S7 Date:  12.03.03 ‘v‘ SITRAIN Training for
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Introduction

B Stack

| Stack

L Stack

File: PRO1_11E.12 Automation and Drives

For synchronous errors (OB 121, OB122) it may make sense, depending on the
circumstances, to display further information about the cause of the error or its
location using the stack contents (I stack, B stack, L stack). That way, you can
determine for example, which values were stored in the accumulators at the time
when the CPU went into STOP.

Blocks are often called several times in a user program. This means that the
information concerning the block number and the instruction causing the
interruption does not clearly indicate in which call chain the error occurred.

The B stack contains a list of all those blocks called whose execution at the time of
the transition to the STOP state were started but were not as yet completed.

The | stack contains the contents of the registers at the time of interruption:

» contents of the accumulators and address registers

» which data blocks are open

+ contents of the status word

e program execution level (such as OB 1 or OB 10)

» interrupted block specifying the network and the number of the instruction
* next block to be executed

The L stack contains the values of the temporary variables of the blocks. You need
some experience to evaluate this data however, since the contents are given in a
"Hex Dump" rather than in "plain language".

SITRAIN Training for
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@ Muodule Information - CPU 314 ‘

Contents of the B Stack

=0
& STOP

Path: ISE R2_3255\Chapterd

Status: #Ze Erar

Operating mode of the CPL:
Mot a force job

General | Diagriostic Buffer | Memany | Sean Cycle Time |
Time System I Performance Data I Communication Stacks
B Stack:
Block | Symbal | 1stDB | 2nd DB |
OBl OB_Cypcle

FCCaunt

| Stack... | L Stack... | [esting Stack... Open Block |
Cloze I Update | Frint... | Help |

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Stacks

B Stack

Open Block
Open Block,

SITRAIN Training for
Automation and Drives

Date:
File:

12.03.03
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In order to display the stack information, the CPU must be in the STOP mode
» because of a program error

» because of a programmed transition to the STOP state (per SFC)
» because a breakpoint is reached

The block stack (B stack) is a graphic representation of the call hierarchy, that is,
the sequence and nesting of the called blocks up to the point of interruption.

The B stack also contains a listing of all interrupt and error OBs as well as the open
DBs.

The program execution was interrupted in the block shown at the bottom of the list.

In the slide you can see that the interruption occurred in the block FC 18. When a
parameter-assignable block is called several times, the information, after which
block call the program execution was interrupted, is relevant for troubleshooting,
since the cause of the interruption can lie in the passing of faulty actual parameters
by the calling block.

To open the block online, you select the block in the B stack list and then click on
the "Open Block" button. You can then edit this block. The cursor is located in the
line that follows the interrupt causing instruction or, in LAD and FBD, the network is
marked in which the program execution was interrupted.

SITRAIN Training for

Automation and Drives

ST-7PRO1

Page 13 Troubleshooting



SIEMENS

Contents of the | Stack
I Stack: Register Contents in Priority Class {OB1) il
— Paoint of [ntermiption — Register \Yalues at the Paint of Intemuption
e s 1. 0B1 Reqister W alue Dizplay Format
ACCUT: 0000 11C7 -
Interrupted Block: FC1a
ACCL 2 Q000 qoo Hex hd
Open Block |
AL 3:
Continuatian in Black: FC 18
AEEL 4
— DB Selected
15t DB 2nd DE &ddr. Feg.1: 0.0 |f-‘~ddress v|
Mumber DB 18 Addr. Reg.2: 0.0 [ddess ]
Statuz BR |CC1 [CCOf O | 05| 0R [STA|RLO AFC
Size inBytez: 4 ‘wWord: oo 0|0 o|0| 0 110
Cloze I Prirt... Save As... Help |

SIMATIC® S7

Siemens AG 2003. All rights reserved.

| Stack

Register

Point of Interruption

Error Example

SITRAIN Training for
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File:
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The interrupt stack (I Stack) always refers to an execution level. Before you can
open the | Stack, the organization block concerned must be selected in the B Stack.

The contents of all relevant registers at the time of the interruption are displayed in
the | Stack screen:

Accumulators
You can select the numbers format for displaying the accumulator contents
in the "Display Format" list.

Address Reqister
You can select the numbers format for displaying the address register
contents in the "Display Format" list.

Status Word
Bits 0 to 7 of the status word are displayed. They are identified with
abbreviations according to their meaning.

The "Point of Interruption” field gives you information about:

the interrupted block, with the option of opening it directly (the cursor is then
located directly in front of the faulty instruction),

the priority class of the OB, whose execution level was interrupted,
open data blocks with their numbers and sizes.

For our example, you can see that the hexadecimal number 0000 11C7 is stored in
accumulator 1. This is not a valid BCD number and for this reason a conversion
error occurred during the conversion from BCD to Integer (BTI instruction).

This error occurred during the switching of the pushwheel button (mechanical
problem). To remedy this, you could make the programmed conversion of the
selected value dependent on the confirmation of the setting using a momentary-
contact swtich.
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Contents of the L Stack

Status: #74 Errar

Lﬂ Module Information - CPU 314

Path: ISE R'2_325\Chapterd

_||:||5||
Operal AfHhe CRI @ CTOE
P9 Stack: Local Data of FC18

General I Diagnostic Buffer I b LacalDataE R A -
hes [in hexad;ﬂm&h{mat].
Time System | Performance Data |
a - 1: CA FE
B Stack:
| Block | Symbol [IEE
0B OB_Cycle --

FC Count

Elos; I Prirat.... I Savehs...

Help |

/
| Etack... I I L Stack... l Mesting Stack... | Open Block |
/
Cloze | Update | Frint... | / Help |
Contents OF: 'En\-fonment'l,InterFace'l,TEMP'
Interface Marme ‘ Data Type  [Address |Comment
-0 IN =1 | Setpaint Int [ial
(-4 OUT =
-4 IN_OUT
ER
LB Sekpoint
-4k RETURM
nY -
SIMATIC® S7 Date:  12.03.03 “" f'TRA_'N T’ad'”[')”_g for
Siemens AG 2003. All rights reserved. File: PRO1_11E.15 - utomation and Drives

L Stack

Error Example

The current values of the temporary variables for blocks not ended at the time of
interruption are contained in the L Stack.

The blocks not yet ended when the CPU switched to the STOP mode are listed in
the block stack (B Stack). The local data displayed in the L Stack window refer to
the block selected in the B Stack.

In the example shown, the temporary variable #Setpoint is declared as integer in
the FC 18 block. Accordingly, it occupies two bytes in the L Stack.

In the declaration table of the FC 18 block, the relative initial address of the variable
in the L Stack is displayed in the column "Address".

The variable #Setpoint occupies the bytes 0 and 1 of the L Stack and has the value
CAFE -13570,,, as content.

Hex Dec

SITRAIN Training for

Automation and Drives

ST-7PRO1

Page 15 Troubleshooting



SIEMENS

Displaying the Hardware Diagnostics

HW Config - [My Station (Diagnastics)  FETModule Information - AlZx1zBit I =[O ]

Eﬂ] Station Edit Insert PLC  View Options Path: |SEH\-"2_32S\M}I StationCPU 314

Dl@l%”ln |€‘,‘|']| @I |E| j Status: #2# Error

Operating mode of the CPU; (% STOP

== (0] UR

General I Diagriostic Interupt [ \

Dezcription: Al2412Bit Suztem SIMATIC 300

FA{Medule Information - Alzx1zeit I

I [ 3

Version:  patty  [SEFVZ_325%My Station'CPU 314 Operating mode of the CPU: @ 9 [P

[] DIzzDC2dy

[] DO324DC24v/058

Status: #2# Emrar

General Diagnostic [nterupt |

Standard Diagnosiz of the Module:

Rack: External eror
Slok Faulty module
h | | O Mo external auxiliary voltage
:I:I o Wr Statusz:
Slotl Module Order hur
1 PS 307 B4 BEST 307-
2 CPU 314 BES7 314~ Channel-S pecific Diagrosis [Channel Mo. O to b asimun):
B Channel no. | Eror
4 DiF2aDCady BESV 321-
5 DO32:DC24/0. 54 BEST 322
5 D18/ 0824y /0,54 BESY 323 Close
7 A12:12Bit BESY 331- |_
Press F1 to get Help.

Help on selected diagnostic row:

Dizplay |

Cloze Update I Frint.... I Help |
® nYy .
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Diagnosing Hardware The function opens the station that can be accessed online and gives you information

Opening the Tool

about the status or operating mode of the modules. You can see that there is
diagnostic information for a module when you see the diagnostic symbols that indicate
the status of the associated module or the operating mode of the CPU. When you
double-click the symbol, a screen with further information pops up.

In the example shown, the analog input module (slot 7) has triggered a diagnostic
interrupt. As a result, the CPU has gone into the STOP mode. Both modules have
been given symbols accordingly. By double-clicking the CPU, you would see the
diagnostic buffer. By double-clicking the analog module, you would be given the
relevant diagnostic data. In the example, the external auxiliary voltage (supply
voltage) of the analog module has failed.

You can call the function as follows:

+ in the SIMATIC® Manager
- using PLC -> Diagnostic/Setting -> Hardware Diagnostics
- in the online view, with a double-click on the Hardware icon of the station

» in HWConfig, by opening the station using |%| online

Customizing Settings If you have selected the Options -> Customize -> View menu options in the SIMATIC®

Note

Manager and activated (checked) the "Display Quick View when Diagnosing
Hardware" checkbox, only a list of faulty modules will be displayed instead of the full
"Diagnosing Hardware" view.

You will find an actual application example on this test function in the Analog Value
Processing chapter.

SITRAIN Training for

Automation and Drives

ST-7PRO1

Page 16 Troubleshooting



SIEMENS

Exercise: Finding STOP Errors and Eliminating Them

Step What to Do Result
1 Perform a CPU memory reset and Your user program in the CPU is
switch the CPU to the STOP mode deleted
Cl?opy 7 257 program Srlrel 716 or | The hardware-independent S7 program
2 ERROR _32" from the project "Error "Error_16" ("Error_32") exists in your
as a hardware-independent program roiecE M AE CI L
into your project "My_Project" Proj y_Frol
Download the system data from the The hardware of the PLC is once again
3 Blocks folder that is assigned to the assigned parameters as before so that
CPU S7 program "My_Program" even the flashing clock memory is
into the CPU once again available
pealagd "f‘.” blocs frorlr] e The faulty program is downloaded and
S7 program "ERROR_16 !
4 ("ERROR_32") into the CPU and carry the CPU goes into the STOP mode
= after the complete restart
out a complete restart
Find and eliminate the errors that lead
5 to the Stop state. While doing so answer | The CPU remains in RUN
the questions below about the errors

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Task

What To Do

Note

SITRAIN Training for
Automation and Drives
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File: PRO1_11E.17 ‘=

The S7 program Error_16 (Error_32) that you copied, corresponds exactly to the
program that you developed so far in this course. It contains STOP errors that you
are to find and eliminate in this exercise so that the CPU remains in RUN after a
complete restart.

Please note that every time you make a STOP error correction, you have to carry
out a complete restart of the CPU. If the CPU again goes into the STOP state after
a complete restart then another STOP error still exists.

* Proceed as indicated in the slide

» Asyou correct the errors, answer the following questions on the occurring
errors:

- lst. Error: Interruption in FC 18:
Even if it is not relevant for troubleshooting at this point:

Which value does the L STACK show for the tempory variable #Setpoint
at the time of interruption:

- 3rd. (last) Error: Interruption in FC 20:
From the B STACK, determine which block calls the FC 20 with the faulty
actual address:

calling bIOCK: ....vvvveeiiiie e

In addition to the errors (STOP errors) recognized by the system, the program also
contains functional errors (RUN errors), so that the correct program function still
doesn't exist even after the STOP errors have been eliminated. The RUN errrors
will be eliminated in the following exercises.
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Calling the "Monitor/Modify Variables" Tool

FEFLAD/STL/FBD - [FC10 - My_Project\My_Station\CPU i8]
File Edit Insert | PLC  Wiew Options ‘Window Help i} File Edit Insert | pLC Debug Wiew Options ‘Window Help - |5|1|
Access Rights 3 | I—< Dlﬁlgqlnl é Download. Chrl+L i
Download - = Seleck Online CRUL..,
gl | | !| I ?l
Compile &nd Download Objects _I i ED | CPU Messages... k
Upload Display Force Yalues Crl+alt+F -
Upload Station FCL& : Title: Monitor/Modify Variables
Copy RAMEtoROM... | e .
Download user program o memary card ?f?'.‘??.‘i‘i.} Z&h. podule Information... Ctrl+D
Operating Mode. .. Crl+I
Save ko Memory Card., | l
i 4.1 earfReset, .. G
Retrieve from Memory Card... |/ it T B o~
[Mamage M7 Systenm. ..
"L_Act=3ET" "T_PE4™ o0=IN
Display Accessible Modes I I I I
CPU Messages. .. ‘
Display Force Yalues vI
Monitor/Modify Yariables LI_I 4
Diagnostic/Setting [ af 4> M, 1:Emor A Zinfo A 3 CrosseSEnces A 4: Address info. A B
3[ ¥ar - [¥ariable tablel ONLINE Bk [ 4
Y3 Table Edit Insert PLC varishle View Options ‘Window Help &=

= £IE LA

| DIl 8] #[Blefo]| x| [ & 5| Dlar|o| s[4 w]

Address Swrmbal Symbal comment Display Format Skatus walue
1|0 42 UL kAAN anual Made of Operation Light BOOL
) 2|0 43 UL_AUTO" Automatic Mode of Operation Light BOOL
Displays selecl g
—_ 3l 02 "T_Jlog_RT":Jog Conveyor Right. Momentary Contact: BOOL
411 03 "T_Jog LT" ‘Jog Corweyor Left, Momentary Contact | BOOL
5|0 85 "K_RAT" Riun Conveypar Right BOOL
6|0 B8R UE_LT" Fiun Corveepor Left BOOL
7w 2 "I _BCD"  :BCD Push Buttons - Input Y ord HE* -
. | -

My _ProjectiMy_Skation <> [RUR labs <52 | v
N/
SIMATIC® S7 Date:  12.03.03 “ SITRAIN Training for
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Area of Use

Design of the
Variable Table

Saving the
Variable Table

Note

The Variable Address Table (VAT) is used to view (monitor) and change (modify) a
CPU memory area's address value in a defined format. The "Monitor/Modify
Variables" function is started from the SIMATIC® Manager or from the
LAD/STL/FBD Editor.

The variables you choose are entered in a VAriable Table (VAT). With the
exception of block-local, temporary variables, you can monitor and/or modify all
variables or addresses.

You can select the columns of the variable table displayed in the View menu. The
columns have the following meanings:

* Address: absolute address of the variable.
» Symbol: symbolic name of the variable
* Symbol comment: comment on the variable displayed

» Display format: a data format you can choose per mouse click (such as
binary or decimal), in which the contents of the variable is displayed

» Status value: value of the variable in the selected status format
» Modify value: value to be assigned to the variable

You can use Table -> Save or Table -> Save as... to save a variable table.

The first time a variable table is saved, the Save As... dialog window opens. The
Save as ... window allows the user to select the Blocks folder that the variable table
will be stored in. This Storage path does not default to the Project/Program which
the user may have currently open.

You can give the variable table any name you choose. The name is inserted as the
symbolic name in the symbol table.

You can reuse saved variable tables for monitoring and modifying, making it
unnecessary to re-enter the variables.

To check the input and output wiring (regardless of the user program), you can also
call the Monitor/Modify Variables tool (VAT) directly from the HWConfig tool (see
the HWConfig chapter).
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Establishing Trigger Points for "Monitor/Modify Variable"
—»| Pl
A" | 1A
Trigger point | l 4
"Beginning of Scan Cycle"
Set Monitor / Modify Update Status / Modify
Tri e depending on Values (one time
rigger Trigger setting monitor / modify)
N\ |
CyC”C r— Trigger Paint for Monitoring r— Trigger Condition for Monitaring ——
progra;rn {+ Beginning of scan cycle " Once
gaecution C) Trigger point ™ End of scan cycle & Even cycle
"Transition to STOP" | ¢ Transition ta STORP
— Trigger Point for Maodifying — Trigger Condition for Modifying——
" Beginning of scan cycle " Once
Trigger point * End of scan cycle & Every cycle
"End of Scan Cycle" " Transition to STOP
Pl
< 52 || [k
SIMATIC® S7 Date:  12.03.03 ‘bv‘ SITRAIN Training for
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Trigger Points

5]

You can establish the trigger points for Monitoring and Modifying using Variable ->
Set Trigger... or by using the icon shown here on the left.

The "Trigger Point for Monitoring" specifies when the values of the variables being

monitored on the screen are to be updated. The "Trigger Point for Modifying"
specifies when the given modify values are to be assigned to the variables being
modified.

Trigger Condition

The "Trigger Condition for Monitoring" specifies whether the values are to be

updated on the screen once when the trigger point is reached or every cycle (when
the trigger point is reached).

The "Trigger Condition for Modifying" specifies whether the given modify values are
to be assigned to the variables being modified once or every cycle (every time the
trigger point is reached).

Area of Use

The following tests, among others, can be implemented with the appropriate

selection of trigger points and conditions:

Wiring test of the inputs: (also possible in HW Config)
> Monitor Variable
Trigger point: Beginning of Scan Cycle, Trigger condition: Every Cycle

Simulate input states (user specified, independent of process):
> Modify Variable
Trigger point: Beginning of Scan cycle, Trigger condition: Every Cycle

Differentiation between hardware / software errors

(an actuator that should be activated in the process is not controlled)
> Monitor Variable, in order to monitor the relevant output

Trigger point: End of Scan Cycle, Trigger condition: Every Cycle
(output state = "1 > program logic OK > process error (hardware)
(output state = “0” > program logic error (such as double assignment)

Control Outpus (independent of the program logic)
> Modify Variable
Tigger point: End of Scan Cycle, Trigger condition: Every Cycle
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IJSIMATIC Manager - [My_Project — D:\57_ProjekteiMy_Proj _ 1ol =|
@ Fle Edt Insert PLC Wiew Options ‘Wwindow Help _|ﬂ|£|
D= 87| &=l sl [= %) =) B[] B[ ore> i2)]
% y_Project System data 3 OB1 3 0EB35
=] y_Station 3 OB100 4 FB20
=-[8 cPuU 314 4= FC1 o FC15
-0 My_Program o FC16 o Foie
- Sources o FC20 &3FCI05
gy Blocks 4 DB2 — R
W2 (/0 Conveyor Var—[W\Tl - My_ProjectiMy_StationCPU 3143 My_Program ONLINE] _|E| il
= ﬂﬁ Table Edit Insert | PLC Mariable View Options ‘Window Help = x|
1 e = Connectto »| * Configured CPU E
—I QIEIEI é Disconnect Chrl+U Direct CPU Chrl+G -
,-'; Address | Symbol
Press F1 to get Help. 1 T a0 L Man  PUMessagss... Accessible CPU... Chrl+E
2 0 43" AUTD madule Information... CE+D 1 7217 _sicher_0304\Maschine_21CPL 315-2 DPimein_programm
3002 T doal gperating Mode,. it 2 Halle_g8|Platz2\CPLl 314457-Programm(7)
4] 103 T Jon T MOTOMWEPOITECIOMEMETT 5 ke pA\Koffer\CRL 314|Mein_Programm
5| .0 83" AT RunCanveyor Right 4 7z L6kalyechts\CPU 31457-Programm(z)
6 0 BAIE_LT Run Conveyor Left jaluin) o
7 I 2 "W BCD" :BCD Push Buttons - Input Wword HE=
i
Sets up the connection ko the CPU according to the configuration. <i> [RUN labs =52 | v
o e Accessible CPUs ___
N |
v Configured v v
—
Directly Stati CPU : -
tation 1 Station 2 Station 3
connected (VAT from
CPU HW Station
" Station 2")
SIMATIC® S7 Date:  12.03.03 5" SITRAIN Training for
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Area of Use

Configured CPU

=

Direct CPU

Accessible CPU

You can double-click to reopen variable tables that are stored in a Blocks folder of
an S7 program at a later time for test purposes.

However, before you can activate the "Monitor" and "Modify" functions, an online
connection to a CPU has to be established.

Using the menu commands PLC -> Connect to . . . provides three connection
choices: Configured CPU, Direct CPU and Accessible CPU. There are toolbar icons
for connecting to the Configured CPU or Direct CPU.

If the variable table is stored in the Blocks folder of a hardware-dependent S7
program (assigned to a CPU in the project view), a connection to the station with
the MPI address is established. This station was also assigned to the higher-level
CPU with the help of the HW Config tool.

If the variable table is stored in the Blocks folder of a hardware-independent S7
program folder (assigned directly to the project root in the project view), the MPI
address of the hardware-independent S7 program can be established using the
Properties dialog of the program folder while in the online view of the SIMATIC®
Manager.

This menu command establishes an online connection between the active variable
table and the CPU to which the MPI cable from the PG/PC to the programmable
controller is connected. The PG can determine to which PLC it is connected through
the MPI cable.

This menu command establishes an online connection between the active variable
table and a CPU that you select. If the user program is already linked to a CPU, this
menu command can be used to change the CPU.

Select a CPU to which you want to establish an online connection in the dialog box.
You can choose between configured and accessible CPUs.
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. . . n . n

Testing (Debugging) Blocks using "Monitor" (Block Status)

n@Ftl ——My_Project'My_Station'CPU 314 DNLIHE: o [ 4
-
FCl : Exercise: Open and Edit FC 1
:liél;f@:r:ls‘:i. Simple Logic Operation
"T_System 0N "T_%ystem OFF™ "L_Systen”
n@Ftl ——My_Project'My_Station'CPU 314 DNLIHE: o [ 4
| =
FCl : Exercise: Open and Edit FC 1
:liél;f@:r:ls‘:i. Simple Logic Operation
1 &
"T_System ON™ "L System”
0 =
"T_System OFF"--
n@Ftl ——My_Project'My_Station'CPU 314 DNLIHE: o [ 4
iI |
«|[RLo| sTa | sTANDARD |
FC1l : Exercise: Open and Edit FC 1
:!!‘él;fw!‘:';::lg:i. Simple Logic Operation

E "T_System ON™ 1 1 0

4 "T_System OFF™ 1 1] 1]

= "L_3ysten” 1 1 0

-
| 3 | I &
SIMATIC® S7 Date:  12.03.03 ‘bv‘ SITRAIN Training for
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Area of Use

Monitor

2

Notes

The Monitor Block test function is used to be able to follow the program execution
within a block. For this, the states or contents of the addresses used in the block at
the time of program execution are displayed on the screen.

You can activate the "Monitor" ("Block Status") test mode for the block which is
currently open in the LAD/STL/FBD Editor by clicking the Glasses icon or by
selecting Debug -> Monitor.

At the beginning of the test function, it is insignificant whether the block to be
monitored is opened online or offline in the Editor. Should, however, the block
opened offline not concur with the block saved online in the CPU, you first either
have to open the block saved online or load the block opened offline into the CPU
and then monitor it .

In the test mode, the states of the addresses and LAD / FBD elements are
displayed in different colors. You define these by selecting the menu option
Options -> Customize:

Examples:
» Status fulfilled -> "Element is displayed in green"
» Status not fulfilled -> "Element is displayed in blue"

The Status display is only active when the CPU is in RUN mode and the
instructions to be monitored are being processed!
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Customize

Information Displayed with "Block Debug > Monitor"

LAD/STL/EBD Editor -> Options ->Customize

Generall Wiew  STL |LAD.-"FBD| Block I Sourcesl Source text

r— Display of the Status Field:

¥ Status Bit
¥ Result of Logic Dperation

¥ Diefault Status

[ Address Register 1

™ Address Register 2

[T Accurulator 2

... Or
in running status:
x| right mouse click
on
—
—
" DE Register 1
" DE Register 2
[ Indiect
[T Status word
Ewél LAD/STL/FBD - |@FE1 -- My Prl:liel:l:\Mr Sl:al:ian\l:PU 314 ONLINE] = Il:llil
i} File Edit Insert PLC Debug Wiew Options Window Help — |ﬁ'|i|

D(e~u| S »[ml@] o cildal [

[T Activate New Braakpoints Immediately W Elzll El@ El -H-I-M-I-()IIL) | Jl]_[l EI

) «|[rLo] sTa| sTAWDARD |
m: Calculation

L 200 1] 1] 200 .

L 300 0 0 300 Address Reg?ster 1

+I o | e 500 Dividing Lines Address Register 2

L 400 0 0 a0 |———= i

+I 1] 1] 900 DB Register 1
DB Register 2

-
il_l _'|—I Indireck

Status Word

_ﬂ| |44 m[ml T:Emar A Zinfo A 3 Crossreferences A 4 Addessinfo. AT 5 Modly ]
Adds the column For displaying accurnulator 2 to the re <> RN |bs <52 |Mw2 Ln2 Rd  [Chg )
L/ -
SIMATIC® S7 Date:  12.03.03 “" SITRAIN Training for
File: PRO1_11E.22 L1 Automation and Drives

Siemens AG 2003. All rights reserved.

Selecting Information When you monitor blocks in the STL language, you can select which information is
to be displayed on the screen. By default, the RLO, STATUS and STANDARD
(Accumulator 1) information is displayed.

Displayable
Information

Display Format

You can select which information is to be preset or displayed by default using
the menu options Options > Customize > STL.

While the test function is running, you can, at any time, show or hide information
that is to be displayed in the table by using the right mouse button.

RLO: Result of logic operation

STAT: Status of the (binary) address

Default (Accumulator 1): Contents of Accumulator 1

Accumulator 2: Contents of Accumulator 2

AR1: Address register 1, only meaningful with register indirect addressing
AR2: Address register 2, only meaningful with register indirect addressing

DB Register 1: Number of the global or 1st. DB, that is just open

DB Register 2: Number of the local or 2nd. DB or instance DB, that is just open

Indirect: Contents of MD..., DBD... or LD..., which is used in memory indirect
addressing (such as the instruction L IW [MD 100] ).

Status Word: States of the Status Bits (OV, OS, BR, ......... )

You can select the data format (decimal, hexadecimal, .....), in which the register
contents are to be displayed using the right mouse button. For this, click on the
Register column with the right mouse button and select the data format.
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=10l ]
=181
~ IManitor Chrl+F7
=S | 4~
_|_|L|EI S —c“ IManitar Selected Range
Ilﬁ’cf‘ !<<|>>! | DI@ Call Enwironment...,
. D x|
FCl : Exercise: Ope Modify Address,
........... i ' ’
Hetwork 1: Simple I HD:? i::ress :0? Fracess Operation
"""""" aallty AOaress o — — Permitted increase in
A I 0 zcan cycle time from test functions: I 5 me
AN I w Conkrol At Contact 0
= 0 0
Siet Breakpoint Chrel+H % Test Dperation ee—
Delete Al Breakpaints Chr|+Shifit+H
Breakpaints Ackive F4
Show Mest Breakpoint tode iz azsigned as property parafeter of the
Resunme Chrl+-F6 .
Execute Mext Statement Chrl+F v v Eeree] Help
Hetwork 2 : Caloulat  Execibe Call Chrl+F12
L 0 1] 0 0 |
T M 20 0 0 L] ] L] 0
wl0l: L huli) z0 0 0 L] I} 1] 1]
L 1 1] 1] 1 1 1 9
+I 0 0 1 1 1 1
T mr 20 1] 1] 1 1 1 10
L 10 0 0 10 1 1 10
<I 1 1 10 1 1 10
JC w00l - 1 1 10 ] L] 10
4 I I » 1 1 10
_ﬁ| [ 4 m[ml T:Emor A Znfo A 3 Crossreferences A 4 Addessinfo. A 5 Modiy A B Diagno
The statements are not being processed. EOETLT |abs <52 [Mwl Lné Rd  [Chg 7
Y -
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Test Modes

Setting

Test Operation

Process Operation

There are two modes of operation for the test mode, which differ in their effect on
the scan cycle time of the user program:

» Test Operation (in the LAD/STL/FBD Editor) Test Mode (in HW Config)

» Process Operation (in the LAD/STL/FBD Editor) Process Mode (in HW
Config)

For most CPUs, you make the setting for process or test operation when you assign
the CPU parameters using HW Config:
CPU -> Protection -> Process Mode /Test Mode

For the older CPUs, the setting can be made in the STL/LAD/FBD Editor directly
using Debug -> Operation -> Process operation/Test operation.

In test operation, all test functions can be performed without restrictions. The status
of programmed loops is determined every time they are executed.

The scan cycle time can be increased considerably due to the updating of the test
function Program Status and thus trigger a CPU STOP because of scan time
overrun.

In process operation, the test functions are restricted in such a way that the
permissible scan cycle time increase that you select in the CPU parameter
assignment is not exceeded. As well, the status (Accumulator 1, Accumulator 2
etc.) of programmed loops is only displayed for the first execution in process
operation.

The following expanded test functions can also not be selected in process
operation:

» Breakpoint (STL Editor: Debug -> Set Breakpoint, etc.):
stops the program execution at a specific location (breakpoint) and then
continues with the execution (e.g. instruction by instruction, in order to test the
individual executions of program loops) on the user's initiative.

» Trigger Points for monitor block:
Monitoring a particular block call of blocks that are called several times in the
user program.
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Call Environment of the Block x| Call Environment of the Block E x|
r— Trigger Condition: r— Trigger Condition:
v Callllp Path I~ with Address [ Calllp Path I~ with Address
=0 Foag =0 Feiz
E| |:||:| FCaD =0 Foso
[0 oB1 -0 0Bl
=- ll:l FC70
o0 ostL
5 %0
L0 Bt
ERef [My_Program {Program structure" _IEI ﬂ
E Reference Data  Edit  Wiew  ‘Window He\p _IE' il [¥ OpenData Blacks I [l 3
_I _I aal.l T Cl)lng ‘ Call structure - na filker |EI i =18(x|
= Shared DB Number I Filter EI &
Stattabiskt: |01 =l ' =
Instance DB Mumber |7| _;I
| | Blockisymbal), Instance DE(symbal) | Local da | Language | Laocation | Lacal d:
_ B3 7 Program e | Location | Lacal de
E-0 ©0B1 [maximum: 28] [22] [22]
|: =-0 Fcoso [25] L&D MW 1 [6] Cancel Help | — E]Z]
L O FB1Z, DE6 [28] LAD W 1 (0]
[J Foiz, O 1 [0]
O Feiz, 0B7 [28] LAD N 2 [0 5
O FBiz, DB [28] LAD N 3 [0] 3]
=-0 FCeo [24] LAD Hw 2 (2] [24] LAD Hw 2 [2
O Fcee [24] LAD Nw 1 [0] [24] LAD W 1 [0]
=-0 Fc7o [26] LAD N 2 2 [26]  LAD ooz [2]
1 1] 0O rFoow [28] LaD Nw 1 [o]
E-0 FC7o [24] LAD Nw 3 [2] [24] LAD M 3 [2
O Fcas [24] L&D e 1 [0] 241 LaD W1 0]
T — 2 iz
Press F1 to get Help. ,_,_NUI\"I ,— y Press Fi to get Help. MLIM v
® ‘V
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Area of Use

Call-Up Path

Open Data Blocks

Notes

In order to monitor a parameter-assignable block (FCs, FBs) that is called several
times in the user program and is executed each time with a different actual
parameter, you can use the menu option Debug -> Call Environment. With Call
Environment, you can specify which call or which execution of the block is to be
monitored.

If the block to be monitored is already open in the LAD/FBD/STL Editor, you have
two ways of triggering a specific call or of defining a call environment for monitoring
the block: Call-up Path and Open Data Block.

By using Call-up Path (triggering using B STACK), you can specify the path through
the program structure up to the block that is to be monitored. The Call-up Path can

have up to three nesting depths or up to three blocks. Thus, the 3rd. block calls the

block to be monitored (status block), the 2nd. block calls the 3rd. etc.

Example (in the slide on the left hand side):

FC 99 (status block) is to be monitored when it is called from FC 70 (3rd. Block)
AND FC 70 is called from FC 60 (2nd. Block).

With the trigger condition Open Data Blocks, you can specify that a block is to be
monitored when at it's call a particular data block is valid or open. For this you can
trigger using the Global DB Number (DB Register 1) or the Instance DB Number
(DB Register 2).

Example (in the slide on the right hand side):

FB 12 (status block, not visible in the slide) is to be monitored when it is called with
Instance data block DB 7.

» Test Mode (Operation) must be selected

» The block call that is the first to fulfill the given trigger condition is always the
block call that is "monitored".
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Trigger Conditions for Block Monitoring (2)

Ew;l LAD/STL/FBD - [@FC80 -- My_ProjectiMy_Program ONLINE 1

{3} File Edit Insert PLC Debug ‘iew Options ‘Window Help

=10l
=18]x]|

Dlelz-{e| &) 4[mle] ol clul[=

[or <] DIE 22 AHIH-0lms | =] W

FC8O : Title:

| - FN

#3etpointll —Valuel Awerage lfﬂmeragell

#5etpointlz —Falued

Hetwork 1: lst Call of FC 939

FCog |
ENO

[ [LAD/STL/FBD - [@FC99 — My_ProjectyMy_Program OMLINE] _[of x|
{F File Edit Insert PLC Debug ‘iew Options ‘Window Help _|E' il
i 2nd Call of FC 99
ke D|(s-[E] @ £ (=@ ]| ol [=
& 1] D ) el ol we
| — DS k2] AHA-olmHs [ =] %
EN il Ca Open fal}
Mznitor ﬂ RLO| STA| STANDARD
$5etpointzl (¥aluel  Avers O ik ith all-Up Path
Copy Chrl+C
—Value2
#3etpointi2 Delste Del z L #Valuel L] 67
ITD L] 0 67
Inserk Empty Box Alb+F9 DTR M 0 13cennon
Hetwwork 3: 3rd Call of FC 99 GoTo » L #Waluel L] 0 89
Edit Symbols,,,  Alt+Return I o 0 9
ITR L] 0 43090000
FC39 | /R L] 0 3E407797
[ END ’7 T #hverage [ 36407797
#3etpoint3l —¥aluel Average —ghverage3l
-
#5etpoint3z —=¥alue2 LI_I _’IJ
zill Al mm 1Emor A Zinfo A 3 Crossieferences A 4 Addiess info.
&
5_|‘||4|4| MM TEwmor A 2Zinfo A 3 Crossieferences A 4 Addiessinfo. A 5 Modify A Press Fl ta get Help. <i> RN Abs <52 7
T T
Sets this call as the call condition for the program status, o <> O labs <52 [Mwz Rd Al
® Y .
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Area of Use

What To Do:

Notes

In the example shown, FC 99 is called three times in FC 80. That is, the call-up path
for all three FC 99 calls is the same. Accordingly, it is not possible to specifically call
one of the FC 99 calls by defining a call-up path as trigger condition. A triggering
using Open Data Blocks is also not possible since neither a global nor an instance
DB is relevant with the FC 99 calls shown.

For the specific monitoring of an FC call, proceed as follows:

* Open online the block (in the example FC 80) that calls the block to be
monitored (in the example FC 99) (not the block that is to be monitored !)

» With the right mouse button, click on the call of the block to be monitored (Call
Box in LAD/FBD or Call Line in STL)

» In the dialog box that appears, select
Called Block > Monitor with Call-Up Path

The block to be monitored (in the example the FC 99) is then opened online and the
test function Monitor Block is activated.

The function described is possible on all S7-400™s. For the S7-300™, it will only
be available starting from the compact versions (delivery after October 2001).
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0|z 23)a| & [E=|e

% My_Project
-l Mwv_Statian
yp_Station[1)
= cru g
=-{z1] My_Pragram
(@ Sources

&9 File Edt Insert PLC View | Options Window Help

Displaying Reference Data

KJSIMATIC Manager - [My_Project -- D:\57_ProjekteMy_Proje]

_|olx
_18 %]

Customize... Chrl+Al+E o Filter » j vﬂl %lgl %lglml Y

Text libraries 2 . 0B100 o 0811

Display language. .. 5 FC1E o FC17

Manage Multiingual Texts 3 L FCI05 = DE2

Rewiring. ..

Run-Time Properties. ..

Compare Blacks. ..

Reference Data Display  CHl+AE+HR

Define Global Data

Configure Network

Generate
Simulate Madules

Delete

Configure Process Monitoring Display 57 reference data.

Wiew o Be Opened

& Crozsreferences
& Agsigrment [Input, Outpot, Bit Memany, Timers, Counters)

™ Program Shochure

Set PGIPC Interface. Should the reference data be ...

o |pdated?

™ regenerated?

" Urused Symbals Yes No Cancel | Help
chaws current refer " Addresses without Symbol ) ﬁl
. . . .. <
[V Display thiz message every time a projsct is opened. \,—
Hep |
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Area of Use

Reference Data
...Generate
...Display

...Filter

For extensive programs, it is particularly necessary when troubleshooting to have
an overview of where which address is scanned or assigned, which inputs and
outputs are actually used, or how the entire user program is generally structured
with regards to the call hierarchy.

The "Reference Data" tool gives you an overview of the structure of the user
program as well as the addresses used. The reference data are generated from the
user program saved offline.

For functional errors, that can be traced back to logical program errors for example
(such as double assignment), you will find the "Program Status" tool together with
the "Reference Data" tool useful.

If, for example, a logic operation is not fulfilled because a memory bit is not set, you
can use the "Reference data" to determine where this memory bit is assigned.

You can trigger the generating and displaying of reference data in the SIMATIC®
Manager (when the "Blocks" folder is selected offline) or in the LAD/STL/FBD Editor
using Options -> Reference Data -> Display or >Filter and Display.

The reference data consist of various lists (see Customize in the slide) that are
displayed as filtered data (individually), (regardless of whether the item Display or
Filter and Display was selected in the Options menu). When you select Display
Reference Data, you can choose in the Customize dialog which list is to be
displayed first. Then you can choose any of the different lists.
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Displaying the Program Structure

ER&I’ - [My_Program (Program structure) - Mr_PrD]'El:I:"'.,MyEEEE o [ 4
E= Reference Data  Edit View ‘Window Help ==l
D”'l %l %lIE_E (Cl)lngl |Call structure - no filter T ﬁl k"l ‘
Startobjekt  |DB1 (0B_Cyck) |
Blockisyrbal), Instance DE(symbol) | Lacal da | L e x|
E-0 061 (0B_Cyele) [maximum: 28] [22] Cross-references | Assignment  Program Structure | Unused Symbols
0O FCi5(FC_Operating_Modes) [22] La
0O FCi6 {FC_Conveyor) [2z] La ¥ Dizplay absolutely and symbolically
=E-0 FC17 (FC_OpjFlt_Mess) [28] Lo
O FCz0 (FC_Fault) [za] La [ Sha
O FB20 (FE_Faults), DE2 (DB_Instance_Faultz) [25] L& " Call structure " Dependency stucture
O Fe20(FB_Faults), DB3 (DB _Inskance_Fault3) [28] La W Multiple Cals
=-0 FC18 (FC_Count) [24] Lo
£ DEL8 (DE_Parts) [24] L& [ Block language
-0 ©B35 (0B_Cyelic_Interrupt) [42] ¥ Locations of use
o EBIEEI(?Z)EI;(F;{CA;E) ES]ZJ L ¥ emary required for local data
_~Lartup, in bytes
O ©B121 (0B_Prog_ERR) [o] 7 .
g Frl [D] raximurm
7 I I " in path
v for black
Press F1 ta get Help. e szl
[ Save as default setting Load Default Setting |
fbbrechen | Hile
Y -
SIMATIC® S7 Date:  12.03.03 “" SITRAIN Training for
. . File: PRO1_11E.27 L1 Automation and Drives
Siemens AG 2003. All rights reserved.

Program Structure  The program structure describes the call hierarchy of the blocks in an S7 user

program.

Filter Depending on the settings of the filter, the program paths are displayed in a Tree
structure or as "Parent/child structure" (in each case the calling and the called block
are displayed).

Symbols The following symbols are possible only in the tree structure display:

< maximum : nnn > « the maximum memory requirement (in bytes) of the local data is given in the
root of the tree structure.

per path, the maximum memory requirement (in bytes) of the local data is
stated at the last block of every program path.

[nnn]

Symbol Meaning

Block called narmally (CALL FB10)
Block called conditionally (CC FB10)
Block called unconditionally (UC FBE10)
Data block (CALL DE1O, L DE10.DEWD)
Recursion

Fecursion and called conditionally

Recursion and called unconditionally

eSS0 DHBO

Block not called

SITRAIN Training for ST-7PRO1
Automation and Drives Page 27 Troubleshooting



SIEMENS

Displaying Cross References
ER&I’ - [My_Program {Cross-references) -- My_Project'My_Station{1)\CPU 314] P ] 4
lﬂa Reference Data  Edit Wiew ‘Window Help =&l
= 8| e Bl E|e)|"g [Fiteed 1% o] x| ‘
Address (symbal) 4 Elock (symbal) Twp | Languag | Location Location =
10,0 {T_System_Om) FC1S (FC_Operating_Maodes)  |R LAD Hw 1 R
10.1 {T_System_OFF) FC1S (FC_Operating_Maodes)  |R LAD Hw 1 SBH
I10.2(T_Jog_RT) FC16 (FC_Conveyor) R LAD N 1 i Nl 2 AN
I0.3(T_Jog LT} FC16 (FC_Conveyor) R LAD Nl 1 Pl N 2 ri
= I0.4(5_MiA_ModeSelect)  |FC1S (FC_Operating_Modes)  |R LAD Hw 2 AN N 2 i
W 3 i MW 3 JON
I0.5(T_Mja_Accept) FC15 (FC_Operating_Modes)  |R LAD MW 2 A M 3 A
=l 10,6 (5_Weight/Number)  |FC18 (FC_Count) R [LaD W 5 SN
QB35 (0B _Cyolic_Interrupk) R LAD Hw - A
I0.7 {T_Cony_Rst) FC1S (FC_Operating_Maodes)  |R LAD Hw 4 R
1.0 (T_Fault_Rst) FC17 (FC_OpiFlE_Mess) R [LAD N 4 /i HW 5 in
I1.1 {5 Fauli) FC17 (FC_OpfFlt_Mess) R LAD N 4 r
I1.2{5_Faultz) FC17 (FC_OpfFlt_Mess) R LAD N 5 i e
I1.3(5_Faulc3) FC17 (FC_OpfFlk_Mess) R LAD Nl & r
I18.00LE) FC16 (FC_Canveyor) R LAaD N 3 P Nl 4 A
8.3 (T_PE3) FC17 (FC_OpfFlt_Mess) R [LaD W 3 i
8.4 (T_PE4) FC18 (FC_Count) R [LaD W 1 i
[8.5 (BAY1) FC16 (FC_Conveyor) R [LaD MW 4 i MW 4 SBN
18.6 (BAYZ) FC16 (FC_Conveyar) R [LAD N 4 I H 4 FAN
18.7 (BAY3) FC16 (FC_Conveyar) R |LAD N 3 )
I 2 (Iw_BCD) FC15 (FC_Count) R [LAD N 3 /L
M 10,3 (2_Hz) FC17 (FC_OpfFlt_Mess) R LAD N 1 r N 2 A
M 10,51 _Hz) FC17 (FC_OpfFlt_Mess) R LAD N 1 i Nl 2 A
M 16,0 {M_LE_Edge{FC16a}) |FC16 (FC_Conveyar) W LAD Nl 4 /FP
M 16,1 (M_Jog_left) FC16 (FC_Conveyar) R LAD Hw 3 P LI
X R AE DM Tmm vimkk Crie fET ¢ mmimi me 3 n LA (AN c [{a)
Press F1 ko get Help, l_ W l_ 5
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Area of Use
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Cross Reference of

Date: 12.03.03
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The Cross References (list) gives you information about how which addresses are
used in which blocks (with which instruction). Thus, you can find out, for example,
where in the entire user program a memory bit is (double) assigned. You open the
cross references with View -> Cross References or by clicking the icon you see
here on the left.

You can display the cross references for all inputs, outputs, bit memories, timers,
counters, blocks (except OBs), peripheral inputs and outputs.

When you select an address in the cross reference list, you can open a new window

Individual Addresses using the right mouse button and View -> Cross Reference for Address. This

Structure

window contains only the cross references for this one address.

The cross references list is structured as a table. This list has the following
columns:

* Address:  absolute address of the operand

e Symbol: symbolic name of the address

* Block: block in which the address is used

* Type: read-only (R) or write-only (W) access

» Language: programming language in which the block was created
* Details: instruction which uses the address
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Filter reference data x|
Crags-references |Assignment| Frogram Structurel Unused Symbolsl
— Show objects o .
t .
[ &l e Ig _?.L-I"tn;?[.. ¥ Display absolutely and
x=.ar.{y] ’ symbolically
™ Inputs I
o P Sort according to access type
v .
Outputs 4-20; & 1Al
I Eit Memory I " 2 Selection: [ 3w/
I~ Counters I : = e
I Timers I_ ER&I’ - [My_Program {Cross-references) -- My_Project My _Station{l o [ 4
lﬂa Reference Data Edit  Wiew ‘Window Help =0 |
I~ DBs I ~ = Mol [
e =& 8| [k BE[o)]"S] [Freed 1% af 2| ‘
3
o —— | Address (symbal) Block {symbal) Typ | Languag | Location Location 1=
3
0 4.1 (L_SYSTEM) FC15 (FC_Operating_Modes)  |[R |LAD T 2 SON N 3 JOM
[ SFBs, SFCs | Q4.2 (L_MAN) FC15 (FC_Cperating_Modes)  |w  [LAD M 2 /R N z /s
[ Peripheral inputs I_ — e L_AUTO) FC15 (FC_Operating_Modesy W |L&D i 3 AR Hw 3 /s
o FC16 (FC_Canveyar) R [LaD [T 3 SON MW 4 /oM
eripheral outputs| FC17 (FC_Op/Fit_Mess) R LD W 1 A MW 2 A
. N 3 A
[T Save as default setting FC18 (FC_Court) R LAD ™ P A
U ® Q4.5 (L_Man_Rest) FC1S (FC_Operating_Maodes)  |W  |LAD Ml 4 /R S
| QK. I Q4.6 {L_Aut_Rest) FC1S (FC_Operating_Maodesy  |W  |[LAD Ml 4 /R
5.1 {L_Faultl FC17 (FC_Op/Flt_Mess W |LAD MW 4 Al L
% I I
Q5.2 (L_Faultz) FC17 (FC_Op|Flt_Mess) W |LAD MW 5 e
0 5.3 (L_Fault3) FC17 (FC_Op|Flt_Mess) W |LAD MW & JCALL
MR RAVDY Fr17 (Fr OniFlk Macc! Wi l1an [y 1 J= | bl
4 »
Data will be displayed as filkered. UM 5
nY .
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Filtering Cross
References

You can also use the Filter function to display individual addresses or address
areas separately. You access the Filter reference data dialog through the View

menu.
The entries in the Filter Dialog have the following meaning:

Objects
You determine which address type is to be listed by activating the appropriate
check box.

...with Number

The filter area specifies the address area to be displayed. You can also specify
several partial areas.

The filter area entry "10-50; 70; 100-130" means that the address 70 and the
address area from 10 to 50 and from 100 to 130 is to be displayed.

Display absolutely and symbolically
When this option is activated, the addresses, just like in the slide, are displayed
with a symbol. When the option is deactivated they are shown absolutely.

Access Type

In the default setting, all access types are displayed. You also have the option of
choosing "Selection”, in which case you then have to choose the access type by
clicking on the check box(es), (for example - W - for write-only access) or "Only

multiple assignments with operation = ".

Default Setting

If the settings are to be accepted for the next time the "Display Reference Data"
application is started, you have to activate the "Save as default setting" check
box. The basic setting or the default setting you saved is restored with the "Load
Default Setting" button.
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Block Correction using Cross References

ER&I’ - [My_Program {Cross-references) -- My_Project'My_Station{l o [ 4
lﬂa Reference Data Edit  Wiew ‘Window Help =0 |
3| &| Re M| [Free EEE
Address (symbal) # Block (symbal) Tvp | Languag | Location Location ;I
10.1 (T_System_OFF) FC15 (FC_Operating_Modes)  |R LAD MW 1 FRN
I10.2{T_Jog_RT) FC16 (FC_Canveyorh [ 140 Ml 1 o Nt 2 Fan
10.3(T_Jog_LTh FC16 (FC_Conveyon ELAD,.-"STL.-"FBD - [FC17 -- My_Project'My_Station{1).CPU 314] o [ 4
I10.4{5_Mjd_ModeSelect) |FC1S (FC_Operating i File Edit Insert PLC Debug View Options ‘Window Help — |ﬁ||i|
10,5 (T_M/&_Accept) FC15 (FC_Operating =@, -
10,6 (5_WeightNurber) | FC18 (FC_Count) D|(s-[@| & ||| o]~ cildsl [«
10,7 {T_Conv_Rst) FC15 (FC_Operating g*| 14|51 D @ ey AH 44O Ly ||| w2
11.04T_Fault_Rsky FC17 (FC_OpfFlk_M _I _l—l _I_ _I | I I I I I I _I
1.1 (5 Faultl) FC17 (FC_opjFlk_m | fzozzz==--- : 4|
11.3(5_Fault3) ;EB_Insta.nce_Fault
II 8.0(LE) Cross-references For Ac ‘ "FE_Faults"
i ENO
Data will be displayed as filkered.
"S_Fault,Z’% isturbance Input Display "L _Faultz™
T Fault Rstf{IL.2]5_Fault2 { Faul #2 Activate Switch 0=0FFf1=0n|
"z _He" Flash fregquency _I
Hetwork 6 : Evaluation Disturbance 3 =
4] | _'I_I
_ﬁ| [ 4]m[m 1:Enor A Znfo A 3 Crossteferences A 4 Addessinfo. A 5 Maodify A
2 [offline |abs <52 [MwS In: 7%
SIMATIC® S7 Date:  12.03.03 ;v‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_11E.30 W™ Automation and prives
Handling When you double-click an address in the cross references list, you start the
LAD/FBD/STL Editor and open the block where the selected address is used. The
cursor is located in the network (LAD/FBD) or in the line (STL) in which the address
is used.
Note The reference data are generated only from the blocks that are stored in the offline

data management!

For that reason, you must make sure that the blocks stored online and offline are
identifcal for troubleshooting. You can check this in the SIMATIC® Manager using
Options -> Compare Blocks.

ST-7PRO1
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Go To Location

ELAD,.-"STL.-"FBD - [FC17 -- My_Project'\My_Station{1},CPU 314] = Iﬂlﬂ
i} File Edit Insert PLC Debug Wiew Options Window Help — |ﬁ||i|
D|E’?|E~|H| §| & ||E| 'ﬂl ﬁ'l l:*‘u‘élﬁl |‘CI
H
ar| <ot DR 2] AHW-OlE L [ =] w2
,,,,,,,,,,, T :I
"DE_Instance Fault
e
"FE_Faults" |
el el BN Go To Location o ] |
Cut ) : Ctrl-;—x Disple  pddess 5 _Fault2 j Dizplay
Copy Chrl+-C - -
Paste Chrley II 12 S_Fault2 Fault #2 Activate Switch 0=0ff/A1=0n
Delate Del Block syrbol Details
Insert Mebwork Chrl+R
Hetwork 6 : Eve Insert Emply Boo Alc+FS
Insert Symbaol Chrl+]
Edit Symbaols. .. Alt+Return Local Applicai | | LI
4 I I Special Object Properties 3 Lacal Applicati
Type of Access
_ﬁllilll Rl TEmor A Zinfo A 3 Crossieferences A 4 | @ gy GoTo I
Jurnps o the selectable point of application of the sele 2 |offline " Selection: Fiw W 2Rw 3% [Tl4R
[™ Dverlapping access to memary areas
Claze | Starting F'ointl e | 33 I Help
Y -
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Function and
Area of Use

Handling

Type of Access

In troubleshooting, it is often necessary only to determine where one address is
used or assigned in the program. In this case, it makes more sense to call the "Go
To -> Location" function instead of the cross references list. The Go to Location is
called directly from the LAD/FBD/STL Editor and gives you an excerpt from the
cross references list for the specific address.

When you select the option Overlapping Access to Memory Areas, word-by-word
accesses to an address are also displayed, for example.

Using the right mouse button, click on the address. The Go to Location dialog
window appears. Its entries have the same meaning as those in the cross
references.

If an entry is of particular interest or an indicated program location is to be shown,
you use Go To -> Location to open the indicated block with the Editor.

In the above example, the program location at which the input 1 0.2 is scanned
(Access Type R) is of interest. After selecting the relevant line, you can use the Go
To button to open FC 16, NW 1 directly.

When you click the Starting Point button, you return to the beginning.

By default, all accesses to the addresses are displayed. When you choose
"Selection", you can display, for example, write-only accesses (assignment, set,
reset).
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ELAD;“STL,‘"FBD - [FC16 —- My_Project\My_Station(1)\CPU 314]
{3} File Edt Insert PLC Debug View Options ‘Window Help

Exercise: Testing Motor Jog

=10l x]
=18l x]|

DlzE- 8| 2 &= =)o bkl =

ar| <y mIE el AEH ol E s (=] K2

War - @y
Table Edit

FCl& : Conwveyor Control

] "T_Jog_RT"
11 Il
L) T

"T_Jog_LT"

1

"H_Jog_right”

=1o1x]

| Dfe= _l;l
< »

Wi [ d[4[w[m] T:Enor A Zinto A 3iCrossreferences A 4 Addiessinfo. A S Modip A B
iy | =
Press F1 to get Help. D [offline lpbs <52 | Inser

[ @Variable tablel ONLINE LD =101 =] [EB[E@variable tablel ONMLINEL =101 x|
Address Symbal Displary Format | Status value -I' Address Symbol Display Format | Skatus value -F

Q x NL_MAN" BOOL fEL 119 42 “L_MaAN" iBOOL T falze

G a3 “L_AUTO" BOOL 2|0 43 "L_aUTO" BOOL false

| 02 "T_Jog_RT":BOOL 3|1 0z "T_Jog_RT":BOOL | false

] “T_Jog LT BOOL 4|1 o “T_Jog LT" BOOL | false

G 205 AT BOOL 5@ "K_RAT" BOOL | false

0 206 Me_LT BOOL 6|0 UR_LT BOOL g False

7

Bl

Iy _Project|My_Station(1)

Version A: Version B:
16 channel modules 32 channel modules

[ & <5z [ 4
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Task

Function
Test No. 1:

What To Do:

SITRAIN Training for
Automation and Drives

Date:
File:

12.03.03

ol
PRO1_11E.32 ‘=

The Error_16 (Error_32) S7 program that you copied is to fulfill exactly the same
functions as the program that you have programmed up until now. Since you
eliminated the STOP errors in the last exercise, you are now to eliminate the logical
errors in this one.

In the search for the first logical error you are to become familiar with using the two
test functions Monitor block and Monitor variable in combination (see slide).

Check to see whether you can jog the conveyor motor to the right ("K_RT") using
the pushbutton "T_Jog_RT" and to the left ("K_LT") using the pushbutton
"T_Jog_LT" when you have switched on MANUAL mode ("L_MAN" ="1").

1.
2.

Enter a variable table with the addresses shown in the slide

Using Variable -> Trigger, specify End of Scan Cycle as the trigger point and
Every Cycle as the trigger condition, so that you can monitor the output states
relevant to the conveyor motor after the program has been executed. Activate
the test function.

In the Editor - without exiting Monitor Variable - monitor FC 16, where the
jogging of the conveyor motor is programmed.

Select the size of the windows for the two test functions so that you can arrange
them as shown in the slide. The states of the outputs are visible during program
execution in the Monitor block test function, while in the Monitor variable test
function they are visible at the end of the cycle. The test functions show different
states for the output "K_RT", which leads to the conclusion that the error
function occurred because of a double assignment.

Find and correct the double assignment as follows:
right mouse button on K_RT -> Go to Location
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Call Environment of the Block x|
r— Trigger Condition:
[~ Call-Up Path I iwfith Address
=8 . W O Fezo ELAD ‘STL/FBD - [FB20 -- My_ProjectMy_Station{1)\,CPU 314] =] B3]
B- |:| D FC17 i} File Edit Insert PLC Debug ‘iew Options Window Help -|ﬁ' 5[
0 0B D(2-E] S| #[ms(| o] w5 s e OB gl AHH-0 R | )= _||
Contents OF: ‘EnviranmentiInterface)IN'
Trterface [Name Data Type  [Address [Initial Value [Exclusion address[Terminatian addr
EI!:I- b ‘B Disturbance_lnput  [Bool 0.0 FALEE I [
‘B Disturbance_Input B Acknowledge Bool 01 FALSE r Il
E ;Ck”hm’f“‘e‘ﬂ@e @ Flash_freguency  |Bool 0.2 FALSE r -
lash_frequency
a r r
‘EI Report_Memary
¢ L@ Edage_Memoary_Bit
[V Open Data Blocks [ p— al | N
Shared DB Murnber I B
FEZ0 Title
Instance DB Mumber |3 iiégf@:r:lg:_i : Disturbance evaluation
#Report._ Memory
#Disturbance_Input #Edge_Memory Bit SR | #Display
| (p} g Q = [ |
| \P} Lk |
#icknowledge —R
#Report_Memory #listurbance_Input
1 Il
<[ | _'l_I
ﬁl“l‘l b[MP TEwor A Zinfo A 3 Ciossieferences A 4 Addiessinfo. A G Modify A 6 Diagnostics A 7 Compari
2 [offline labs <52 [mwr1 Insert P4
‘v
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Task In the search for the second logical error you are to use the Monitor block test

function with triggering of a specific block call.

Function Check whether the occurrence of Disturbance 3 (Switch | 1.3 on the simulator) is

Test No. 2 displayed with a flashing light on the simulator LED Q 9.3/ Q 5.3, and whether the
flashing light switches to a constant light when you acknowledge using the
simulator pushbutton 1 1.0 .

What To Do: 1. After Disturbance 3 occurs, no flashing light is displayed. To troubleshoot,
monitor FB 20 in the Editor when it is called with instance DB 3 to evaluate
Disturbance 3.
Debug -> Call Environment -> Trigger condition: Open Data Blocks, Instance
DB Number: 3 (see slide upper left).

(Note: Mode-> Test Mode must be set to be able to trigger!)

2. Monitoring FB 20 shows that no flashing light is displayed because the IN
Parameter has #Flash_frequency constant 0" . Since it concerns a parameter,
the error is not in the FB 20 itself, but in the actual parameters that are passed
on to the FB 20 by the calling block.

3. The FB 20 is called in several locations in the program. Find out in which block
the FB 20 with instance DB 3 is called to evaluate Disturbance 3.
SIMATIC® Manager Options -> Reference data -> Display -> Program structure

4. Correct the FB 20 call in the calling block and retest the evaluation of the
disturbance function.

SITRAIN Training for ST-7PRO1
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Exercise: Testing the Display of the Quantity

[E]LAD/STL/FBD - [@FC18 — My_Project\My_Station{1)}CPU 314 ONLINET 100
3 File Edit Imsert PLC Debug ‘iew Options ‘Window Help

~lojx|
EEY

D[|2-(a] 3| e[| ol ekl s <> OfE e 3ol == ||

“LB" ek

"5_Weight/hunb

o
"DE_Parts".ACT

I_BCD

ENO

m: Count transported parts in AUTO Mode

"LE_Parts".Edg

L_AUTO" "M_eight_ok” ADD_I

7777777777777 | p---m-mmmmmemsed benoeoo—- [EN ENO
"DE_Parts".ACT "DE_Parts".ACT
_Mumber of par _Mumber of par
ta ~ 1Nl OUT |-t
1-1IN2

Hetswork 3 : Display Actual Muwber of Parts

=l

_Mumber_of_par 1640000
s I OUT | = QW_DISPLAT"
; [E]LAD/STL/FBD - [@DB18 - My _ProjectiMy_Station(1)\CPU 314 ONLINET I =10l x|
i} File Edit Insert PLC Debug View Options ‘Window Help =5 ﬂ

Press F1 ko get Help.

I X T (N AT Dllel=] @ &lzlel o] e[S @ <) O E||

Il\d.d.ress Hame Type Initial value Actual wvalue |Comment

I 0.0|ACT Humber of parts |INT o Actual Mumber of transported Parts
I 2. 0|Edge_hwux EOOL FALSE TRUE Aduxiliary Memory Bit Edge Evaluation
I

Lf|l||4|4| blbll\ 1: Error )\ 2 Infa A 3 Cross-references )\ & Address info.
-

} SiModfy A E: Diagnestics

7 Comparison

Press F1 to get Help,

[ ®Rin — s<sz md [ 5

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Task

Function
Test No. 3

What To Do:

Date: 12.03.03
File: PRO1_11E.34

;v‘ SITRAIN Training for
WY Automation and Drives

In the search for the third logical error you are to use the Monitor data block test

function, among other things.

Check whether the number of transported parts is recorded correctly and

displayed on the BCD digital display.

1. The counting and displaying of the number of transported parts is programmed
in FC 18. FC 18 calculates the current number through addition in the
variable "DB_Parts. ACTUAL_Quantity" (DB18.DBWO). First of all, open DB 18
with the Editor and monitor online the contents of the variable

"ACTUAL_Quantity" (DBW 0)

(Reminder: Before you can monitor a DB you must switch to Data View using

the View menu option )

2. It appears that the FC 18 block does not deposit the correct number of parts in
the variable "DB_Parts. ACTUAL_Quantity". Therefore, open the FC 18 with the
Editor and test it with the Monitor block function.

3. Correct the FC 18 and retest the function.
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"Find" In Reference Data

lﬂa Reference Data | Edit  Wiew window Help -
Find what:
Find et Gl [awe =l
Address (symbal) Go To » |
10.0 .« | - | Modes)  |F -~ Search Range
10,1 (T_Syskem_C De.ete Syniols | Modes)  [F ' From cursor posiion € From cursor position £ All ! Gelection
I10.2(T Jog RT) Edit Symbals, .. F down up
10,3 (T _Jog_LT) FC16 (FC_Convey..for) Fo S p——
I10.4{5_M/A_ModeSelect)y |FC15 (FC_Operating_Modes)  |F
10.5 (T_Mj&_Accept) FCI5 (FC_Operating_Modes) |F | ¥ 1: Addiess (symbal) W' & Language
10,6 (5_WeightfMumber)  |FC18 (FC_Count) F ¥ 2 Block (symbol) [~ & Location
I0.7 {T_Conv_Rst) FC15 (FC_Operating_Mades)  |F
vV 2 Type
11.0(T_Fault_Rst} FC17 (FC_OpiFlt_Mess) F
1
Looks For kext in the current window, I™" Find whale wards only I~ Match case
ERef - [My_Program (Cross-references) - My_Projec - Station{1)CPU 10l =|
QD Reference Data  Edit Wiew Window  Help 1= x|
e EE = %] o x|
Address (symbal) # Block (symbaol) Typ | Languag | Location Locd
Q5,3 (L_Fault3) FC17 (FC_OpfFk_Mess) W |LAD MW 6 JCALL
Q8.1 (L_BAYL) FC17 (FC_OpfFl_Mess) W |LAD W 1 -
Q8.2 (L_BAY2) FC17 (FC_OpfFk_Mess) W |LAD ] -
Q8.3 (L_BAV3) FC17 {FC_OpfFlk_Mess) W |LAD N 3 =
Q8.4 (L_END) FiC16 {FC_Conveyar) R LAD N 4 AAN
Qa8.5(K_RT) FC16 {FC_Conveyar) R LAD N 3 AR
Qa6 LT FiC16 {FC_Conveyar) W |LAD N 4] =
' 3 FC16 (FC_Count) W |LAD N 3 AT J
& (SD_Conv_start) FC16 (FC_Conwveyar) R LAD Hw 4 S ﬂ
4| | 3
Data will be displayed as filkered, UM &
Y -
SIMATIC® S7 Date:  12.03.03 “" f'TRA_'N T'E:j'"[')"_‘-? for
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Find

string) in the list displayed at the time.

Note

including every dot, dash and space".
Additional settings are:

» search for address, symbol, block or language,
» the character string entered as search term is a whole word or part of a

word,

» capital/small letters are to be taken into account or ignored,
» the search range and the direction of the search can be specified.

While reference data are displayed, you can start a search for addresses (character

The search function is a pure text search, that is, the entries must be "exact -

SITRAIN Training for
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Assignment of [, Q, M, T, C
ER&I’ - [My_Program {Assignment) -- My_ProjectyMy_Station{1)+CPU 314] P ] 4
EReferenceData Edit Wiew Window Help =D
2| &) Rl o] [t %] i »el
Inputs, outputs, bit mernary Timers, counters
! u] 1 2 3 4 5 =] 7 g 9
0 T10-19 Tig
IE 1 H|x # Co0-9
B 2 1
IB 3 |
IE 4
IE 5
IE &
IE ¥
IE & WX XK *
QB 4 W WK
QB 5 K
QB & .
QB 7
QB & H X R K| K
0B 9
ME1D # *
ME11l
ME1Z
ME13
ME14
ME15
ME1l6 * XX *
MFR17 e * LI
Press F1 ko get Help, I_WI_ 5
SIMATIC® S7 Date:  12.03.03 ‘sv‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_11E.36 N Automation and Drives

Assignment 1/Q/M

Filter

i

You open the Assignment of I/Q/M/T/C by selecting the View -> Assignment menu
options or by clicking on the relevant icon.

This assignment list gives you an overview of which bit is used in which byte of the
memory areas input (I), output (Q) and bit memory (M) and which S5 timer and S5
counter. The type of use (reading or writing) is not displayed.

The inputs (1), outputs (Q) and bit memories (M) are displayed byte-by-byte in lines.

The bits identified with an "x" or binary addresses (in the slide, for example, | 1.0,
Q4.3, or M10.3) are used explicitly in the program.

The colored bytes identify byte, word or doubleword addresses (in the slide, for
example, input byte IBO, the input word IW2 or the output doubleword QD6) that are
used in the user program. The address dimension (byte, word or doubleword)
comes from the vertical line in one of the columns "B" (Byte), "W" (Word) and "D"
(Doubleword).

Bits that are both colored and have an "x" are used explicitly as a binary address in
the user program and are used through a byte, word, or doubleword address.

Example (see slide):

The output Q8.4 is used explicitly as a binary address ("x") as well as indirectly
through the output doubleword QD6 in the user program (the output bytes
QB6,7,8,9 are colored, vertical line in the "D" column for doubleword).

By selecting "Filter", you can choose the memory areas to be listed and restrict the
individual address areas.
The same rules as for filtering in the Cross References list apply.
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Automation and Drives

ST-7PRO1
Page 36 Troubleshooting



SIEMENS

ER&I’ [My_Program {Unused symbols) -- My_Project',My_Station{1}CPU 31 o [ 4
(=) Reference Data  Edit Wiew Window Help 8=

Unused Symbols / Addresses without Symbols

| & tlE|Efo | [ || ol el

Symbal /

Press F1 to get Help.

Address Data bvpe Commenk &
COUMTER Transported Parts Counter

I5.1 EDOL Push Button at Bay 1, Momentary Conkact
15.2 Bl Dnich Fibban sk Raw 2 Marnenkar, Cankack
M17.3 ER&I’ [My_Program {Addresses without symbol} -- My_ProjectMy_Stati o [ 4
M17.4 "% Reference Data Edit Yiew ‘Window Help =0 |
M 18,0
M 20 | | @Bl.l'ﬁg | |N0f||ter |Yﬂ'| ’i:ll k?”
MW 22
087 Address 4 | Mumber

I16.2 1

Mi12.2 1

i
Press F1 to get Help. MM 5

Edit Symbuols - Reference data x|

l Data Type Camrment
| |
4ddSymbols | Delete Symbol

The symbal table is updated with ‘0K or ‘Apply'

ak | Apply | LCancel Help
SIMATIC® S7 Date:  12.03.03 ‘v‘ SITRAIN Training for
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Unused Symbols When you select the View -> Unused Symbols menu option or click the relevant

)]

icon, a list of addresses appears. These addresses are defined in the symbol table
but are not used in the S7 user program.

By clicking the right mouse button and then -> Delete Symbols, you can then
remove those addresses or symbols from the symbol table.

Addresses When you select the View -> Addresses without Symbols menu option or click the
without Symbols relevant icon, a list of addresses appears. These addresses have been used in the
. S7 user program but are not defined in the symbol table.
i By clicking the right mouse button and then -> Edit Symbols, you can declare
symbols for the affected addresses after the fact.
Filter You use "Filter" to make selections of detailed information for the display of unused
symbols.
)
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Compare Blocks

¥ Including SDBs

¥ Exscuts code comparison

Type of comparison: %' ONLINE/Dffine " Path 1/Path 2 Path 1: |My_Projectity_Station[1 NCPU 314\My_Program'Blacks

I™" Including blocks created in different programming languages Path 2. OMLINE IMy_F'roiect\My_Station[‘l RCPU 31 44My_Program'Blocks

Comparing Blocks (1)

Compare Blocks - Results x|

The black comparizon resulted in the following differences:

Storage Locatior: [D:A57_Projektethy_Proje

~ Selected

Path1: My ProjectsMy_Station[1]%CPL 314%d4y_Program

Storage Location: |

Block List:

Blocks

| Block | Result of comparison

= Campare with.
et

# Path 2 OMLIME contains newer version

OF starts the OMLINE foffline col

Diarison.

Cancel | Help

[ Hide instance data blocks of the same length
x|
=3

Block checksum 0xF320
Created inlanguage  LAD

E block codes are different.

Details... |

d, 30/0 100:31 PM.
1/07/2000 05:30:58 PM,
0x5753

LAD

Total length of block. 462 bytes 462 bytes

Length of local data & bytes & bytes

Length of MC7 code 360 bytes 360 bytes

s el 2 2 Close I |Ipdate I Frit ..

Marne (Header)

Wersion (Header) 0.1 0.1 LI

...See
_ te | next page
® Y .
SIMATIC® S7 Date:  12.03.03 “" SITRAIN Training for
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Siemens AG 2003. All rights reserved.

Introduction

What To Do

Note

You can compare blocks between online and offline data management or between
two user programs on the hard disk of the PG.

With this function, you can determine whether, for example, program corrections
were made in the CPU later on and in which network the blocks differ.

1. With the right mouse button, select the Blocks folder of an S7 program.
Select the Compare Blocks menu option.

3. Choose whether you want to compare online/offline or between two offline
programs and acknowledge with the "OK" button.

4. In the follow-up screen, the blocks that differ are listed.

5. Select the line in which a difference was determined and then select the
"Details" button.

6. In the "Compare Blocks - Details" window you can see when the block was
modified and if the block length was changed.

7. After you select the "Go To..." button, the differing block is opened online and
offline in two windows, for example, and the network, in which the first
difference was determined is displayed.

n

Program corrections can only be made in the offline window.
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fFLAD,STL/FBD - FC17 E _ (O] x|
File Edt Insert PLC Debug Wiew Options ‘Window Help
T R = T e e e T N g o ) O N e
W FC17 -- My_Project - |0| x| | [EXFC17 —my_ProjectiMy_Station{1)}CPU 314 ONLINE - ol x|
"M_BEYS";I "I‘I_anﬁ"d
L_AUTO" "BAY3" "K_RT" R "1L_AUTO" "BATI" "E_RT" oR
|l |l 11 E Il Il 71 g
"T_PB3" — R "T_PE3" —R
il‘e‘t.‘;w;‘r‘l;‘ai : Evaluation Disturbance 1 /I llél:;n‘)‘r‘k“i : Evaluation Dim
‘ "FC_Fault” | / - | "FC_Fault” =
- FN ENO EN ENO
Disturbance I ‘ Disturbance I
"§_Faultl™ —nput Display —q9.4 "3 Fanltl™ —nput Display —09.2
"T_Fault Rat"™ —acknowledge "T_Fault Rat” _ Acknowledge
Flash fregquen Flash frequen
"2_Hz" =C¥ "2 Hzv ey
"H_Faultl™ —Report Memory "M_Faultl™ —Report Memory
"M_Faultl Edge Edge Memory B "M_Faultl Edge Edge Memory B
" it . r it =
| 3] | KT H 4
x|
| Erevious | THewt Update |
My _Projectiiy_Station{1 WCPU 3144My_ProgramiBlacks\FC17 | | Iy _Projectiy_Station(1WCPU 3144My_ProgramiBlocks\FC17
Network 4: Display:i=0 9.4 (> Metwork 4: Displav;=00 9.2
||4| 4 | }lbll\ TEmor A 2Zlnfo A 3 Crosseferences b 4: Address info. & B Modfy A G Diagnostics 7 Comparison  f
Press F1 to get Help, < [ROMS [abs < 5.2 w4 rd 4
® Y .
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Differences

Example

After you select the "Go To..." button (see previous page), the Program Editor is
opened with two windows side-by-side, in which the network with the first difference
is displayed.

If LAD/STL/FBD Editor defaults were set to open blocks in Statement List (STL) the
PG's cursor would be at the first command lines that are different.

If the blocks displayed differ in several locations, you can switch between the
different program locations using the "Previous" and "Next" buttons.

In the example shown above, the FC 17 block which is stored offline (in the slide on
the left), calls the FC 20 block. For the formal parameter "Display”, output Q9.4 is
given as the actual parameter, whereas in the program that is stored online it is the
output Q9.2. That means, that after the block was downloaded into the CPU, a
correction was only made to either the block saved offline or to the block saved
online.

You can identify which of the two blocks was modified last by reading out the the
time stamp in the "Compare Blocks - Results" screen.
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Modifying Outputs in the Stop State

3l ¥ar - ¥ariable tablel o [ 4

Table Edit Insert PLC | Wariable Miew Options Window Help
~ Trigget... Ctr+R

| Dsldl & =

—I o & Manitor Chr4+F7

plac|an| &5)wq| iy ChrlFa

Update Monitor Yalues F7
Acti 5

Modify Address ko 1 Cerl+1
Modify Address ko 0 Ctrl+0

Enable Peripheral Outputs  Shift+F2

Alk+F2

Display Force Yalues
Farce
Stop Forcing

Madity Yalue as Comment  F3

;L ¥ariable tablel ONCIN
Address Symbaol| Display format | Skatus walue | Modify walue

1|PUB 4 BIM 280010_0000

2 |POE & BIM

3 |POW B HEX W1 BHCAFE

4

Activates the modify values once (independent of the trigger). W fbs 25,2  |PQenabled 2
Y -

SIMATIC® S7 Date:  12.03.03 “" SITRAIN T'E:;"'"Q for
Siemens AG 2003. All rights reserved. File: PRO1_11E.40 ~  Automation and Drives

Function and
Area of Use

the CPU is in the STOP state.

The "Enable Peripheral Outputs" function is used mainly to check peripheral output
wiring. It can, however, also be used to continue to control actuators in the process,

even though the CPU has gone into the STOP mode because an error has
occurred.

What To Do To enable the peripheral outputs, proceed as follows:

Note

1. Open or edit a variable table (VAT) that contains the peripheral outputs that you

want to test or modify

(specify the peripheral outputs byte-by-byte, word-by-word or doubleword-by-

doubleword; you cannot modify individual output bits!)

2. Select the PLC -> Connect to... menu option to establish a connection to the

CPU you want
3. Switch the CPU to the STOP state

4. Enter the appropriate values for the peripheral outputs you want to modify in the

"Modify Value" column.

Examples: PQB 7 Modify Value:  2#01000011
PQW 2 W#16#0027
PQD 4 DW#16#0001

5. Use Variable -> Enable Peripheral Outputs to activate the modifying of the
outputs

6. Use Variable -> Activate Modify Values to modify the peripheral outputs.

7. To assign new modify values, enter these and then activate them with Variable

> Activate Modify Values

Modifying or "Enable Peripheral Outputs" remains active until you deactivate it
using Variable -> Enable Peripheral Outputs, or you press the ESC key.

When you change the operating mode of the CPU from STOP to RUN or

STARTUP, the Enable Peripheral Outputs is deactivated and a message appears.

SITRAIN Training for \
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When a CPU transitions to STOP, all digital outputs are switched off and analog
outputs are switched to their defined parameter - either off, as is, or a predefined
value. The "Enable Peripheral Outputs" function allows modification of outputs when
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D|=(2a| &

Overwriting Variables using "Force"

ELAD,.-"STL.-"FBD -[FC17 -- My_Project'\My_Station{1),CPU 314] = ||:||i|
i} File Edit Insert | pLC Debug Wiew Options Window Help — |ﬁ||i|
Download Chrl4L g Hicr
a| ! ! . i = ?
Select Online CRU... —l e El@ l-—I -“-H"H-OIIL’I IHl LI

-

FC17 Titl CPU Messages. .. j
: Title:
___________ Display Farce Yalues Chrl+alk+F N\
Hetwork 1i: LED  mMonitor Modify Yarisbles
Madule Information. .. Ctr+D
‘ H_Bay3 Operating Mode. .. Chrl+I Bf2 KI_FI‘\T KI_IIIT
l/ Clear/Reset. .. i 11
M_Bay3 Set Time of Day... el by TEATZT K_RT"
|} 171 |} 141 11
Z_Hz" "E_RT"
| 1 | |
I T I
‘ |ﬁl Yar - [Force 'h'al_ues : My PI‘DiECt\MY StationSIE:EPU 3143 My_Program OMLINE] o [ 4
LI_I ﬁ Table Edit Insert PFLC Variable Yiew Options Window Help ==l

AT = Dl(d] @) b (w0 o] x| [ 2] 8| [E[AEE L2 2

Displays the force vatia @,lwl”l ﬁil ﬁ;l ﬁl ‘

Ak

i

_é Address | Symbol Display Format | Force value

1 I 01 :"T_System_OFF":BIN 21

2 0 81:"L_Bar" BIM 21

3 Q' BiVEWw _DISPLAY" (HEX WHTEHCAFE

-

Time of Last Update:16:11:10 w Abs < 5.2 4

nv -

SIMATIC® S7 Date:  12.03.03 “" SITRAIN Training for
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Function and
Area of Use

With Force, you can overwrite variables with any values you like, independent of

the user program. You can open only one Force Values window for a CPU.

With the S7-300™, you can only force the process image inputs and outputs; with
the S7-400™ you can also force bit memories and peripherals.

Notes on Forcing

Before your start the "Force" function, you should make sure that no one else is
carrying out this function at the same time on the same CPU.

You can only cancel a force job by selecting the Variable -> Stop Forcing menu
option

You cannot undo "Forcing" with the Edit -> Undo menu option.

You cannot cancel the force job by closing the Force Values window or by
exiting the "Monitor/Modify Variables" application.

Selecting the 1. To start the Force Function in the SIMATIC® Manager, select the CPU to be
"Force" Function forced.
2. Select the PLC -> Display Force Values menu option.
The Monitor/Modify Variables tool opens the Force Values window with the
addresses currently being forced and their associated force values. The status
bar also shows the date and time of the current force job in the CPU. If no
address in the CPU is forced, this window is empty.
3. Inthe "Address" column enter the variables and in the "Force Values" column
enter the values you want.
4. Start forcing with the Variable -> Force menu option.
5. End the force job with the Variable -> Stop Forcing menu option.
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Testing the Program Execution using Breakpoints (Part 1)

I:'.[‘vﬁ LAD/STL/FBD - [FC1 -- My_Project’My_Station',CPU 314 OMLINE]

~=olx|

i} File Edit Insert PLC Debug | Wiew Options Window Help _|ﬁ'|i|

~ : Overviews Chri+C
=51 g [l o i< O 2] elyelolmo [l |
® |P€|.9|>>®|o-)| | | PLC Register
* LAD Ctri+1 -
: Exerd\ te for Breakp - Chrl+2 j
----------- FED Chrk3
Hetwork 1: culation
1 2 [aka iew ]
T nE 20 | * Declaration Yisw
beg: L "Ml Parts . ;
— 3
e Display with
T 1o Zoom In Chrl4+-Mum+
JF Zoom Cut Chrl-Mum-
L 20 Zoom Factor
INc 1
T B v Toolbar
L 1a
»=I
I not v Status Bar
Ju beg Display Columns,.. FLL
eval: L ME 20
T ME 40 Update Wiew F5
mot: 3§ i 4.1
EE
_ﬁ| [ 4 m[mls T:Emor A ZInfo A 3 Crossreferences A 4 Addessinfo. A 5 Modify A B Disgnostics 4 7 Comparison £
Displays the breakpaint bar (onyaff), <> AR labs <52 [Mwl Ln2 Insert v
‘v
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Breakpoints

Note

Breakpoint
Functions

Attention

File: PRO1_11E.42 Automation and Drives

With the help of this test function, you can test a program you see in STL in single-
step mode and thus follow the sequence of the executed instructions as well as the
associated register contents.

You can set several breakpoints, depending on the CPU. The number of possible
breakpoints depends on the CPU used.

In order to carry out these test functions, you must have fulfilled the following
requirements:

» The "Test Operation" mode must have been assigned parameters.
» The block to be tested must be opened online.

» The LAD/FBD/STL Editor must be explicitly set to View -> STL.

» The block must not be protected (Know_how_protect)

You can choose the breakpoint functions in the Program Editor by selecting the
"Test" menu option or through the Breakpoint Bar.

You can activate the breakpoint bar by selecting the View -> Breakpoint Bar menu
option in the Program Editor.

If the program execution encounters a breakpoint, the CPU switches from RUN to
HOLD mode.

In this mode, the STOP LED lights up and at the same time the RUN LED flashes.
The outputs are deactivated for safety reasons.
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Testing the Program Execution using Breakpoints (Part 2)
[ LAD/STL/FBD - [FC1 — My_Project'My_Station',CPU 314 ONLINE] =[0] x|
i} File Edit Insert PLC Debug ‘iew Options Window Help _|ﬁ'|i|
Dle-[e] &l £|mle] o] el s & > OE g ol o =] »|
[o 24Je vefes]12]m] |
FC1 : Exercise for Breakpoints j
Break- :iiél'sz!‘::r:]g:i. Calculation
point % L 0
> T B 20 PLC register contents |
beg: L "MW_Farts"™
W1 Status ‘word
= T mr o0 [T #c [T 5T [T 0s [T ccol BR
Next TP ewval
state- L e 20 CRO ToR oy [CECt
mc 1
ment T B 20 7 i
L 16 ACCU T ACCU 21
»=I . : 0.0
i mot aR1 | sR2 |
I beg BIobDE:| InstDE: |
eval: L ME 20
T B 40
mot: 3§ i 4.0
BE
_ﬁ“illlblbll\ 1:Emor A Znfo A 3 Crossveferences A & Addessinfo. A 5 Modify A 5 Diagnostics 4 7 Comparison  f
Press F1 to get Help. # [HOLD lbs <52 [Mw1 LnS Insert v
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Breakpoint Bar

Set/Delete Breakpoint

Breakpoints Active (on/off)

Show Next Breakpoint

i

Execute Call

Delete All Breakpoints

Resume Next Statement

Set/Delete Breakpoint With "Set/Delete Breakpoint" you determine where the program execution is to be

Breakpoints Active

Show Next
Breakpoint
Resume

Next Statement

Execute Call

halted. The breakpoint's statement is not executed.

With "Breakpoints Active" you activate all breakpoints; not only those already set
but also those still to be set.

With "Show Next Breakpoint”, the Editor jumps to the next selected breakpoint,
without executing the program.

With "Resume"”, the program runs until the next active breakpoint.

With "Next Statement", you execute the program in single-step. If you reach a block
call, you jump to the first statement after the block call with "Next Statement".

The Execute Next Statement and Execute Call menu options require a free
breakpoint for the internal implementation.

Here, when you reach a block call you branch into the block with "Execute Call". At
the end of the block you jump back to the next statement after the block call.
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Organization Blocks
> ] —>>]
\ FC \ FB
OB1
Operating
system ’ '
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1
\ SFC
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SFB
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Objectives

Upon completion of this chapter the participant will ...

know the organization blocks that are available

understand the difference between "Complete restart", "(Warm)
Restart" and "Cold restart”

be able to explain the principle of interrupt processing

know the "Time-of-Day Interrupt", "Cyclic Interrupt", "Hardware
Interrupt”, "Time-Delay Interrupt", "Diagnostic Interrupt"

know the error OBs for synchronous and asynchronous errors and
will be able to implement them to influence the CPU response when
errors occur

be able to interpret the OB start information and will be able to
evaluate it in the program

SIMATIC® S7

Siemens AG 2003. All rights reserved.
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Startup

Overview of the Organization Blocks

OB 102
Cyclic Periodic Event-driven
program program program
execution execution execution
OB 1 OB 10to 17 OB 20to 23 OB 80 to 87
i(rﬂé?sdgtf;?ay (Time-delay interrupts) (Asynchronous errors)
OB 30to 38 OB 40to 47 OB 121, 122
(Cyclic interrupts) (Hardware interrupts) (EynchinoiElenEE)
Interrupt OBs Error OBs
SIMATIC® S7 Dae: 120303 @il SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_12E.3 Automation and Drives
Startup A startup program is carried out before the cyclic program execution after a

Cyclic Program
Execution

Periodic Program
Execution

Event-driven
Program
Execution

power recovery, or a change of operating mode (through the CPU‘s mode
selector or by the PG). OBs 100 to OB 102 are available for this.
In these blocks you can, for example, preset the communications connections.

The program that is to be continuously executed is stored in the Organization
Block OB 1. After the user program has been completely executed in OB 1, a
new cycle begins with the updating of the process images and the processing of
the first statement in OB 1. The scan cycle time and the response time of the
system is a result of these operations.

The response time is the total of the executing time of the CPU's operating
system and the time it takes to execute all of the user program.

The response time, that is, how quickly an output can be switched dependent on
an input signal, is equal to scan cycle time x 2.

With periodic program execution, you can interrupt the cyclic program execution
at fixed intervals. With cyclic interrupts, an OB 30 to OB 37 organization block is
executed after a preset timing code has run out, every 100 ms for example.
Control-loop blocks with their sampling interval are called, for example, in these
blocks.

With time-of-day interrupts, an OB is executed at a specific time, for example
every day at 17:00 hours (5:00 p.m.), to save the data.

The hardware interrupt can be used to respond quickly to a process event. After
the event occurs, the cycle is immediately interrupted and an interrupt program
is carried out.

The time-delay interrupt reponds after a delayed time period to a process event.
With the error OBs you can determine how the system is to behave, for
example, if the backup battery fails.
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Restart (manual)

Completer Restart « only for S7-400™
automatic manual gifg(gQT%{j)l\fit%gRg]THw'conﬁg):
57-300™/400 S7-300™ S7-400™ \ 4
Power ON [STOP->RUN[>T 0L RN | Execu;e 2os0l |
T p:ocess i | Process resgual scan cycle |

non-retentive M, T, C

v

| Delete PIQ (parameter-assignable) |

Execute OB 100

* Monitoring time
for restart
Output PIQ exceeded?
Enable outputs
Output PIQ
: Enable outputs
Read in PII |
C #—
Y v
C Execute OB1 | C Read in PlI |
L v Y \ 4
E Output PIQ | E Exec;te OB1 |
l
E output PIQ |
L
SIMATIC® S7 Date: 120303 @ SITRAIN Training for
File: PRO1_12E.4 1 Automation and Drives
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Complete Restart

(Warm) Restart

Cold Restart

The complete restart type of startup deletes the process images (PlI, PIQ) and
all non-retentive bit memories, timers and counters. Retentive bit memories,
timers and counters as well as the data blocks' current values are retained (only
with battery backup. With the S7-300™ even without battery backup if an
EPROM is used and the CPU's retentive behavior has been parameterized).

The program stored in OB 100 is executed once and then cyclic program
execution begins.

The restart type of startup retains the states of all addresses (bit memories,
timers, counters, process images, the data blocks' current values). The program
stored in OB 101 is executed once.

Then, program execution resumes from the point where the interruption
occurred (power off, CPU STOP). After this "residual cycle" has been executed,
the cyclic program execution begins.

The CPUs 318-2 and 417-4 also have the additional cold restart type of startup.
This type of startup can be set up for power recovery in the HW Config tool
when the CPU is parameterized.

The only difference between a cold restart and a complete restart is that in
addition to the process images, all bit memories, timers and counters (even the
retentive ones!) are deleted. As well, the data blocks' current values are
overwritten with the current values stored in the load memory or with those that
were originally downloaded with the data blocks to the CPU.
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Interrupting the Cyclic Program
Such as OB82 -
(Prio.26) = Error Such as OB10
handling. Executed in (Prio.2) = Time-of-
event of wire break at day interrupt.
a analog input PlW 352 — < Executed once a
. OB1 \_ minute from 9:30
is
ﬁ executed @
[ continu-
=R ously ... | o until it is interrupted
Such as OB20 (Prio.3) ﬂ’ by another OB
= Time-delay interrupt.
Execution starts 3.25s —
after a part is / OB No.| OB Type Priority
detected. Y, OB 1 | Cyclic program 1
OB 10 | Time-of-day interrupt | 2
OB 20 | Time-delay interrupt 3
OB 35 | Cyclic interrupt 12
OB 40 | Hardware interrupt 16
OB 82 | Error handling 26 /28
SIMATIC® S7 Date: 120303 @l SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_12E.5 Automation and Drives
OB Calls Organization blocks (OBs) are the interface between the CPU’s operating

Interrupting
the Cyclic Program

Priorities

system and the user program.

The operating system calls the organization blocks exclusively. There are
various start events (time-of-day interrupts, hardware interrupts - see slide) that
each lead to the start of their associated organization block.

When the operating system calls another OB, it interrupts the cyclic program
execution because OB1 has the lowest priority. Any other OB can therefore
interrupt the main program and execute its own program. Afterwards, OB1
resumes execution at the point of interruption.

If an OB with a higher priority than the one currently being executed is called,
the lower priority OB is interrupted after the current statement has been
completed. The operating system then saves the entire register stack for the
interrupted block. This register information is restored when the operating
system resumes execution of the interrupted block.

Every OB program execution can be interrupted by a higher priority event (OB)
at command boundaries. Priorities are graduated from 0 to 27, whereby 0 has
the lowest priority and 28 has the highest priority.

OBs of the same priority do not interrupt each other, but are started one after the
other in the sequence they are recognized.
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Properties - CPU 314 - (R0/S2) 5[

General | Startup I

Time-of-Diay [nterrupts

Pricrity Active Execution Start date Time of day  partition
OE10: |2_ W |Even day | [sootoz 1200 FEETRd
o1t 2 ™ |Mone ~| Joroisd Jonon fogrra ]
op1z 2 ™ |None =] Jotorss Joooo [FEER |
w1 2 ™ [hone ~] [mmss [oooo foBiPa x|
oBis 2 ™ None ~| Joroisd Jonon [FEER |
if:A1=0 F ™ [Nore ~| |onmss  Jonon fotes -]
ot [z ™ None | |ooiss  Jonon foBtes ]
oBi7. 2 I [T x| Jmorss Joooo R |

Time-of-Day Interrupt (OB10)

Cycle/Clack Memary I

Retentive Memorn I
| Cyclic Interupt

|nterupts
Diaghostics/Clock, I Protection I Communication

Process image

Cancel | Help |

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Time-of-Day
Interrupts

"Active"

Note

S7-400™

Date: 12.03.03

File: PRO1_12E.6
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Time-of-day interrupts are used for executing a certain program called in OB 10
(as an example) either once only at a certain time or periodically (once a minute,
hourly, daily, weekly, monthly, yearly) starting at that time.

Time-of-day interrupts are configured with the "HW Config" tool. To select when
and how OB10 is to be activated choose the menu options CPU -> Object
Properties ->-> “Time-of-Day Interrupts"” tab.

My _station (Configuration) — My_Project

PS5 307 54
) rre— Copy Chrl+C
4 DIZZDC24Y Paste ChrhH,
T
= AIEA12E : Add Master System
A e Disconnect Master System
3 Clock Synchranization
Delete Del
]
—————————————— GoTo 3
:I:I R Filter Assigned Modules
ETE =N Manitarodify.
o odule
1 PS5 307 54 Edit Symbolic Mames. .
2 CPU 314 Object Properties. Alb-+Return
3
T e Product Support Infarmation ChrHF2 I

If you check the "Active" checkbox, the time-of-day interrupt OB is executed on
every complete restart of the CPU.

System functions, at runtime, can also control time-of-day interrupts. The
following system functions are available:

SFC 28 "SET_TINT"  Set starting date, time and period
SFC 29 "CAN_TINT" Cancel time-of-day interrupt
 SFC30"ACT_TINT" Activate time-of-day interrupt

* SFC31"QRY_TINT" Query time-of-day interrupt.

There are up to eight different time-of-day interrupt OBs (OB 10 to 17) for the
S7-400™ PLC.
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Cyclic Interrupt (OB35)
Properties - CPU 314 - (R0O/52) ll
General | Startup | Cycle/Clack Memary | Retertive Memarny | Interrupts |
Time-of-Day Interrupts ~ Cwelic Intemupt | Disgnostics/Clock | Pratection | Commurication
Process image partition
Fricrity Execution [mz] Fhaze offzet [mz)
[EE0; I? IEDDD ID IDB'I-F‘A 'I
DEaT: IE IEDUEI ID IDB1-Pﬂ "I
npaz. |8 [EE [o [oetra =]
D33 |1E| IEDD ID IDB‘I-F'A 'I
DE34: |1‘I 200 ID IDB1-Pﬂ "I
OB35: |12 IEDDD ID IDB'I-F'!—‘« "I
DB3E: |13 IED ID IDB‘I-F'A vI
RUN OB35 OB35 OB35
Interval Interval Interval $=Prio 12
OB1 OoB1 |O B1| OBl | OBl OB1 OoB1 |O Bl [<¢=Prio 1
SIMATIC® S7 Date: 120803 @l SITRAIN Traiing for
File: PR01712E.7 Automation and Drives

Siemens AG 2003. All rights reserved.

Cyclic Interrupt

Starting Time

Interval

Note

S7-400™

Cyclic (watchdog) interrupts are used for executing blocks at fixed intervals. The
cyclic interrupt OB for the S7-300™ is OB 35.
The default call interval for OB 35 is 100ms. You can change this to a value
within the permitted range of 1ms to 1 minute.

When you activate a time-controlled interrupt, you specify the interval in relation
to the "starting time". The starting time begins every time the CPU mode
changes from STOP to RUN.

You must make sure that the interval you specify is longer than the time
required for execution. The operating system calls OB35 at the specified time. If
OB35 is still active at this time, the operating system calls OB80 (cyclic interrupt

error OB).

System functions at run time_cannot control cyclic interrupts.

There are up to nine different cyclic interrupt OBs (OB30 to 38) for the S7-400™

PLC.
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HW Config:
ontg
r N\
Analog input CPU
@module properties properties
Properties - AI8x12Bit - (RD/57) E x|
Analog InpUt module Genera\l Addresses  Inputs I
Enabl
A
ﬁ E ’7|_ Diagnostic Intenupt [+ Hardware Interrupt when Limit Excesded
0 E E E Irput [ 01 [ 23 [ 45 ]
0 o Diagnastics
Group Diagnostics: |: Properties - CPU 314 - (R0/52) x|
with Cheek for e Break: |: Time-of-Day Interupts | Cyelic Interupt I Diagnostics/Clock. | Pratection Communication |
Measuring Gereral | Statup | Cycle/Clock Memoy | Retentive Memory Interrupts
O O AR e e [~ ~Hardware Intermupts  Time-Delay Interupts ~Aspne. Enor Interupts—
M easuring Fange: IH" oY I_ Process
Pasition of Measuring (eSS image Privity:
]  image Priarity: .
Range Selection Module: [B] Priorite capition, pariion: oBet: lr
= oB2m: |3 OB1-P& = :
interference frequency IEU Hz I_ 0B40: OB1-FA ™ l_ opez [
——— ot [im [omies =) | [ oo o N
igger for Hardware Intermupt  Channel 0 Ch. B2z l5_ lm mEBE: 26
+27648 High Lirit Jeooo v T | |oeszfiel [oeies = 'l_ aoes B
.. Rfs = OB23: |6 OB1-P& = :
Upper limit Low Linit oo v [ |cesz s [GErea o
DE44: j20 OB1-FA ~
value o l_ I & Intemipts for DY osss |
Lower limit opd5 [A1| - [oeTes = iy oser [
0 value e4e: iz [oetEs -
T el | ness 24 (T P
: uBss; 21 usz [
ngs7: 24 og7z [0
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Hardware Interrupt

Example

S7-400™

Date: 12.03.03
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The program in a hardware interrupt OB (OB40) is executed as soon as a
certain event occurs.

Various module-specific signals can trigger hardware interrupts:

» For parameter-assignable signal modules (DI, DO, Al, AO) you use the
"HW Config" tool to specify the signal that is to trigger a hardware interrupt.

» Inthe case of CPs and FMs, you specify the interrupt characteristics using
the configuration software for the module concerned.

In the example above, suitable limit values have been configured for an analog
input module. If the measured value exceeds the limit, OB40 is called.

This has the same effect as including a comparison operation in OB1 which
causes an FB or FC to be called when the upper limit is reached. However, if
you use OB40 you don't need to write a program in another block.

You can use the program in OB40 for interrupt generation or for process control.

There are up to eight different hardware interrupt OBs (OB40 to 47) for the
S7-400™ PLC.
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Pricirity:

Properties - CPU 314 - (R0/S2) 5[
Time-of-Diay Interupts I Cyclic Interupt I Diagnostics/Clock, I Frotection I Communication |
General I Startup I Cycle/Clack Memary I Retentive Memorn Interrupts

— Hardware Intermupts
Procesz 5 Priority:

image
partitian:

OBE1:
0B40: [zira o]| | %% F- [oeres = -
DBM:F W DEZ:IT W OBB3;
oz [l [oEes | |PF - [oeree o]

Time-Delay Interrupt (OB20)

r Time-Delay Intermupts
FProcess

részpnc, Emor Intermupts ——;

Friorit: o ition:

FIR’?‘?-IR_ |nn1 (=] vi et

g4z 13
mE4d: [20
g5 [21
m84e [z
a4z 23

10.0 MO.1 SEC 32 M2.0
F—(P)—EN (SRT_DINT) ENO ()

20 —|OB_NR RET_VAL |— MWI10

T#500ms — | DTIME

W#16#01 —|SIGN

SIMATIC® S7
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Time-Delay
Interrupt

SFC 32

Note

S7-400™

SITRAIN Training for
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File: PRO1_12E.9

The program in a time-delay OB (OB20) is executed with a specified delay
after a certain event has occurred.

OB20 can only be activated by calling system function SFC32 (SRT_DINT).
SFC32 is also used for setting the delay time.

« OB_NR = OB number to be executed with a time delay.
- DTIME = Delay time (1 to 60000ms)
 SIGN = User-specified signal for starting the time-delay interrupt OB

» RET_VAL = Error code, if an error occurs during execution of the time-
delay interrupt OB (See online help for meanings of error
numbers).

In addition to SFC32, the following SFCs are also available for dealing with time-
delay interrupts:

* SFC33 (CAN_DINT) = Cancel time-delay interrupt
* SFC34 (QRY_DINT) = Query time-delay interrupt.

There are up to four different time-delay interrupt OBs (OB20 to 23) for the
S7-400™ PLC.
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The Diagnostic Interrupt and Asynchronous Error Interrupt
OB81 to 87) |
( HW Cg@flg:
r N
Analog_lnput module CPU
properties properties
Analog input module Properties - AI8x12Bit - (R0/57) x|
Genera\l Addresses  Inputs I
v
Enabl
’]_ Diagrostic Interupt [ Hardware [nterrupt \whe Limit Exceeded ‘
Input ‘ 0-1 | Propertie-EFU 314 - (R0/S2) : 3 x|
Bpiles Time-of Dap Interrupts | Cyolic Interupt | Diagnostios/Clock | Protect [ tion |
ime-of-DayInterupts | Cyolic Intemupl jagnostios/Clacl rotection | Communication
G';”E:‘GE:US:::S' Brosk E General | Statup | Cycle/Clock Memony Fistentive Mamory Inkertupts
il IBCK. or YWire break.
Fr—— - Hardware Intemupts ~ Time-Delay Intermupts ~Asyne. Error Intemupts—
Measuring Type: IEDMU I_ Process —_— ”F_r::;:ss Fioity:
Measuring Range: W I_ Fiiority Qa?ﬁt?nn 1o parttian: 0Bg1 IT
T g —— - oen: [z [oeiee
Fange Selecion Modde: ol os B [oores o R = e [
e i | mezifa [oevee x
interference frequency ISU Hz I_ 0pos: |5_ Im 0Ba3 25
— wpsz[ie|  [oBTRA =] : oeet B
nigger for Hardware Interupt — Chy, | 0 Ch. === [ I E -
High Limit I e I roZE FE T | Bl opss  [25
Low Limit: | m [ oear [z [oBiRs o o oBge. [
oess or] [oEteE =] i T
0K OB4E: [22 OR1-Pa, I '
o | DW_:; m efzlz=4 P a7 [
: o885 28] a7z |28
o5z [ o873 [0
Cancel Help |
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Asynchronous
Errors

Response

Note

Example

Asynchronous errors are faults in the PLC functionality. They occur
asynchronously to the execution of the program and cannot be traced to a
particular point in the program (such as a diagnostic interrupt from a module).

If a fault is detected in RUN mode and the relevant error OB has been
programmed, the OB is called and the program in it is executed. This program
could, for example, contain:

instructions for switching on a siren
instructions for data backup, followed by a STOP instruction

a program for recording the frequency with which the fault occurs, without
causing the CPU to go into STOP mode.

If the error OB for a particular fault is not present, the CPU automatically goes
into STOP mode.

Asynchronous error interrupt OB82 is called in the following situations, for
example:

wirebreak on a module with diagnostic capability
failure of the power supply to an analog input module

measuring range of an analog input module exceeded, etc.

SITRAIN Training for
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Asynchronous Error OBs

Type of error Example OB Priority
Time error Maximum scan cycle time exceeded OB80 26
Power supply fault Backup battery failure OB81
Diagnostic interrupt Wirebreak at input of diagnostics-capable OB8?2

module
Insert / remove Removal of a signal module during operation OB83
interrupt of an S7-400™
CPU hardware fault Incorrect signal level at the OB84

MPI interface
Program execution error Error in updating the process image OBS5

(module defective)
Rack fault Failure of an expansion device or a

DP slave OB
Communication error Error in reading message frame oB87 26 /28

SIMATI C® S7 Date: 12.03.03 zv‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_12E.11 Automation and Drives
Priority The error OBs called in response to asynchronous errors are executed immediately

because they have the highest priority of all interrupt and error OBs:

» Priority 26 if the error occurs while an OB with lower priority (<26) is being
executed

» Priority 28 if the error occurs while a startup OB (priority 27) is being executed.

SITRAIN Training for
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Synchronous Errors
Type of error Example OB Priority
A block that is not present in the
Programming error CPU is called in the program OB121
Same as that
of the OB
interrupted
A module that is either defective as a result of
or not present is addressed in the the error
(AEEEE BTl program (such as direct access to a QL2
non-existent 1/O module)
SIMATIC® S7 bate: 120303 @1 SITRAIN Training o
Siemens AG 2003. All rights reserved. File: PRO1_12E.12 Automation and Drives
Synchronous These errors can be traced to a particular point in the program, if the error occurred
Errors during execution of a particular statement. The error OBs called in response to

synchronous errors are executed as part of the program, with the same priority as
the block that was being executed when the error was detected.

SITRAIN Training for
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System Functions for Controlling Interrupt OBs
Organization block  Priority SFCs for .-
Eiibekin Niimber in S7-300™]| controlling OBs
Time-of-day interruptl OB 10 to 17 2 SFC 2810 31 HW Config alternative
Cyclic interrupt OB 30to 38 12 none
Time-delay interrupt | OB 20 to 23 3 SFC32to0 34 Mandatory
Hardware interrupt | OB 40 to 47 16 none
Diagnostic interrupt | OB 81 to 87 26 none
SIMATIC® S7 Dae: 120303 @il SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_12E.13 Automation and Drives
OBs You will find a complete list and a description of the error OBs in the online help:
LAD/STL/FBD Editor -> Help -> Contents -> Help on Blocks -> Help on
Organization Blocks.
SFCs The system functions and their uses, how to call them and assign parameters to

them are discussed in an advanced programming course.
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OB Start Information
L-Byte
0/1 Start event Consecutive number Management
information
2/3 Priority OB No.
4/5 Data formats of L-Bytes 8, 9, 10, 11 )
6/7 Additional info 1 (such as start address of interrupt module) Start
> ar
information
8/9 Additional info 2 (such as interrupt status)
10/11 || Additional info 3  (such as channel number) )
12 /13 Year Month
14 /15 Day Hours
> S_tart
16 /17 Minutes Seconds time
18 /19 1/10 Second, 1/100 Second 1 /1000 Second, Weekday )
Sl MATl C® S? ate: B4 SITRAIN Training for
Siemens AG 2003. Al rights reserved. E"eti . é%OOEIEfZE.M ‘!‘ Automation and Drives
Start Information You have a uniform system start information in the local data stack when the the

operating system calls the OB. This start information has a length of 20 bytes
and is available after the OB starts execution.

Access to The STEP 7 software makes a standard declaration table available for the
Start Information symbolic access to start information (example for OB 81).

Contents OF: 'Environment)Interface), TEMP'
i Interface [Mame Data Type Address Comment
[ TEMP = |OBB1_EV_CLASS 16#349 it ¢ 1, Entering state, Internal fault event
""" B OB&1_EY_CLASS ‘@ OB81_FLT_ID Biyte 1.0 16#:4, Fault identifcation code
""" = 0831 FLT ID ‘= 0B81_PRIORITY Byte 2.0 Priotity of OB Execution
:E g::i_g?%m;ra @ 0BE1_0B_NUMBR Byte 20 81 (Organization black 81, OBET)
..... = OBBI:RES_ERVED_I '® 0B31_RESERVED_1 Byte 4.0 Resered for systam
_____ @ 0B51_RESERVED 2 = 0B81_RESERYED_Z Byte a0 Resened for systemn
..... ‘B OBS1_MDL_ADDR = 0B31_MDL_ADDR Int 6.0 Address of bus interface module in rack with defective power supply
----- B 0B31_RESERYED_3 ‘= 0B81_RESERVED_3 Bryte 8.0 Reserved for system
----- &= OB31_RESERVED 4 ‘= 0B81_RESERVED_4 Bryte 9.0 Resered for system
""" B OB31_RESERVED S ‘= OB31_RESERVED_S Eryvte 10.0 Resered far system
""" = ORG1_RESERVED 6 = 0B81_RESERVED_6  |Byte 1.0 Reserved for systarn
""" ) 0B81_DATE_TIME @ 0B1_DATE_TIME Date_snd_Time  12.0 Date and time OB&1 started
Note You can change or supplement the standard declaration table.

The meanings of the variables are explained to you in the online help or in the
Standard and System Functions manual.

In the example, the variable OB8_FLT_ID contains an identifier, if and which
backup battery has failed.

SITRAIN Training for - ST-7PRO1
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Exercise: Displaying the Startup Type (OB100)
Q8/9...
DI DO 5 e |
10.0 | ¥ | T_System_ON % |0 ACTUAL quantity
101 | T_System OFF | sysTem| #* A 72
102 | % | T_jog RT LMAN | % | .2 07” AN
103 | Y | T_sogLT Lauto| ® | 3 (1]
10.4 \) S_M/A_ModeSelect * 4
105 | Y | T_MA Accept man.Rest| # | 5 QW 12/ QW 6
106 | ®© | oty/weight auto.Rest.| ® | .6 ASV..+15V e, A8V..+15V
10.7 | ® | Ack_Restart L @ @
120 | ® | 1_rault Rst s |0
111 ] S_Faultl LFautr| % | .1 AlL
112 | ® | s_Fau LFault2| % [ 2 SETPOINT quantity @
113 | Y | s Fauis L Fault3| # 3 O o o o
114 | o * |4 oslils 0|0 (ol o)
115 b ‘ 5 All Al2 AO1 AO2
11.6 | ® * |6 O o oo |0 ©|0
117 | ® v |7 IW 4 /IW 2
SIMATIC® S7 Date: 12.03.03 ‘ SITRAIN Training for
Siemens AG 2003. Al rights reserved. File: PRO1_12E.15 Automation and Drives
Noes: In the S7-300™ system, there is only the startup block OB 100 for manual as
well as automatic warm restart. If different program reactions are necessary
depending on the type of startup of the controller, then the corresponding start
information has to be evaluated in OB 100.
Start information example:
Depending of the type of startup, the operating system stores one of the
following identifiers in the OB100_STRTUP (BYTE) variable:
+ B#16#81 = manual warm restart
+ B#16#82 = automatic warm restart
Example of the evaluation of a manual warm restart:
L OB100_STRTUP // Load start info startup type
L B#16#81 /l Load ID for manual warm restart
== /I Compare for equality
= Q85 /[Display manual warm restart
You can find more information on OB-specific start information in the Online
Help.
Task: * You are to program OB 100 in such a way that a
manual warm restart is displayed through the simulator LED Q 8.5 (Q 4.5)
and an
automatic warm restart is displayed through the simulator LED Q 8.6
(Q 4.6)
* You are to be able to acknowledge (reset) both LEDs through the simulator
momentary contact switch "Ack_Rest." (1 0.7).
What To Do: 1. Perform a CPU memory reset, completely reload your program called
"My_Program" into the CPU and continue to work with it
2. Program the startup display in OB 100 according to the task. Program the

acknowledgement of the startup display in FC 15 where the operating
modes are programmed.

SITRAIN Training for
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Simulator

BCD
thumbwheel
button

Setpoint quantity
H = = =

0|2|5[1

IW4/1w 2

Exercise: Response to a Synchronous Error

of
itch- ::: RUN
switch-over | Synchronous error STOPA—- CI|(g)1rl]1tt
RUN-P !

CPU Program CPU Response...

...with OB121

: flashes
CPU314 :

srd— for
| moment
Enchronous error DC5V!
I cont.

RUN 4—' light
sTO

FC18 Tltle

........

@’
oo =BT ¢ Setpoint. ...W/O 08121
/[\ U 1 SIEMENS :
SF — cont.
Value at ' light

moment DC5V'

r
4
10
10
1

1

1

1

1

1

1

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Function

Task

What To Do

Result

Date: 12.03.03
File: PRO1_12E.16
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In FC 18, you programmed the counting of transported parts and the
comparison of the ACTUAL quantity with the SETPOINT quantity. You used the
BCD thumbwheel button to enter these numbers. To prevent the CPU from
going into the STOP state when you set the SETPOINT quantity, you loaded an
"empty" OB121 (error OB for synchronous errors) into the CPU.

A format conversion from BCD to INT is first of all carried out in FC 18 for the

necessary comparison function of the value read in with the BCD thumbwheel
button. Since the thumbwheel button "rebounds" when you set the SETPOINT
guantity and thus delivers non BCD digits, a "synchronous error” results at the
moment of switch-over in the format conversion from BCD to INT.

If the programmed error OB 121 has been downloaded into the CPU, the CPU
remains in the RUN mode despite the synchronous error. Programming an error
response (program) in OB 121 is not necessary. The error is, just the same,
indicated for a short time on the red LED of the CPU with a flashing and is also
entered in the diagnostic buffer.

If the programmed OB 121 has not been downloaded into the CPU, the CPU
switches to the STOP mode.

You are to check the described behavior of the CPU when a synchronous error
occurs with and without a programmed error OB 121.

1. Delete the OB 121 online in the CPU (if it exists).
SIMATIC® Manager -> Online view -> Delete block

2. Change the setting on the BCD thumbwheel button until the CPU goes into
the STOP state. Read the relavent error information from the diagnostic
buffer. Read the value the BCD thumbwheel button delivered the | STACK
(contents of Accumulator 1) at the moment of interruption.

3. Download the "empty" OB 121 into the CPU. Once again, change the setting
on the BCD thumbwheel button until an error is indicated on the CPU's
SF-LED.

With a programmed error OB, the CPU remains in RUN mode despite an error.

SITRAIN Training for
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Analog Value Processing

- High level
Level O .
transmitter %
————— Low level
\
A\

® . B4 SITRAIN Training for
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Objectives

Upon completion of this chapter the participant will ...
know the principle of analog value processing

be able to assign parameters to an analog module using the "HW
Config" tool and will be able to set the measuring range module that
belongs to the module to the correct position

be able to address an analog module
be able to interpret the resolution of a module

be able to evaluate the result of an analog module in the program

v -
SIMATI C® S7 Date: 12.03.03 ‘b‘ SITRAIN Training for
-
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Using Analog Modules
Process Analog input module CPU
Physical Standard
quantity analog signal Result
] memory
PIW ... :
O—> Z X > msdule- ADC [ f:'w'“ = |[L Piw 352
Sensor:  Transducer PIW ... :
¢ Pressure +500mV
e Temperaturg | =1V
* Flow + 5V
* Speed + 10V
¢ pH value + 20mA
« Viscosity 4 to 20mA
. etc. etc. Analog output module
- i PQW . :
Physical Analog PQW... |« I:
quantity < actuator DAC BN T PQW 368 |
PQW ... :
SIMATIC® S7 Daie: 120303 @ SITRAIN Training for
File: PRO1_13E.3 1 Automation and Drives

Siemens AG 2002. All rights reserved.

Principle

Sensor

Transducer

ADC

Result Memory

Analog Output

Analog Actuators

In a production process, there are a variety of physical quantities (such as
pressure, temperature, speed, rotational speed, pH value, and viscosity) that
need to be processed in the PLC for automation purposes.

Measuring sensors respond to changes in the quantity to be measured by such
things as linear expansion, angular ductability, and alteration of electrical
conductivity.

Measuring transducers convert these above-mentioned changes into standard
analog signals, such as: £ 500mV, + 10V, £ 20mA, 4 to 20mA.

These signals are supplied to the analog input modules.

Before these analog values can be processed in the CPU, they must be
converted to digital form. The ADC (Analog-to-Digital Converter) on the analog
input module handles this conversion.

The analog-to-digital conversion is performed sequentially. This means the
signals are converted for each analog input channel in turn.

The result of the conversion is stored in the result memory and remains there
until it is overwritten by a new value.

You can use the "L PIW..." load instruction to read the converted analog value.

The "T PQW..." transfer instruction is used to write the analog values the user
program calculated to an analog output module, where a DAC (Digital-to-Analog
Converter) converts them to standard analog signals.

The analog output signals are standard signals such as + 10V or 4 to 20mA.
You can connect the analog actuators directly to the analog output modules
without using converters.

SITRAIN Training for
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Measuring Range Module

v .
SI MATIC@ S7 Date: 12.03.03 ‘z‘ SITRAIN Training for

Siemens AG 2002. Al rights reserved. File: PRO1_13E.4 "™ Automation and Drives

Type of Measurement You set the type of measurement and the measuring range when you set coding
keys on the measuring range module.

Special modules without coding keys have different terminals for voltage and
current measurement. Thus, you set the type of measurement by wiring the
appropriate terminal.

Measuring Range The measuring range modules with their coding keys are located on the left-
Module hand side of the module. You must set them correctly before installing the
module.

The possible settings are "A", "B", "C" and "D".
The settings for the various types of measurement and measuring ranges are
printed on the module.

Channel Groups On some modules, several channels are grouped together to form a channel
group. In this case, the coding key setting applies to the whole channel group.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 4 Analog Value Processing
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UHW Config - [My_Station {Configuration) - My_Project] =]

[l Station Edit Insert FLC View Options Window Help =121xI

Analog Module Parameters

D|e(e-® %) & i @] %8 w2

= 0] R

raf—

PS5 307 5é - |
CPL 314 s

Properties - AI8x12Bit - (R0/57) ll

[] DI32«DC24y

[] DO32xDC24v/054

Genetall Addresses  Inputs |

[] DIs/DOGx24v/ 054

— Enable

(=3 F= o Fa Y S, I N

4 AlB128k ¥ Diagrostic Interupt W Hardware [ntermapt When Limit Exeeeded
it [ o0 | 23 | 45 | &7
F] | | Diagnostics
Group Diagnostics: l_ I I I
:I :| (0] UR with Check for 'wire Break: I r I I~
[ todule Order number Measuring
If IEEED EES7 307-1EAQG-0RAD =R e E E DMy R-a
CPU 314 EESY 314-1AE04-04E0 Measuring Rangs: +-10W +4- 80 mv 4. 20md, 150 ohm
Position of Measuring
BES7 321-1BLO0-0&A0 Fiange Selection Madule: [B] [&] [C] [4]
57 BLUU-_D’MU Iintegration tirme IZD ms |2D ms |2D ms |2EI ms
LA ?rigger for Hardware Interiupt  Channel 0 Channel 2
Double High Limit; W m
Click Lowa Limit: [ W ity
Press F1 ta get Help,
Cancel Help
L] L
SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
File: PROL 13E.5 &~ Automation and Drives
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Parameter
Assignment

Diagnostic interrupt

Hardware interrupt

Note:

The tool for assigning parameters to analog modules is HW Config. After
downloading from the programming device to the S7-400/300™, the parameters
are stored in the CPU. The CPU transfers these parameters to the relevant
analog modules. In addition, measuring range submodules may need to be set
to the required position.

In the RUN state of the CPU some of the parameters (dynamic parameters) can
be changed via SFC blocks. However, after a RUN->STOP, STOP->RUN
transition, the parameters created with HW Config come back into force.

The module triggers a diagnostic interrupt on the CPU when an error occurs.
Then an error information is entered in the diagnostic buffer and the CPU
immediately processes the program in Diagnostic Interrupt Organization Block
OB82. In this block, the user can program the necessary response to the error
that occurred.

Which errors an analog module can recognize depends on the module type.
Error examples:

» Configuration/parameter assignment error

» Short circuit to ground (only for output channels)

*  Wire break

» Missing load voltage L+ (not for Al 4x14 bit, Ex)

Modules that have the capability to detect hardware conditions can trigger a
hardware interrupt (OB40 to OB47). The module triggers a hardware interrupt
when a particular event occurs (such as exceeding a voltage limit on a channel
of an analog input module). Then the CPU immediately processes an interrupt
program that the user stores in one of OB40 to 47, to determine the response to
the event.

Only the first channel of a channel group can monitor the input value against the
assigned limit values.
The interrupts are enabled for the whole analog module.

SITRAIN Training for
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SM335 (Inputs) SM331
Properties - Al4/AD4x14/12Bit - (RO/ST) x| Properties - AI8x12Bit - (RO/ST) |
Genera\l Addresses  [nputs |Uulputs| Genelall Addresses  Inputs |
Enabl Enabl
’7'_ Dizgnostic Intermupt I™ Herdwar infernupt ot end of scan oyele ’]7 Diagnostic Intenupt [~ Hardware Intermupt When Limit Exceeded
Scan Cycle Time for 4/0 Conversion: |05 - | ms ‘ Input ‘ 0-1 | 2-3 | 4-5 ‘ B-7
Diagnostics
I [ o | o+ | 2 | = | G Disgrosics. [T [ F | F [T ]
gyl wihCheckforwieBresk: | T | T [ & [ T |
Group Diagnostics: ‘ r H r H r || r | Measuiing
with Check. for Wire Break: ‘ r H r H r ” r | Measuring Type: |E C I o I .
m— Messuring Range: (l*”UV B = =
N s [E £ a0 e (B8]
Measuring Rlange: [sr10v o0y J420me [4.20ma )
Position of Measuring Range = e el e |\nleg|al\on fime IZU e I . I = I =
Selection Moduls
election Module: \ A 2, Trigger for Hardware Intemipt  Channel0 Channel 2
Y Y High Limit: T
Low Linit T
Concel| | Hep Cancel Help
+H-1W v
+-25Y v v deactivated
0.,10% ; H- Gty waltage
T deactivated ! polisos
<:| E vahage +/- 250 mY 4DMU - current (4-wire transducer)
. +- 500 mY ZDMU current {2-wire transducer)
H-1Y R-4L  resistor (4-conductor terminal)
v +H-2.5v RT resistor (thermnal lin. )
+-5Y TC-I  thermocouple {int. comp.)
deactivated 1.5W TC-E  thermocouple (ext. comp.)
voltage TC-IL thermocouple {int. comp. linear.)
4DMU current TC-EL thermocouple (ext. comp. linear.)

SIMATIC® S7

Siemens AG 2002. All rights reserved.

Scan Cycle Time

Measuring Type

Measuring Range

Measuring Range
Sub-Module

Integration time /
Interference
frequency
suppression

Rule

SITRAIN Training for
Automation and Drives

Date:
File:

12.03.03

ol
PRO1_13E.6 <

The scan cycle time is the time it takes for the module to convert the analog
signal to a digital signal and transfer the digitized values to memory. The cycle
time is the sum of the conversion times of all activated analog input channels of
the analog input module.

The A/D conversion time consists of a basic conversion time and additional
processing times of the module for resistance measurement and wire-break
monitoring. The basic conversion time depends directly on the conversion
method (integrating method, successive approximation) of the analog input
channel. In the case of integrating conversion methods, the integration time has
a direct influence on the conversion time.

Click the field to display and select the available measurement types (voltage,
current...).

Click the field to display and select the available effective ranges for the
corresponding measurement type.

Ensure that the measuring range sub-module is inserted on the module in the
position shown.

Click the field to display and select the integration times or interference
frequency suppression. The module sets the interference frequency
suppression and resolution according to the selection made (that is, the
integration time).

If a channel group is not connected, select "Deactivated." The remaining input
values will then be updated in shorter time intervals.

SITRAIN Training for
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Analog Output Module

SM335 (Outputs) SM332
Properties - Al4,/AD4x14/12Bit - (R0/57) | Properties - AD8x12Bit - (RO/57) : x|
Genetall Addressasl Inputs  Dutputs I General | Addresses  Dutputs I
Enable r”ab'_ _ ‘
’7|_ Diagnostic Intermupt I~ Hard: ™" Diagnastic Interrupt
WD o | | = | o |
Output | 0 | 1 Diagnastics
Diaghostics Group Diagnostics: | r | | r || r | | r |
Group Diaghostics:
Output
Output:: Type of Output: |E |E [ li
Type of Qutput: KIE— IE_ Dutput Range: [+ 10w [+ 10w [4.20ma [---
Output Range: |+£-1DV C |+£-1DV Reaction to CPU-STOP: Jocy Jocv [ocv [---
Reaction to CPU-STOP: IUCV IUEV
Cancel Help |
|
Cancel Help
| v

4 ukputs have no current or volkage
ELY Keep last value

SIMATIC® S7

Siemens AG 2002. All rights reserved.

Type of Output

Output Range

Reaction to CPU
STOP

Warning

L] L
Date: 12.03.03 "‘ SITRA!N Training for
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Click the field to display and select the available output types (for example,
current).

» Tip: To ensure that there is no voltage at the unconnected output channels,
you should deactivate them (Type of Output: Deactivated) and leave them
open. This also reduces the scan cycle time.

Click the field to display and select the available output ranges for the selected
output type.

Select how the outputs are to react in the case of a CPU STOP (not all settings
are possible for every module):

» Switch to Substitute Value (SSV)

- The substitute value is set to "0” by default; that is, all outputs are switched
off. You can set the substitute values for each individual output in the
"Substitute value” line. The substitute values must lie within the rated range.

* Retain Last Value (RLV)

- If the module is to retain the last value output before the CPU enters the
STOP mode.

» Outputs Without Voltage or Current (OWVC)
- If the module is to switch off the outputs on CPU STOP (V/I = 0 VImA).

Make sure that the system is always in a safe state when substitute values are
output.

SITRAIN Training for
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Analog Value Representation and Measured Value Resolution
Bit no. min. units 151141312 |11|10| 9 (87 |6 |5|4[3]2]|1(O0
Bitvalue | Dec. |Hex. || VZ |214| 213|212 (211 210] 29 | 28 | 27 [ 26 | D5 24 | 23 | 22 | 21 | 20
8 | 128 | 80 i i i i i i i i *IolO0O|J]O]J]O|JO]|]O{fO
gfea|a [|[*|*[*|*[*[*|*|*|*[*FoBoBoBoRoRO
lo 32 20 * * * * * * * * * * * O O O O O
ReSO' * * * * * * * * * * * *
Mo 11| 16 10 0jJ]0]0(O
in t_)itS 12 ) ) * * * * * * * * * * * * *lololo
+ sign
13 4 4 * * * * * * * * * * * * * * O O
14 2 2 * * * * * * * * * * * * * * * O
15 l l * * * * * * * * * * * * * * * *
*1=0orl
Sl MATl C® S? ate: B4 SITRAIN Training for
E"et: ’ F%Iggfj%ES ‘!‘ Automation and Drives
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Representation

Resolution

Integration Time

Accuracy

Conversion Time

Analog values are represented as the two's complement.
The value is positive if bit No. 15=0 and negative if bit No.15=1.

If the resolution of an analog module is less than 15 bits, the analog value is
written into the accumulator left-justified. The unused less significant bit
positions are filled with "0"s.

The resolution is specified indirectly when you use the "HW Config" tool to
select an integration time.

The following table for the SM331 illustrates the relationship between integration
time, resolution and interference frequency suppression:

Integration time Resolution Interference frequency suppression
(ms) (in bits) (Hz)
25 9 + sign bit 400
16.6 12 + sign bit 60
20 12 + sign bit 50
100 14 + sign bit. 10

Resolutions of between 8 and 15 bits are possible, depending on the type of
module.

The conversion time depends on the conversion procedure used in the module
(integrating procedure or successive approximation).

The conversion times of the different modules are given in the S7-300™
manual.

Example: The SM344 has a conversion time of only 5 ms for all four input
channels.

SITRAIN Training for
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Analog Value Representation of Different Measuring Ranges
Voltage Current Resistance Temperature
such as: such as: such as: such as Pt100
Range
Meas.range| Units Meas.range| Units Meas.range| Units Meas.range Units
+ 10V 4 to 20mA 0...3000hm -200...+850°C
Overflow >=11.759 | 32767 >=22.815 | 32767 >=352.778 | 32767 >=1000.1 32767
Overrange 11.7589 | 32511 22.810 32511 352,767 | 32511 1000.0 10000
10.0004 | 27649 20,0005 | 27649 300.011 | 27649 850.1 8501
10.00 27648 20.000 27648 300.000 | 27648 850.0 8500
7.50 20736 16.000 20736 225.000 | 20736 : :
Rated range : : g : 5 5
-7.5 -20736 g ; g ; : ;
-10.00 -27648 4.000 0 0.000 0 -200.0 -2000
Underrange -10.0004 | - 27649 3.9995 o1 Negative | "1 -200.1 - 2001
~11.759 |-32512 11852 | -4864 ‘rqg't”es - 4864 -243.0 2430
Underflow <=-11.76 |-32768 | |<=1.1845 |-32768 possible [ 35768 | [ <=-2431 |-32768
SIMATI C® S7 Date: 12.03.03 zv‘ SITRAIN Training for

Siemens AG 2002. All rights reserved.

Voltage, Current
(Symmetrical)

Voltage, Current
(Asymmetrical)

Resistance

Temperature

File:

PRO1_13E.9

Encoding the symmetrical voltage or current ranges

e +80mV e 25V e +3.2mMA
e +250mV e 5V « +10mA
e +500 mV e 10V e« +20mMA
e 1V

results in a rated range of -27648 to +27648.

Encoding the asymmetrical voltage or current ranges

e QOto2V e« 0to20mA
e 1to5V e 4t020mA

results in a rated range of 0 to +27648.

Encoding the resistance ranges

e 0to 150 Ohm
 0to 300 Ohm
 0to 600 Ohm

results in a rated range of 0 to +27648.

Automation and Drives

Temperatures are measured with resistance thermometers or thermocouples.
Encoding results in a rated range of ten times the temperature range:

Sensor: Temperature range:
+ Pt100 -200 to + 850 °C
» Ni 100 -60 to +250°C
» Thermocouple type K -270to + 1372 °C
» Thermocouple type N -270 to + 1300 °C
» Thermocouple type J -210to + 1200 °C
» Thermocouple type E -270 to + 1000 °C

Rated range when encoded:

-2000 to + 8500
-600 to + 2500
-2700to + 13720
-2700 to + 13000
-2100 to + 12000
-2700 to + 10000.

SITRAIN Training for
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Analog Value Representation for the Analog Outputs
Voltage Current
Reticts Vi Output ranges: Output ranges:
0010V | 1to5V + 10V 0t020mA | 4t020mA| = 20mA
Overflow >=32767 0 0 0 0 0 0
Overrange 32511 11.7589 | 5.8794 11.7589 23.515 22.81 23.515
27649 10.0004 | 5.0002 10.0004 20.0007 | 20.005 20.0007
27648 10.0000 | 5.0000 10.0000 20.000 20.000 20.000
0 0 1.0000 0 0 4.000 0
Rated range | - 6912 2 0.9999 y 3.9995
- 6913 0 0
: 0 0
27648 100000 20,000
Underrange - 27649 -10.0004 -20.007
- 32512 -11.7589 -23515
Underflow <=- 32513 0 0
SIMATIC® S7 Date: 120803 @ SITRAIN Training for

Siemens AG 2002. All rights reserved.

Voltage, Current
Symmetrical

Voltage, Current
Asymmetrical

Overflow

File:

PRO1_13E.10
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For symmetrical voltage or current ranges, a rated range of
-27648 to +27648 is converted to:

e +10V
e +20mMA.

For asymmetrical voltage or current ranges, a rated range of
0 to +27648 is converted to:

« Otolov

e 1to5V

« 0to20mA
e 41to020mA.

If the value to be converted reaches the overflow range, the analog output
module is disabled (0V, OmA).

SITRAIN Training for

Automation and Drives
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Analog Module Addresses for the S7-300™
Properties - AI2x12Bit - (R0/57) 1'
Gemeral Addresses | Inputs I
It
Start: 304 Pracess image:
End: 307 I as 'l
Rack3 | Power| M 640 656 | 672 688 | 704 720 736 752
Supply
(Receive) to to to to to to to to
: 654 670 686 702 718 734 750 766
|
T
Rack 2 power | M 512 | 528 544 560 576 592 608 624
SuPPlY | (Receive)  to to to to to to to to
\ 526 542 558 574 590 606 622 638
|
T
Rack 1 Power IM 384 400 416 432 448 464 480 496
SUPPlY | (Receive)  to to to to to to to to
, 398 414 430 446 462 478 494 510
|
R | Power M | 256 | 272 288 304 320 336 352 368
o | SuePly| CPU | (Send) to to to to to to to to
270 286 302 318 334 350 366 382
Slot 2 3 4 5 6 7 8 9 10 11
SIMATI C® S7 Date: 12.03.03 zv‘ SITRAIN Training for

Siemens AG 2002. All rights reserved.

Address Area

Access

S7-400™

File:

PRO1_13E.11

Automation and Drives

The S7-300™ has special address areas for analog inputs and analog outputs.
These areas are separate from the process image input (PIl) and process image

output (PIQ) tables for digital modules.

Each address area extends from byte 256 to byte 767. Each analog channel
occupies 2 bytes.

By default, each analog module occupies 16 bytes of access area. Like the digital
Signal Modules, the slot location determines the starting byte number of the
module.

You use Load and Transfer instructions to access the analog modules.

Example: The statement "L PIW322" reads the second channel of the slot 8
module in rack 0.

On the S7-400™, the address area for the analog modules starts at byte 512.

SITRAIN Training for

Automation and Drives

Page 11
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Scaling Analog Input Values
m: Scale Analog Input Walue
FL105
.. —EN
PIN352 — IN
5.000000e+002 —HI_LIH RET_¥AL my10z
0. 000000e+000 = LO_LTH 00T =MD 104
MO.0 —BIPOLAR ENO (=
unipolar (M 0.0="0") bipolar (M 0.0 ="1")
(Sensor supplies only positive voltage) (Sensor also supplies negative voltage)
ouT ouT
A A
HI_LIM=5000{ HI_LIM=5000
1 1
1 1
1 * 1
1 1
1 1
A | |
K ! !
1 1
1 1
1 1
1 1
LO_LIM=0.0 b LO_LIM=0.0 b
X x+1 —» N ' 7 o1 —» IN
0 27648 -27648 0 27648
SIMATIC® S7 oI SN e
File: PRO1_13E.12 -

Siemens AG 2002. All rights reserved.

Examples

Resolution

Scaling

IN

LO_LIM, HI_LIM

ouT

BIPOLAR

RET VAL

The level of a tank, whose volume is 500 liters, is to be measured in liters.

Example A shows the scaling when a sensor is used that supplies a measured
voltage of OV when the tank is empty and a measured voltage of +10V when the
tank is full. Example B shows the scaling when a sensor is used that supplies a
measured voltage of -10V when the tank is empty and a measured voltage of
+10V when the tank is full.

In example B, the level is measured with twice the resolution or with half as
much measuring tolerance A, since the volume of the tank is scaled to the
greater units range of -27648 to +27648.

The analog module encrypts the voltage range of -10V to +10V in the value
range of -27648 to +27648. The conversion of this value range to the original
physical size (such as 01to 500 |) is called scaling.

The standard block FC 105 is used for scaling the analog value. FC 105 is
supplied with the STEP 7 software in the "Standard Library" in the "TI-S7
Converting Blocks" S7 program.

The analog value at input IN can be read in from the module directly or can be
passed from a data interface in INT format.

Inputs LO_LIM (low limit) and HI_LIM (high limit) are used for specifying the
limits of the basic physical size. In the example, a conversion to the range 0 to
500 liters is made.

The scaled value (physical size) is stored as a real number at output OUT
(LO_LIM <= OUT <= HI_LIM).

At input BIPOLAR you can specify as to whether only positive or also negative
values are to be converted. If an operand with the state "0” (unipolar) is passed
to the parameter, scaling is made for the range 0 to +27648. If the operand state
is “1” (bipolar), scaling is made for the range -27648 to +27648.

The output RET_VAL supplies the value 0 when execution is error free.

SITRAIN Training for

Automation and Drives

ST-7PRO1
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27648

®

unipolar (M 0.0="0")
(Actuator is energized
only with positive values)

0

m: Unscale Analog Output Value

Mlog ——
1.000000e+002 =
0.000000e+000 ==

M0.0 —

ouT

Unscaling Analog Output Values

FC106 bipolar (M 0.0 ="1")

(Actuator is energized with

EN positive and negative values)

IN

HI_LIM BET_VAL =Mw10z

LO_LIM 00T [=MITE0

BIPOLAR ENO

100.0
(HI_LIM)

0.0
(LO_LIM)

IN -27648 7

»
»

100.0
(HI_LIM)

SIMATIC® S7

Siemens AG 2002. All rights reserved.

Examples

Unscaling

IN
LO_LIM, HI_LIM

ouT
BIPOLAR

RET VAL

SITRAIN Training for

12.03.03 Ny N
Automation and Drives

PRO1_13E.13

Date:
File:

¥,
An analog value in the range 0.0 to 100.0% that is calculated by the user
program is converted (unscaled) with FC106 to the range 0 to +27648 (uni-
polar) or -27648 to +27648 (bipolar). When the unscaled value is output to an
analog output module, this module will energize the analog actuator (such as a
servo valve) with a value such as 0V to +10V (unipolar) or -10V to +10V
(bipolar).

Example A shows the scaling when an actuator is used that is to be energized
with the value 0 (OV or OmA) when the program value is 0% and is to be
energized with maximum value ( such as +10V or 20mA) when the program
value is 100%.

Example B shows the scaling when an actuator is used that is to be energized
with the minimum value (-10V or -20mA) when the program value is 0% and is
to be energized with the maximum value (such as +10V or 20mA) when the
program value is 100%.

A value calculated by the program - in the example shown a percentage - must
be converted (unscaled) to the value range of the analog output module.

The standard block FC 106 is used for unscaling. FC 106 is supplied with the
STEP 7 software in the "Standard Library" in the "TI-S7 Converting Blocks" S7
program.

The value calculated by the program must be passed in the REAL format.

Inputs LO_LIM (low limit) and HI_LIM (high limit) specify the limits for the
program value. In the example, this is the range 0.0% to 100.0%.

The unscaled value is output in the INT format at output OUT.

At input BIPOLAR you can specify as to whether only positive or also negative
values are to be converted. If an operand with the state "0” (unipolar) is passed
to the parameter, unscaling is made for the range 0 to +27648. If the operand
state is "1” (bipolar), unscaling is made for the range -27648 to +27648.

The output RET_VAL supplies the value 0 when execution is error free.

SITRAIN Training for

Automation and Drives

ST-7PRO1

Page 13 Analog Value Processing



SIEMENS

Exercise: Assigning Parameters to the Analog Module SM335
Properties - Al4,/AD4x14,/12Bit - (RD/ST) ll
Genetall Addresses  Inputs | Dutputsl
|
Enable Properties - Al4,/AD4x14,/12Bit - (R0,/S7) x|
v Diagnostic Intermipt
General I Addressesl Inputs-DLR%lSL
‘ Scan Cycle Time for &/D Conversion: |05 = q Enable
’7|7 Diagnostic Interupt I~ | Hardware interupt &t end of scan cycle
Input | ] |
Diagnostics Dutput | o | 1 | 2 | g |
Group Diagnostics: v |: Diagnostics
with Check for ‘Wire Break: r |: Group Diagnostics: | r || r || I_ || r |
Measuring Output:
Measuning Type: IE I_ Type of Output: I I I I
Measuning Fangs: |+.=’-‘IUV I_ Output Rangs: I I I |
Position of Measzuring Range
Selection Madule: (4] Fieaction to CPL-STOP: J--- J--- |--- J---
Cancel Help
v .
SIMATIC® S7 Date:  12.03.03 .;‘ SITRAIN Training for
Siemens AG 2002. All rights reserved. File: PRO1_13E.14 ~  Automation and Drives
Note Depending on which analog module is in your training unit, you are to do either

this exercise or the one on the following page.

Task You are to assign parameters to the analog module using the parameters shown
in the slide above

What To Do 1.

Use the HW Config tool to open your HW Station called "My _Station" .
SIMATIC® Manager -> Double-click the Hardware icon

Start the parameter assignment dialog box for the analog module. Select the
analog module and open the module's object properties window.
Edit -> Object Properties or Double-click the Analog Module entry

Assign parameters to the module by specifying the Measuring Type and the
Measuring Range for the Inputs as is indicated in the slide above. Activate
the Diagnostic Interrupt ( don‘t forget the check mark(s) for the individual
input channels in Group Diagnostics ! ). Since the output of the analog
values is not required in the following exercise, deactivate all Qutputs.

Save and compile the modified hardware configuration / parameter
assignment.
HW Config -> Station -> Save and compile

Download the modified system data to the CPU.
HW Config -> PLC -> Download...

SITRAIN Training for

Automation and Drives

ST-7PRO1
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Exercise: Assigning Parameters to the Analog Module SM331

Propetrties - AI8x128it - (RO/57) 5[

Generall Addresses  Inputs |
[ — ]

— Enable
v Diagnostic Interupt [ Hardware Interupt Whe Limit Exceeded

Input | o1 | 23 | a5 | &7

Diagnostics

Group Diagnostics:
with Check. for Wire Break:

Meazuring
Meazuring Type: E

Measuring Flange: +-10%

Position of Meazuring
Fange Selection Module:; [B]

integration time |2IJ ms | - I -

Trigger for Hardware Interupt  Chapnel 0 Chanrel 2

High Lirwit:
Lows Lirnit:
Cancel Help
SIMATIC® S7 bt 120303 @1 STRAIN Training for
Siemens AG 2002. All rights reserved. File: PRO1_13E.15 Automation and Drives
Note Depending on which analog module is in your training unit, you are to do either
this exercise or the one on the previous page.
Task You are to assign parameters to the analog module using the parameters shown
in the slide above
What To Do 1. Use the HW Config tool to open your HW Station called "My_Station".

SIMATIC® Manager -> Double-click on the Hardware icon

2. Start the parameter assignment dialog box for the analog module. Select the
analog input module and open the object properties window.
Edit -> Object Properties or Double-click Analog Module

3. Assign parameters to the module by specifying the Measuring Type and the
Measuring Range for the Inputs as is indicated in the slide above. Activate
the Diagnostic Interrupt ( don‘t forget the check mark(s) for the individual
input channels in Group Diagnostics ! ).

4. Save and compile the modified hardware configuration / parameter
assignment.
HW Config -> Station -> Save and compile

5. Download the modified system data to the CPU.
HW Config -> PLC -> Download...

SITRAIN Training for

Automation and Drives
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Exercise: Hardware Diagnostics with Dlagnostlc Interrupt

Hardware Diagnostics - Quick Yiew x| F&Module Information - A1zx12Bit | =10l %]
Path: IW Dparatmgmnde ofthe CPU: (@ 5TOP
Path: |My,Flo|ect\M5LSlat|on\EPU 144y _Program Status: #74 Enor
General | Diagnostc Interupt
CPU/Faulty Modules
oduo Tt Tor IERER Module Information. I Description: A121 2Bt System SIMATIC 300
éilEFu - - 02 Version e [ Version |
SM analog I 0 7 BES7 331-7KBO0-04B0
Rack: 0 Address: 1304
Open Station ONLINE sl
Update Status Faity module [diagnostic interrupt detected) =
¥ when diagnasing hardware, display Quick View /
Module Information - AIZ=12Bit =10 x|
o | { el Fath: [y ProjectMy_StalonsCRL 314 Operating mode of the CRU: @ STOR
Status: #%4 Enor
T T T TS ' NS i Genera Dagrostc e |
Dleslerl? [ @) o] wlw @)= 2] N Standard Disgnosis of the Modue
\Q; ﬂ Eutenal error
EN: CAETS S o et iy vokage
013240 C24Y
DO32:DC24Y/0.54
DI8/D0Sx24v/0.54 ‘
8 ]
= Channel-5 pecific Diagnosis [Channel No. 0 to M asimum];
| _"_I Channel no. ‘EHDI
ﬂ:‘ O UR
Slot Module 1. | .| Comment
1 PS 307 54 -
__&:Pu:«m
DI32xDC24Y 0.3
g%ﬁéﬁeﬁiﬁ%?f; . ;7 L Help on selected diagrostic rov: Display
L AI26128it 1304, ;I
— — . Cloze Update | Print... I Help I
Sli MATIC® S7 Date: 12.03.03 ‘v‘ SITRAIN Training for
Siemens AG 2002. All rights reserved. File: PRO1_13E.16 Automation and Drives
Task Your task is to initiate an analog input module diagnostic interrupt. You have
assigned parameters to your analog module and activated the diagnostic interrupt
in the previous exercise. Adjusting the simulator's analog input potentimeter will
initiate the diagnostic interrupt.
After the CPU has gone into the STOP state because of the diagnostic interrupt,
“"troubleshoot" the "error" that occurred with the Hardware Diagnostics test
function (see slide).
What To Do NOTE: Depending on the settings you made in the SIMATIC® Manager, you either
start with the Hardware Diagnostics Quick View or the complete Station View.
You can change the settings with
SIMATIC® Manager -> Options -> Customize -> View
1) Initiate a Diagnostic Interrupt
« Adjust, on the simulator, the analog input potentimeter until a system fault
occurs.
« Activate the Diagnose hardware test function.
SIMATIC® Manager -> PLC -> Hardware Dignostics
« Double-click the CPU entry or click on the Module Information button to view
the event entry in the diagnostic buffer.
« Double-click the analog module entry or select the analog module entry and
click on the Module Information button to view the diagnostic data.
SITRAIN Training for ST-7PRO1
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Simulator

All

A\Z AO1 -15V...+15V

@@

All

A

Weight 0 to 500kg

BCD Display

Weight Display

Exercise: Recording and Displaying the Weight of T nsported Parts

30.0|tenp Statl BOOL Stat 0 - Bit

[}
4\ PIW 352 ol
w/ (PlW 304) 0...27648 : (B35 : "Cyclic Intermupt”

: Hetwork 1: Title:

1

i 20.0ceap o Jiceo
: 22.0|teup Meas Value REAL
: A| modu |e 26.0|teup i liary DWORD
1

1

1

CIR
#5tatl

Hetwork 2: Read analog value and scale to weight in Ry

‘ T SCALE" |
L m D

"PIV_Analogl” - 10 RET_VAL ~Error

5.000000e+002 ~HI_LIK 0T pleas Valne
0,000000e+000 ~L0_LIK
#5tac0) —EBIPOLAR

;

DO module

|
|
! "3 Weight/Quant
1 208 Commod] =l )
W 6 EN ENO EN ENO
QwWe) [\ ! |
|
|
|

Display Amalog Value (Weight)

1
1
ras ! #lleas Value Flwiliary Fhwiliary "0V Digdisp"
for10.6 ="1 ! Bt -
1 |\ ____________________
‘v
Sli MATIC® S7 Date: 12.03.03 ‘ SITRAIN Training for
File: PRO1_13E.17 Automation and Drives

Siemens AG 2002. All rights reserved.

Display Function
Up Until Now

Task

What to Do

The number of transported parts is displayed on the BCD digital display. The
counting function and the display of the current quantity is programmed in FC
18.

The parts transported in AUTO mode are to be weighed at the Conveyor End
(light barrier). The current weight of 0 to 500kg can be set using the simulator
potentiometer (O to 10V).

When the simulator switch | 0.6 is switched on, the current weight (0 to 500kg) is
displayed on the BCD digital display. When the switch is switched off it shows
the current number of transported parts.

If the actual weight of the transported part is less than 100 kg., or more than 400
kg., it is considered a defective part. This part is not to be counted.

1. Assign parameters to the CPU so that the OB 35 organization block
(Cyclic Interrupt) is executed every 250ms.
HW Config -> Double-click on CPU -> Cyclic Interrupt

2. In OB 35, program the display and the control of the actual weight (limit
value monitoring using comparison functions).
- For scaling the analog measuring result in OB 35, call the TI-S7
Converting Block FC 105, which you copied from the library into your
project at the beginning of the course.

- Program the bit memory M 35.0 as the result of the weight check. Assign
the state of "1" to the bit memory, when the part's weight lies in the
required range. Assign the state "0," if it is a defective part.

- Transfer the scaled measuring result to the BCD digital display only when
simulator switch | 0.6 is switched on.

3. Gate the bit memory M35.0 in FC 18 so that defective parts are not counted.
Make the display of the quantity on the BCD display dependent of the
simulator switch | 0.6.

SITRAIN Training for

Automation and Drives
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Documenting, Saving, Archiving

SIMATIC® S7 bate: 120308 @1 STRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_14E.1 Automation and Drives
Contents Page
L0 o] =103 1Y SR RS 2
Overview of DOCUMENLAtION TOOIS ..ottt e sr e sre e n e e 3
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Objectives

Upon completion of this chapter the participant will ...

be familiar with the documentation possibilities for commenting
on blocks and be able to apply these

understand the "Manage Multilingual Texts" function for
projects

be able to print out documented programs

understand the memory concept of SIMATIC S7-300™/400™
and the resulting possibilities for program modifications

be able to make a "PLC Copy" (online data storage)

be able to load/read a program to/from a Flash EPROM
Memory Card

be able to archive/retrieve a project on/from a diskette

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Yy
Date: 12.03.03 "‘ SITRAIN Training for
File: PRO1_14E.2 . Automation and Drives
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Overview of Documentation Tools

@

)

(Z

0O 0O 0O 0O 0O O 0O 0O 0O O

Network title

Network comment
Statement comment
Program overview
Cross references
Assignment of I/Q/M/T/C
Checklists

Symbol table
Configuration

Network configuration

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Overview

Printer

DOCPRO

Date: 12.03.03
File: PRO1_14E.3

zv‘ SITRAIN Training for
‘= Automation and Drives

The slide shows the different documentation tools available. All the
documentation tools have a print function.

The printer used for documentation is the one installed under Windows. If you
want to use a different printer, you must set it up with the Windows Control

Panel.

The DOCPRO optional software is also available for superior documentation
and for writing wiring manuals.

SITRAIN Training for

Automation and Drives

Page 3
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Block Documentation

HEALAD/STL/FBD - [FC4 -- My_Project'My_Station',CPU 314]

i} File Edit Insert PLC Debug View Options ‘Window Help

I [=[
==l x|

Dl=(e-8] @] #|el|| ol el [a &) <P DR 2l 3ol =] w|

FC4 : Block Title up to 64 characters

Elock comment: To enter a comment, select menu options "View -» Display with -
Comment”. ¥ou hawve up to 64 kBEytes per Block for block and network comments.

m: Network Title up to 64 characters

HNetwork comment: To enter a comment, select menu options "View -»> Display with
> Comment™. You have up to 64 kEytes per Elock for block and network comments.

A "T_dystem ON" F4 Statement comment up to 160 characters
4/ Comment can also be inserted between the linezs

= "L_System” /4 LED for System ON

an "T_System OFF” £# dysten OFF

R "L_dystem” /¢ LED for System ON

-

.3 : Error : Info : Cross-references : Address info. : Madify : Diagnostics . Comparison
_'lel“ L3 1:E 2 Inif 3: Ci f 4: Add i B Modif E: Di. i 7. C i
Press F1 to get Help. 2 [offline |abs <52 [Mw 1 Lne Insert [Chg 2
SIMATIC® S7 bate: 120303 @1 SITRAIN Traiing o
Siemens AG 2003. Al rights reserved. File: PRO1_14E.4 Automation and Drives

Block Comments

block (OB, FC, FB).

Printing To start the Print function:

» Click the printer icon or
» Select the menu option File --> Print.

The slide above shows the different comment facilities available for a program

Print Setup You can change the printer settings by selecting the File --> Print Setup... menu
option.
Print 5etup EE B HP LaserJet 4000 Series PS5 Document Properties EHE
— Printer
Mamne; Froperties |
Faper Si;e:l @ Letter j
Status: Feady
Type: HP Lazeret 4000 Series PS Paper Source: I (] Automatically Select j
“Where:  LPTT:
Comment: Copy Eount:l'l 3: Copy
[1-539
— Paper Orientation — At
Size: ILetter j b & Portrait .
" Portrait " |Landscape " Rotated
Source: |Automaticall_l,l Select j ¢ Landscape
— Print on Both Sides [Duplex Printing)
Metwark... [l I C. |
&I anee * None " Shart Side " Long Side

— Color Appearance

% Gray Scale  Calor

Ok I Cancel |

SITRAI

N Training for

Automation and Drives Page 4
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A5 Margin

Legal 85"« 12"

Legal 85" % 12" Margin
Letter 85" x 11"

Letter 85" = 11" Margin

oK I Cancel Help

Page Setup

Labeling Fields

— Header

Left  [SIMATIC

Centerec‘{ﬂhiect}

Right: |{Date} {Time}

— Footer

Left: |

Centerec‘

Right: IF'age {Page} af {Tatal}

ak I D efault

Cancel Help

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Page Setup

Date: 12.03.03
File: PRO1_14E.5

zv‘ SITRAIN Training for

Automation and Drives

When you select the File --> Page Setup... menu option, a dialog box in which

you can select the print format (such as A4 Margin) appears.

Headers/Footers

In the SIMATIC® Manager you can set the headers and footers for the

documentation for an entire project with all the tools.

Select the File -> Labeling fields... menu option to display a dialog box for
entering text for the headers and footers.
Fields for printing out the current date of the printout, the page number, and the
name of the object are provided in the headers and footers (such as {Date}

{Time}, Page {Page}, {Object}).

SITRAIN Training for

Automation and Drives
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Print Preview

SIMATIC

My ProjectMy Station\ CPU 314%. .. FC2Z0 - <offline> 01/22/2003 9:20:24

FC20 -
"FC_Fault"
Name:

Futhor:

<offline

Time stamp Code:

Interface:
Lengths (block/logic/data): 00152 00048 00000

Evalustion of Faalts no memory
Family:

Yersion: 0.1

Block version: 2

10.01.2002 09:17:22

12.07.2000 14:24:45

Name Data Type | Address | Initial Value | Comment

IN 0.0
Disturbance_Input |Boal 0.0 FALSE
Acknowiedoe Boal 0.1 FALSE
Flash_frequency  |Bool 0.2 FALSE
out 20

Display Baool 20 FALSE
IN_OUT 4.0
Report_mMemary  |Bool 4.0 FALSE
Edge Mernory_Bit |Bool 4.1 FALSE
TEMP 0.0
RETURN 0.0

RET_WAL 0.0

[Brock: Fr20

[Hetwark: L

Disturbance ewvaluation

#Disturbance I

fEdye Memory B §Report Memory §Flash frecuen

TP it 5 F $lisplay
{ 3 ]
fackmowledge —R
#Disturbance T
$Report Memory gt
( {
Page 1 of 1
® nvY L

SIMATIC® S7 Date:  12.03.03 ." SITRAIN Training for
File: PRO1_14E.6 & Automation and Drives

Siemens AG 2003. All rights reserved.

Print Preview

Note

For a preview of what your printout will look like, select the File -> Print
Preview... menu option.

The appearance of LAD program printouts depends on the settings made under
the Options -> Customize -> LAD/FBD menu option in the LAD/STL/FBD editor.

Example: The setting for the length of the address field affects the number of
contacts that can appear side by side in the printout and the number of
characters of the symbol name that fit on a line above the contacts.

SITRAIN Training for

Automation and Drives
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Other Documentation Tools

Reference > | Program structure
data
j‘> Cross references
j‘> ﬁé?,\iﬂgr?/rgem of Unused addresses
__> Checklists Addresses without
symbols
Symbol table

Configuration

Network
configuration

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Reference Data

Symbol Table

Configuration

Network
Configuration

L] L
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If you print out the reference data it makes troubleshooting, in particular, easier.
You will find more information in the "Troubleshooting" chapter.

The symbol table contains the association between absolute address, symbol
names and symbol comments. See the "Symbols" chapter for more information.

Configuration data generated with the HW Config tool. The printout is in text
form. If you want a graphic printout, you can copy the graphics onto the
clipboard and then paste them in another program such as Winword and print it
out.

Displays in graphic form the stations of a networked system with the relevant
configuration data such as the MPI address.
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Managing Multilingual Project Documentation
QSIMATIE Manager - [My_Project -- C:4,57_Courses'My_Proje] - |I:I|1|
@ File Edit Insert PLC Wisw | Options ‘Window Help =121xI

0 |D~y| g?lﬁl 3 ||E| Customize... Ctrl+al+E o Filter » j V‘;,l %‘%ll %lElH
o —
% My, Project Tn.axt libraries = oHFCa
- My_Station Display language... L Ern R
E| CRU 714 Manage Mulkilingual Texks Expart. ..
=-{z7] My_Program » Import. ..
Rewiring...
(B Sources Run-Timge Propetties change Lanquage...
{£H Blocks i3 Delete Language. ..
[-{z1] Rewiingl Compare Blocks. .. Rearganize
= Fiewiring2 Reference Data 3 Settings for Comment Management. ..
-(&] Sources Define Global Data
{3 Blocks Corfigure Metwark
Simulate Maodules
Configure Process Monitoring
Set PGJPC Interface. ..
Manages user texts v

SIMATIC® S7
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Function

Export

Import

Change Language

Delete Language
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STEP 7 lets you multilingually manage the documentation (texts and comments)
created in a project. These can be exported from the project for translation
purposes and then later be reimported in the language in which they were
translated. The opportunity then exists to choose between different languages
for the documentation.

The following types of texts can be managed multilingually.
» Block titles and block comments

» Network titles and network comments

» Line comments from STL programs

» Comments from symbol tables, variable declaration tables, user-defined data
types and data blocks

« Comments, status names and so on, of blocks that were created with
engineering tools such as S7-GRAPH or S7-PDIAG.

The Export is carried out for all blocks and symbol tables that are located in the
selected object folder. For every text type (see above), an export file is
generated that can then be edited with EXCEL. This file contains a column with
the source text in the original language and a column in which the translated text
can be written.

During Import, the translated text is accepted into the selected project. The
translated text is only accepted if the original source text still exists.

For Change Language, all languages can be selected that were imported into
the project. The change is carried out for all selected object folders.

When you delete a language, all text in that language is deleted from the internal
data management.
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or

Copy program
from CPU to
Memory Card
(only S7-300™)

Project archiving
on Memory Card

Uploading the program
from the CPU to the
PG/PC (PLC copy)

Upload Station in the PG/PC « SIMATIC® Manager ->PLC -> Upload Station

Load program from
PG/PC to Memory Card...
... inserted in PG/ PC 2a.Use drag & drop to copy blocks to the "S7 Memory Card"

... inserted in CPU

Overview: Saving User Data

1. Create a new S7 program in the SIMATIC® Manager

2. Switch to the online view

3. Open the new S7 program and select the "Blocks" folder
4. SIMATIC® Manager -> PLC -> Upload

1. Open two windows in the SIMATIC® Manager:
"Blocks folder of the S7 program” and "S7 Memory Card"

2b. With the "Blocks" folder of an S7 program highlighted, select:
SIMATIC® Manager -> PLC -> Download user program to memory card

+ SIMATIC® Manager -> PLC -> Copy RAM to ROM...

1. Select the CPU on whose Memory Card the project data are to
be saved

(only S7-400™) 2. SIMATIC® Manager -> PLC -> Save Project on Memory Card
Project archiving 1. SIMATIC® Manager -> File -> Archive
on diskette 2. Select project to be archived
3. Specify name and storage path of the archive file and start function
4. In the Windows Explorer, copy the archive file onto diskette
Sli MATIC® S7 Date: 12.03.03 zv‘ SITRAIN Training for

Siemens AG 2003. All rights reserved.
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Uploading a Program With this function, you copy all blocks and the system data without
from CPU into PG/PC documentation (symbol table, variable and parameter names, comments) from

Upload Station
in PG/PC

Load Program
from PG/PC to
Memory Card

Copy Program
from CPU to
Memory Card

Archiving Project
on Memory Card

Archiving Project
on Diskette

the CPU into the selected program folder. The selected program folder then
contains a "PLC copy" with the current online program.

With this function, you load the PLC's "actual" hardware station as a new
station in the project. It is not possible to overwrite an already existing station.

You can load the blocks and system data from the blocks folder of an S7
program onto a memory card. You can insert the memory card in the interface
of the PG/PC or in the slot provided by the CPU if the CPU supports this
service.

If a user program is stored on a memory card, you can still make program
changes online. The modified blocks are stored in the internal RAM of the CPU,
while the unchanged block remains stored on the memory card. You can store
the modified blocks on the memory card with the Copy RAM to ROM function.

You save the entire data of the project (such as user programs with all
comments, symbol tables, and hardware configurations from all hardware
stations) on the memory card with the "Save Project on Memory Card" function.

With the "Archive Project " function, you save the complete data of the project
(such as user programs with all comments, symbol tables, and hardware
configurations from all hardware stations) in an archive file in compressed
format (such as *.zip or *.arj). The archive file is much smaller than the non-
archived project and you can move or copy the archive as often as you like with
the Windows Explorer.

SITRAIN Training for
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£9 File  Edit Insert

Uploading a Program from the CPU to the PG

QSIMATIE Manager - [My_Project -- C:457_Courses'My_Proje] - |I:I|1|

PLC Wiew Options ‘Window Help _|ﬁl|£|

Dliwl g?lﬁl Access Rights 3 J I < NoFiter > jv‘?l %‘%ll %lglm
W Download Chrl+L e o OE
= _My Station Compile and Download Objects o FE20 o FC1
= cruar dobad o FC15 3 FCI6
3D My Upload Station o FC17 L8
@ Copy RAM ko ROM, ., = FC20 & FC105
Download user program to memory card o DB2 o DB2
—-f§l] SIMATIC 3C
= Py gy Save ta Memary Card., 3 DE1S
=7 571 Retrieve From Memory Card. ..
@ Mamage M7 System. ..
..... ﬁ : :
[#-{z7] Rewiringl Display Accessible Nodes
o B CRUMesmages.. System data blocks
@ Blacks Display Force Yalues
Monitor/Modify Yariables
Diagnostic/Setting 3
PROFIBUS 3
Assign Ethernet Address...
Assign PEIPE
Cancel PGP assignment
lUpdate Operating Systen, ..
Uploads the current station configuration to the programming device, v

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Uploading a
Program from
CPU to PG

What to Do

Uploading a Station

L] L
Date: 12.03.03 "‘ SITRA!N Training for
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When you have completed the startup phase, you should have a copy of the
final version of the program on the hard disk of the PG.

The best way of doing this is to save the program with all its comments and
symbols on the hard disk before starting it up on the PLC. When you make
changes to the program, you should always save the modified blocks on the
hard disk immediately so that you don't lose the comments and symbols.

If the program is not on your PG, you can upload the blocks from the CPU. In
this case, the comments and symbols will be missing. Don't forget to upload the
system data blocks because they contain configuration and communication
data.

To upload an entire program from the CPU to the PG, carry out the following
steps:
+ Create a new S7 program in the SIMATIC® Manager

» Click the "Online" icon in the toolbar
» Open the S7 program and select the "Blocks" folder (user program)
e Select the PLC --> Upload menu option.

Note: The blocks are stored in the "Blocks" folder of the new S7 program on the
hard disk of the PG.

You can also upload an entire station and its program to the PG. The advantage
of this is that you can change the parameters of the hardware immediately.

What to do:
+ Create a new project using the SIMATIC® Manager.

» Select the PLC -> Upload Station menu option.

SITRAIN Training for
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Memory Concept of the S7-300™ until Oct. 2002 f g E E E
] o
Load memory: D E E E
Blocks:
- > * Logic blocks
1 (OB,FC,FB)
* Data blocks
|ﬁ| (DB) RAM Flash-
| Comments | Additional info. EPROM
/
| Symbols | Work memory:
Elock * OB,FC,FB
ocks:
* Logic blocks N ) EB:eten [ reten
(OB,FC,FB) el . . -
* Data blocks
(DB) with Power System memory:
ON without « Pll, PIQ
v battery ! M, T, C
backup 1‘]> n. retenl reten. .
With Power
Blocks: OFF without
* Logic blocks - battery
(OB,FC,FB) Retentive memary: backup
» Data blocks Flash EPROM * Retentive {}
(o) Memory Card in M, T,C
Additional info. PG/PC (inserted « Retent. data blocks
later in CPU)

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Load Memory

Work Memory

System Memory

Retentive Memory

Inserting a
Memory Card

oT0P
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The load memory is the internal memory used by the CPU which contains logic
blocks, data blocks, and additional information created on the programming
device.

The load memory can either be a plug-in memory card (EPROM) or an
integrated RAM.

The work memory (integrated RAM) contains the parts of the S7 program
relevant for running your program.

The RAM work memory is integrated in the CPU and is backed up by the
battery.

The system memory contains the memory areas for:
» Process image input and output tables  (PlII, PIQ)

» Bit memories (M)
* Timers (T)
» Counters (©)
e L stack (L).

The retentive memory is a non-volatile RAM used for backing up bit memories,
timers, counters and data blocks even if there is no backup battery. A Flash
EPROM Memory Card must be used to do this. You specify the areas to be
backed up when assigning the CPU'’s object parameters.

When you insert a memory card, the operating system requests a memory
reset. (STOP LED flashes slowly). You perform the memory reset by turning the
mode selector to the "MRES" position. The sections of the program relevant for
execution are then transferred from the memory card (with load memory
function) to the work memory.

You must leave the memory card inserted while the program is being executed.

SITRAIN Training for
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Loading Blocks into /out of Flash EPROM Memory Card

pu— OM"> %H Lload PROM
L'——\

After inserting
the memory
“Load” Load memory card:
> internal RAM memory reset
request
- — and copying
"Load in PG" ™ in work
Sections’ memory
relevant for
execution

Work memory
RAM

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Introduction

Insert / Remove

Power Failure

Changing the
Program

Loading the
Memory Card
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When you use a Flash EPROM card, it is possible to operate the CPU without
battery backup. The program is stored in the Flash EPROM, making it power failure
safe. You can define retentive areas in the HW Configuration.

In the S7-300™, the retentive data (timers, counters, bit memories, data areas) are
stored in a retentive memory area of the CPU (non-volatile RAM).

When you remove or insert a memory card, the CPU requests a memory reset.
When you insert a RAM card, the user program must be reloaded from the PG.
When you insert a Flash EPROM card, its contents are copied into the work
memory.

After a power failure without battery backup, the blocks are copied from the memory
card into the work memory and with the S7-300™, the retentive data are supplied
from the non-volatile RAM.

Data areas in DBs that were defined as retentive (only with the S7-300™), resume
the state they had before power failure. Non-retentive data areas are set to the
original values that are stored in the memory card.

When you make block corrections, the modified blocks are stored in the work

memory. When you upload the blocks into the PG, these are retrieved from the work

memory.

After a power failure (without battery), the work memory (RAM) is erased. So that

the corrected blocks are available once more after a return of power, they have to

be:

1. saved on the hard disk when you operate without Flash EPROM memory card,

2. saved on the hard disk or on a memory card when you operate with Flash
EPROM memory card.

You either transfer the blocks onto the memory card (inserted in the PG) through
the SIMATIC® Manager using drag and drop. Some CPUs allow you to write directly
to the CPU using the PLC -> Download user program to memory card menu option.
The memory card must be erased first.

Individual blocks can be reloaded but cannot be deleted or overwritten.
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Memory Concept of the S7-300™ as of Oct. 2002
= _ F o el
, Micro Memory Card 0 .H E E E
(CPU Load Memory) :
- > Blocks: " | E E E
0Tl * Logic blocks g
(OB,FC,FB)
| Comments |ﬁ| * Data blocks L
(bB)
| Symbols  System data
Block & Load
ocks:
» Logic blocks Work memory: Warm
(OB,FC,FB) Sections of the Power Restart
« Data blocks « logic blocks OFF after
(DB) \4 « data blocks P%"Kler
£:1 8C-P2877722 \_ relevant for execution
Blocks: System memory:
* Logic blocks * PIl, PIQ Power
(OB,FC,FB) * Local data OFE
» Data blocks Micro Memory Card retentive (&
(DB) in the PG *M,T,C ~
(inserted later in the n. reten.
CPU)
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Load Memory
Micro Memory Card
(MMC)

Work Memory

System Memory

Retentive

The Micro Memory Card (MMC) is used as the load memory of the CPU. It is
used to store logic and data blocks as well as the system data (hardware
configuration, communication connections etc.). The MMC contents are
retentive.

If a block or the entire user program is downloaded into the CPU from the PG,
the information is stored on the MMC. All block sections relevant for execution
are automatically copied into the work memory (RAM).

Itis only possible to load a block or the user program as well as operate
the CPU when the MMC is inserted!

A memory reset is required every time the MMC is pulled or inserted!

The work memory (RAM) is integrated on the CPU and only contains the parts
of the S7 program relevant for running your program (such as, only the current
values of the data blocks, not the initial values).

The system memory contains the memory areas for:

» Process image input and output tables  (PlII, PIQ)
* Bit memories M
» Timers (T)
» Counters (©
» Local data L)

All data that are saved in a power failure and/or which don't lose their contents
are considered retentive. This is all the work memory data as well as the bit
memories, timers and counters declared as retentive in the hardware
configuration.

Retentiveness is achieved in that the above-mentioned data are stored on the
MMC in a power failure and are written back to the RAM after a warm restart
when the power comes back on.
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Memory Concept of the S7-400™

Load memory:
Blocks: \

[01]

| Comments |

| Symbols |

Blocks:

* Logic blocks
(OB,FC,FB)

» Data blocks
(DB)

Blocks:

* Logic blocks
(OB,FC,FB)

» Data blocks
(DB)

Additional info.

> « Logic blocks

s ||
» Data blocks

|| (DB) RAM  Flash-
Additional info EPROM
/
Work memory:
- OB,FC,FB >
- DB
Backup
via
System memory: battery
* PII, PIQ

\/ « M,T,C

Flash EPROM
Memory Card in
PG/PC (inserted
later in CPU)
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Load Memory

Work Memory

System Memory

Memory Card

Inserting a
Memory Card

o1l
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The load memory can either be a plug-in memory card or integrated RAM. In the
S7-400™, the memory card (RAM or Flash EPROM) expands the internal load
memory. A memory card is always required for the S7-400™, since the internal
load memory only has a limited size.

The work memory contains only the data relevant at runtime.
The RAM work memory is integrated in the CPU and is backed up by the
battery.

The system memory contains the memory areas for:
» Process image input and output tables  (PlII, PIQ)
M

* Bit memories

* Timers (T)
» Counters (©)
e L stack (L).

When a RAM memory card is used, the system must be operated with a battey.
The battery backs up the data on the memory card and any internal RAM in
case of a power failure.

When a Flash EPROM memory card is used, the user program is stored in the
memory card making it power failure safe. The data found in the internal RAM
are backed up by the battery.

The "Restart" mode is possible only in a backed up system.

When you insert a memory card, the operating system requests a memory reset
(STOP LED flashes slowly). You perform the memory reset by turning the mode
selector to the "MRES" position. The sections of the program relevant for
execution are then transferred from the memory card (load memory) to the work
memory.

You must leave the memory card inserted while the program is being executed.
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Copying a Program onto a Memory Card

QSIMATIE Manager - 57 memory card - |I:I|1|
File Edit Insert PLC Yiew Options Window Help
D] 82|/ & |Ea(e| ol [o 25| =)t (= <NoFiler> 1% == =(=(m| |
EZMy_Project -- D:\S7_Projekte',My_Pro; ] ]
=~ by_Project Spstem data 3 OB1 i DB?E 4+ OB100
EI My_Station 3 OB121 3 FE20 3 FC1 3 FC4
= & CPU 314 3 FC15 3 FC16E o FC17 3 FC18
7] My_Pragram o3 FC20 o FC3 &3FC105 o DE2
i DBE3 o DB18 2140 Corveyor AYATT
P ' fining Exercise
SIMATIC 300(1) -
- Rewiringl
[#-{z7] Rewiring2
o x|

Press F1 ta get Help,

SIMATIC® S7
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Requirements

Delete

Copying

Note
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The memory card driver must be installed in the STEP 7 software. If not, click
the "Start" button and select Simatic® -> STEP 7 -> Memory Card Parameter
Assignment and install the driver. A "Memory Card" icon will appear in the
toolbar of the SIMATIC® Manager.

Remember: the memory card must be erased before you can copy your
program onto it.

Select: File -> S7 Memory Card -> Delete...

Next: open two windows in the SIMATIC® Manager:

»  One containing the user program you want to save

»  The other with the memory card (File -> S7 Memory Card -> Open)

You can only completely erase the memory card. It is not possible to delete or
overwrite individual blocks.

Select the "Blocks" folder (for all blocks) or select individual blocks from the
"Blocks" folder and drag them into the Memory Card window with the mouse.

With certain CPUs (such as CPU 416), you can also write the memory card in
the CPU. To do so, use the PLC -> Download user program to memory card
menu option.
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Function

Project Data
with / without
User Program

Area of Use

Note

With the functions "Save to Memory

Card..." and "Retrieve from Memory

Card...", you can save and retrieve the complete data of a project (user
programs with all comments, symbol tables, hardware configurations etc. from
all hardware stations) on a memory card. The memory card can be located in a
CPU or in the memory card programming slot of a PG or PC.

The project data are compressed before they are saved on the memory card
and are extracted when retrieved. The size of the project data to be saved
corresponds to the archive file size of the project. If the memory capacity of the
memory card is not sufficient a message will appear indicating so.

The project data contains - just like the archive of a project - basically all data

belonging to the project and all user
The user programs contained in the

programs of the CPUs.
project data can not be read by the CPUs

and thus cannot be executed. With the option "Load the user program also", the
executable user program is also stored in addition to the project data. This user
program is the one assigned to the CPU on which the memory card is inserted.

If several co-workers in the service and maintenance area have the job of
maintaining the SIMATIC® S7 PLC, it is difficult to quickly provide every worker
with the current project data for a service assignment. When the project data are
available locally in one of the CPUs to be maintained, every worker can access
the current project data and make changes, if necessary, which in turn are
current and available to all other workers.

The functions Save to Memory Card and Retrieve from Memory Card are
currently only possible with the S7-400™ system. They are being developed for
the S7-300™ system.
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Introduction

Explorer

If a project needs more than 1.44 MB of memory, you can still save it on diskette
by archiving (compressing) it first.

You can find out the size of a project in the Explorer by:
 right clicking on the project folder and choosing "Properties" or

» selecting the project folder and then choosing the
File -> Properties menu option.

In both cases the "Properties" window opens.
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Archiving on Diskette
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Introduction

Archiving

Retrieving

Since the data in a project can take up a lot of memory space and might not fit onto
a diskette, an archive function is provided.

This archive function compresses the data so that it only takes up approximately
1/8 of its original amount of memory. It uses the normal file compression utilities,
such as PKZIP, ARJ, LHARC, RAR or WINZIP. One of these programs must first
be installed on the PG/PC. If you want to use long file names for the projects, you
will need PKZIP, WinZip or RAR.

The ARJ and PKZIP file compression utilities are supplied with STEP 7.

You set the path for the archive program by selecting the Options -> Customize ->
Archive menu options in the SIMATIC® Manager.

The project to be archived must be closed in the SIMATIC® Manager.

Select the File --> Archive... menu option.

Select the project to be archived in the dialog window and acknowledge "OK".

Select the "Save in:" path and "File name" in the next dialog box and "Save".

In the last dialog box, Archive - Options, you can choose between the following

options:

- Archive That Goes across Diskettes =  Split the archive file onto several
diskettes or not

Only the files with the ACR attribute
(STEPY files) are archived.

- Reset Archive Bit = Archive only the files that have been
changed since the last archive.

Compare the files to be archived
(only for ARJ)

- Incremental Archiving

- Check Consistency

» Select the File -> Retrieve... menu option.

+ Select the "Look in: " location where the archived file is stored and select the
"File name" of the archived file and "Open".

» Inthe next dialog box, select the destination directory and "OK".

» Use the last dialog box to select options for overwriting and restoring the
storage path.
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File:
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You are to archive your project called "My _Project" so that you can then save it

on a diskette.

Only closed projects can be archived. Before you start the archiving function,
you must make sure that neither the SIMATIC® Manager nor any other
applications (such as LAD/FBD/STL Editor, Symbol Editor, HW Config) are

accessing the project to be archived.

1. Close the project that you want to archive

2. Start the archive function from the SIMATIC® Manager
File -> Archive... From the "User projects" tab, select the Project and
acknowledge "OK"

3. In the following dialogs, select the project to be archived as well as the File
name, the Save in and the Save as type (*.zip, *.arj, etc.) settings if the
archive file

4. Using the Windows Explorer™, check the success of your archive and
compare the size (memory requirement) of the original project with that of
the archive created
Windows Explorer -> right mouse click on Archive or Project -> Properties
-> Size

5. Option:

Copy the project archive onto a diskette
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Objectives

Upon completion of this chapter the participant will ...
know the subnets of the SIMATIC® world
be familiar with the S7 communication methods

be able to configure a global data communication

N
SIMATIC@ S7 Date: 12.03.03 !;‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_15E.2 =  Automation and Drives
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To meet the different communication requirements at cell level (non-time-
critical) and field level (time-critical) SIEMENS offers the following subnets.

The MPI subnet is designed for use at the cell level. MPI is the multipoint
interface in SIMATIC® S7, and C7.

The MPI is basically a PG interface, that is, it is designed for the connection of
PGs (for startup and testing) and OPs (human-machine interface). The MPI
subnet can, however, also be used for networking a small number of CPUs.

Industrial Ethernet is the network for the plant management and cell levels in the
SIMATIC® open, manufacturer-independent communication system.

Industrial Ethernet is designed for non-time-critical transmission of large
guantities of data and uses gateways to provide facilities for connection to
remote networks.

PROFIBUS is the network for the cell and field levels in the SIMATIC® open,
manufacturer-independent communication system. There are two versions:

» PROFIBUS is for non-time-critical communication between equal, intelligent
nodes at cell level.

» PROFIBUS DP is the fieldbus for time-critical, cyclic data exchange
between intelligent masters and field devices.

Point-to-point connections are primarily used for non-time-critical data
exchange between two stations or for connecting devices such as OPs, printers,
bar code scanners, magnetic stripe ID card readers, etc. to a station.

The Actuator-Sensor-Interface is a subnet for the lowest process level in an
automation system. The AS Interface enables binary sensors and actuators to
be networked.
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S7 Communication Methods
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Global Data This communication method enables data to be exchanged between
CPUs cyclically with the MPI interface without programming. Data is
exchanged at the scan cycle checkpoint when the process image is
updated. On the S7-400™, data exchange can also be initiated using
SFCs.

Global data can be inputs, outputs, bit memories, timers, counters and
data block areas.

Data communication is not programmed, but configured by means of a
global data table. None of the connections on the CPU need to be used for
global data communication.

Basic This communication method can be used with all S7-300™/400™ CPUs
Communication for transmitting data with the MPI subnet or within a station on its K bus.
System functions (SFCs), such as X_SEND at the Send end and X_RCV
at the Receive end, are called in the user program.
The maximum amount of user data is 76 bytes.
When the system function is called, a connection to the communication
partner is established and cleared dynamically. One free connection is
required on the CPU.

Extended You can use this communication method with all S7-400™ CPUs. Up to

Communication 64KBytes of data can be transmitted with any subnet (MPI, Profibus,
Industrial Ethernet). This transmission is done with system functions
(SFBs), which also allow communication with acknowledgement. Data can
also be read from or written to an S7-300™ (PUT/GET blocks).
You can not only transfer data, but also perform control functions, like Stop
or Start, on the communication partner. Configured connections
(connection table) are required for communication by this method. These
connections are established on a complete restart of the station and
usually remain in force. Free connections on the CPU are necessary for
this.

SITRAIN Training for ~ ST-7PRO1
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Networking with MPI
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Introduction Every programming device has an MPI interface.
The MPI interface of the CPU enables all intelligent modules in a PLC to be
accessed, for example, the function modules of a station.

Each MPI node needs its own MPI address (between 0 and 126, the default
settings are PG=0, OP/TD=1, and CPUs=2).
In the S7-300™, the MPI bus is looped through on the K bus on a one-to-one

basis. This means that every node on the K bus (FMs and CPs) in the S7-300™
rack is also an MPI node and needs to have its own MPI address.

In the S7-400™, communication frames are converted for the internal K bus
(10.5 Mbps) via the MPI (187.5 Kbps). In an S7-400™ rack, only the CPU has
its own MPI address. The other intelligent modules, such as FMs and CPs, do
not have a separate MPI number.

Connection The main advantage is that several devices can establish a communication link
Facilities with the CPU at the same time.
This means, for example, that a programming device, an HMI device and a link
with another PLC can be in operation at the same time.

The MPI interface also makes it possible to create a network in which a network
administrator has central access with a PG to all the intelligent modules in the
stations connected.

The number of channels for connection to other communication partners that
can be used at the same time depends on the type of CPU. For example, the
CPU 314 has four connection resources and the CPU 416 has sixty-four.

Features Main features of the MPI interface:
* RS 485 physics
» Transmission rate 19.2 Kbps or 187.5 Kbps or 1.5 Mbps

» Distances up to 50 m (between 2 neighboring nodes) and with two repeaters,
1100 m and 23.8 km with optical fiber and star coupler.

» Profibus components (cables, connectors)

SITRAIN Training for - ST-7PRO1
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Connection Options to MPI
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Connectors

Requirements

Two types of connector are available for installing an MPI bus system.

The connector with PG socket shown on the left is the standard connector used
for linking MPI nodes with one another, while also enabling a PG to be
connected at the same time.

The connector without PG socket shown on the right is used where facilities for
connecting a PG are not necessary.

On the last bus node, you must replace the outgoing bus cable by a terminating
resistor.

To connect a programming device/PC to the MPI interface of the PLC, you
need:

* an MPI module in the PG/PC and a connecting cable

» aPC adapter (a connecting cable with integral MPI converter, if there is no
free slot in the PG/PC ). The PC adapter has the following specifications:

- Length5m
- Transmission rate up to adapter 187.5 Kbps
Adapter to PG 19.2 or 38.4 Kbps (adjustable)
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Global Network
Data

Configuring

GD Packet

GD Circle

In SIMATIC® S7, global data communication allows you to establish
communication between distributed PLCs without having to write a single extra
line in your user program.

Communication using global data is not programmed but configured. The
configuration for data exchange is stored in a table.

Global data communication can take place between up to 15 CPUs within a
project. Global data communication is designed for small quantities of data which
are normally transmitted cyclically.

The S7-400™ CPUs also allow program-controlled and therefore also event-
driven data transfer.

You configure data communication with the "Defining Global Data" tool.

First of all, you open the Global Data Table and assign the columns of the table
to the CPUs that are going to exchange data.

In the lines of the table you then define the variables to be exchanged. Almost all
CPU address areas (apart from external inputs and outputs and temporary data)
can be used as variables, such as bit memories, inputs, outputs, timers, counters
and areas in data blocks.

Global data, that is, variables with the same sender/receiver, can be collected in
a GD (Global Data) packet and sent together. Each GD packet is identified by a
GD packet number. The variables within a packet are identified by variable
numbers.

The CPUs participating in the exchange of GD packets make up a GD circle.
Each GD circle is identified by a GD circle number.
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What is a GD Circle? A GD circle is a fixed distribution list for GD packets. Each CPU in a global data
circle can send data to the other CPUs or receive data from another CPU.
Types of GD circle:

« Global data circle with more than two CPUs. One CPU is then the sender
of a data packet and all the other CPUs in the GD circle are receivers.

« Global data circle with two CPUs. Each CPU can both send a data packet
to the other CPU and receive a data packet from the other CPU.

Number of Each CPU of an S7-300™ can be in up to four different GD circles.

GD Circles Up to 15 CPUs can exchange data via GD communication in one MPI network.
Example of The diagram above shows an example to illustrate the principle of

a GD Circle communication in GD circles.

Below is an example of the numbering of a GD circle.

Mumbering of the data to be

sent in a packet

50 packet number

GO circle number

SITRAIN Training for ~ ST-7PRO1
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Global Data: Configuration Procedure

O Create hardware stations in a project
O with the "SIMATIC® Manager"

a Create and download configuration data (MPI address)
for the individual CPUs

O with the "HW Config" tool

a Configure Global Data table
O with the "Defining Global Data" tool

SIMATIC® S7

Siemens AG 2003. All rights reserved.
Creating Hardware
Stations

Setting the MPI
Address

Networking

Creating the
GD Table

Volume of Data
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First of all you must create the stations that you want to network in a project
using the SIMATIC® Manager. When you have done this, open the HW Config
tool and open the stations one after the other.

When configuring the hardware, you must explicitly define the CPUs to be
networked with an MPI as "Networked" and assign each of them their own MPI
node address.

Save your CPU parameters on the hard disk and then download the
configuration data to each CPU separately (point-to-point) ("PLC -> Download").

You then link up the MPI nodes with Profibus cables. When you have done this,
it should be possible to establish an online connection to all the CPUs. You can
test this with the "Accessible Nodes" function in the SIMATIC® Manager.

You use the "Defining Global Data" tool to create a global data table in which
you define the data to be exchanged. You then compile the table twice and
download the relevant configuration data to the CPUs.

S7-300™:0ne CPU can be in up to four GD circles.
A CPU can send one packet and receive one packet maximum per
GD circle.
A maximum of 22 data bytes can be transferred with one packet.

S7-400™:0ne CPU can be in up to 16 GD circles.
A CPU can send one packet and receive two packets maximum per
GD circle.
A maximum of 54 data bytes can be transferred with one packet.
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What To Do

MPI Address of PG

To configure the hardware for global data communication you must carry out the
following steps:

1. A STEP 7 project must already have been created with the SIMATIC®
Manager.

2. An MPI network object must be created in this project and assigned
parameters. An MPI network object is automatically created when you
create a new S7 project.

3. Configure at least two GD-capable modules in the project (such as
S7 CPUs).

When configuring the CPUs with the "HW Config" tool, explicitly define each
CPU as "Networked" (see above) and assign it its own MPI address.

4. Download the configuration data you have entered to each CPU separately.
Physically link up the CPU modules with network cables.

6. Use the SIMATIC® Manager "Accessible Nodes" function to check that you
have networked the stations correctly

o

If several PGs are to be connected to the MPI network, then each PG must be
given its own MPI address. Use the "Simatic® -> STEP 7 -> Setting the PG/PC
Interface" program to set the address.
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Overview

Opening the
GD Table

Filling in the
GD Table

The GD table is where you enter the CPUs that are going to exchange data and
the address areas of the data to be exchanged.
You can also specify the scan rate and a doubleword for the status information.

Open the GD table as follows:

1. Open your project and select the MPI network object.

2. Select the Options -> Define Global Data menu option. A new GD table is
then generated, or an existing GD table is opened.

You must enter the address areas to be used in a separate column for
each CPU taking part in GD communication. You do this as follows:

1. First assign each column of the table to a CPU by clicking the column
header with the mouse to select it. Choose the Edit -> CPU menu option.

2. Select the CPU you want in the dialog box that appears and confirm with
"OK".

3. Enter the global data to be transferred in the lines beneath. You can
select Edit mode for the individual cells of the table with the F2 key.

You can enter a replication factor for the variables to specify transfer of a
whole section of data. In the example above: 20 bytes starting from DBBO of
DB100 (Station_3).

4. Define a sender in each line of the GD table by selecting the relevant cell.
Click the icon for "Select as Sender" in the toolbar.
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Compiling the You can now compile configuration data from the information you have entered

GD Table in the GD table. The configuration data is generated in two phases:

» Start the first compilation by selecting the GD Table -> Compile menu option.
The first time you compile the GD table, the individual variables are
put into packets and the relevant GD circles are created.
The relevant GD circle number, packet number and variable number are
displayed in the first column:
GD11.1 1st variable in the 1st packet of the 1st GD circle
GD 121 1st variable in the 2nd packet of the 1st GD circle
GD m.3.n  nthvariable in the 3rd packet of the mth GD circle

» After the first compilation, that is, when the GD circles and packets have
been created, you can define different scan rates or variables for storing
status information for the individual packets.

* You must then start the compiler again to include the information about the
scan rates and storage of the status information in the configuration data.

Scan Rates You can use the View -> Scan Rates menu option to select a different value
(from 1 to 255 for the sender and 1 to 255 for the receiver, 0 for purely event-
driven send and receive communication on the S7-400™),

Status If you want to be notified whether the data has been transferred with or without
errors, you can specify a doubleword for the status information for each data
packet by selecting the View -> GD Status menu option. The CPU’s operating
system will then enter checkback information in this doubleword.

SITRAIN Training for ST-7PRO1
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Downloading GD Configuration Data
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Downloading When you have compiled the configuration data for the second time, you can
the GD Table download it to the CPUs as follows :
1. Switch all the CPUs involved to the STOP mode.
2. Select the PLC -> Download to Module menu option to transfer the data.
3. When you have successfully downloaded the configuration data, switch the
CPUs involved back to RUN mode.
Cyclic exchange of global data starts automatically.
GD Exchange Global data is exchanged as follows:
» The sending CPU sends the global data at the end of a cycle.
» The receiving CPU transfers the data from the communication part of a CPU
to the S7 address area at the beginning of a cycle.
You can specify a scan rate to set the number of scan cycles to elapse before
the data is sent or received.
Scan cycle checkpoint
Receive GD
PIl
[
{} OB1 Cyclic program execution
|
PIQ
Send GD
SITRAIN Training for ST-7PRO1
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Status of GD Communication

7 e MD 120

MB 120 \ MB 121 MB 122 MB 123

N
dREE a0 [ EMEEEEE - HEEEEE

Range length error
in sender

DB does not exist
in sender

GD packet lost

v Syntax error in GD packet

v GD object missing in GD packet

GD objects in sender and receiver
v are not the same length

s Range length error in receiver

A
DB does not exist in receiver

v v
Receiver has received new data Sender has performed a restart
Sli MATIC® S7 Date: 12.03.03 3" SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_15E.14 WY Automation and Drives
Status Indication You can specify a status doubleword for each GD packet for each CPU

"involved". Status doublewords have the "GDS" identifier in the table.

Status Doubleword  If you assign the status doubleword (GDS) to a CPU address (such as MD 120),
Evaluation you can evaluate the status in the user program or on the PG.

Structure of the The GD status doubleword is bit-oriented. The diagram shows the meanings of
Status Doubleword the bits if they are set. A bit remains set until the user program or a PG input
resets the bit.

Bits that are not labeled are not used and have no meaning at present.

The GD status information requires a doubleword in memory. To make this
easier to understand, MD 120 is used in the illustration.

Group Status STEP 7 provides group status information (GST) for all GD packets.

This group status information, which is also stored in a doubleword with the
same structure as the status doubleword (GDS), is the result obtained by
OR-ing all the status words.

SITRAIN Training for ~ ST-7PRO1
Automation and Drives Page 14 Communication with MPI
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Exercise: Preparing for Communication

Training area 1

ESIMATIE Manager - [GD_Eummunil:: - |EI|£|
Station 1 % File Edit Insert PLC “iew Opkions ‘Window Help _|5’|1|
|
y I
% GD_Communication S7 Program(1]
- Station [ Connections
= (8 EEEE
El-{=2] 57 Program{1)
CPU-MPI (Bl Sources
address: 4 ‘(g Blocks
PG-MPI address: 3 S Statior2
= cPu e
L. [=+{z2] 57 Pragram(1)
Training area 2 - {E) Sources
“{gg Blocks
-[ff] Station3
Station 2
r
Press F1 to get Help, 2
CPU-MPI
address: 6

PG-MPI address: 5

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Task

Note

What To Do

Result

SITRAIN Training for

ol
Date: 12.03.03
‘! Automation and Drives

File: PRO1_15E.15

To prepare for the global data communication between two stations, you have to
physically network two training controllers with one another using a Profibus
cable (see slide). Moreover, every training group creates the new project "GD_
Communication" with the hardware stations "Station1" and "Station2" that
represent the two networked training controllers.

Before you connect the two controllers with one another through the Profibus
cable, you have to define the MPI addresses shown in the slide !!! Make the
necessary decisions with the partner group.

The following steps have to be carried out by each training group:
1. Perform a CPU memory reset
2. Create the new project called "GD_Communication"

3. Load your hardware station into the newly created project
SIMATIC® Manager -> PLC -> Upload Station

4. Define the MPI address of the CPU and network the CPU logically (not
physically using a cable !) with the Network MPI(1).
HW Config -> CPU Properties -> General -> Interface Properties

5. Define the MPI address of your programming device.
SIMATIC® Manager -> Options -> Setting the PG/PC Interface...

6. Now network the two training controllers physically with a Profibus cable

7. Load the hardware station of the partner group into your project
SIMATIC® Manager -> PLC -> Upload Station

Every training group has created the project "GD_Communication" in which both
hardware stations "Station1" (MPI address 4) and "Station2" (MPI address 6)
exists. The two stations represent the two training controllers which are logically
and physically (via Profibus cable) networked with one another.

SITRAIN Training for
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Exercise: Monitoring the Addresses of Several Stations

Yar - @¥ariable

tablel

Table Edit Insert PLC ‘ariable Wiew Options ‘Window Help

I (=] e

% Dl=lal & &(sle|o|«] x| E ) el [ a2 R ER

Addresses of Station 1

Address

@¥ariable tablel ONLINE

Symbol

=101 x]

IModify walue

Swmbal comment Display Format

Status value

|00

"T_Spstem_OM"

Spztem ON Switch, Momentary Contact: EOOL alze

(K-

" _BCD"

BCD Puzh Buttons - [nput 'word HE* Wit BHE332

l

Addresses of Station 2

Address

|ﬁl @¥ariable tablel ONLINE

Symbaol

=10 %]

Modify value

Symbal comment Display format | Status value

|00

"T_Swstern_OM"

Spstern ON Switch, Momentary Contact: BOOL

w2

"w_BCD™

BCD Push Buttons - [nput *ford HEX W1 BHE345

My _ProjectiMy_Station

[ & FONRN [bscsz [

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Task

Note

What To Do

SITRAIN Training for

12.03.03 . -
Automation and Drives

PRO1_15E.16

Date:

ol
: (Xg
File: -

You are to become familiar with monitoring variables from 2 CPUs
simultaneously using the test function Monitor/Modify Variables.

In the previous exercise you networked the two training controllers both
physically and logically with one another. For the (simultaneous) monitoring of
variables using the MPI network, it would have been sufficient to define different
MPI addresses and then subsequently physically network or insert the Profibus
cable. The logical networking with the HW Config tool is only necessary for the
global data communication that is still to follow.

1.

Start the "Monitor/Modify Variables" function in order to monitor the
addresses of Station1 shown in the slide.

In the SIMATIC® Manager, select the Blocks folder of Station1 -> PLC ->
Monitor/Modify Variables

Monitor the addresses of Station2 shown in the slide in a new variable table,
without exiting the monitoring of the addresses of Station 1.

Monitor/Modify Variables -> Table -> New -> Enter Address -> PLC ->
Connect to -> Accessible CPU... -> in the follow-up dialog, select the S7
Program folder of Station 2 -> OK

Set up the two tables (windows) one below the other as shown in the slide.
Monitor/Modify Variable -> Window -> Arrange -> Horizontally

SITRAIN Training for

Automation and Drives
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Exercise: Global Data Communication

16D - [MPI{1) (Global data) -- GD_Communication] _ 1ol x|
§H3 @D Table Edit Insert PLC WYiew Window Help =121xI
=u 5 2| el o dal K|
Stationll Station2y ﬂ
=D 21 CPU 314 CPU 314
1 |GD 1.1.1 Qe
2 GD 1.2.1
3 |op
4 |GD
5 |GD h
4] | '
|Compiled - Phase 1 |offine 4

IW 4 (IW2) QW 12 (QW 6)

Station 1 Station 2
< | 1[4 7]1]
QW 12 (QW 6) W4 (IW 2)
SIMATIC® S7 ate: =4 SITRAIN Training for
Siemens AG 2003. Al rights reserved. Eilet: ) é’?‘\"ooal'?&au ‘!‘ Automation and Drives

Task

Note

What To Do

The number that is set on the BCD thumbwheel button of Station 1 is to be
displayed on the BCD digital display of Station 2 and vice versa.

To implement the required function, you must merely edit, compile, save and
load the global data table shown in the slide into the CPUs. Programming a user
program is not necessary.

1. Start the Editor for editing the global data table.
In the SIMATIC® Manager, select the project "GD_Communication” -> in the
right window, select the "MPI(1)" object that has become visible -> Options
-> Define global data

2. Insert the CPUs taking part in the global data communication into the table.
Select the field in which the CPU is to be entered (see slide) -> Edit ->
CPU... -> in the dialog, select the CPU

3. Inthe table, enter the addresses that the CPUs are to exchange and select,
in each case, the addresses that one CPU is to send as "Sender" (see
slide).

Enter all addresses -> select the address that is to be the "Sender" ->

specify addresses as "Sender" using Iﬁl

4. Compile the table
GD Table -> Compile...

5. Save the table
GD Table -> Save

6. Load the compiled table into all CPUs
PLC -> Download...

SITRAIN Training for
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Configuring with NETPRO

| Insert hardware stations |

E‘&NetPrn - [GD_Commun ication {Network) -- D:\57_CoursestGD_Commu] E iy || ﬂ

B8 Network Edit Insertf PLC Wiew Options MWindow Help =& x|
(8 % & e dalal 5 |0 Bzl N ,
—|| Define global data
MPIET) —|
WP =
E‘,&_%Netpru - [GD_Communication {(Network) -- D:\57_Courses’,GD_Commu] - | Ellil
T ‘ %Q Metwork Edit Insert PLC Wiew Options Window Help _|5||5|
Station1 < 2% [ &) e sl 5] ]2 Bz
T B 5| mPin =
= ' WP
2 T T T Copy Chrl+C
Delete v Del
Station] Station2 Station3
i B 5 - EN g |5
Print parameters. ..
=] 5] =]
To display the connection table, please st -z 3 ] Rearrange
of a (CPU. FM OPC se (bject Properties,.. Alt+Return
4 | _’l_l
To display the connection table, please select a module capable
Ready of a ion [CPU, FM module, OPC server or application).
Opens the global data table assigned to the selected subnet. W 537 Y 45 Insert m v
® nY L
SIMATIC® S7 Date: 12.03.03 " SITRAIN Training for

Siemens AG 2003. All rights reserved.

Introduction

Opening the Tool

Inserting Hardware

Stations

Configuring
Hardware

Global Data

File: PRO1_15E.18 ‘= Automation and Drives

Instead of the configuration method you have been using up to now, you can
use the "NETPRO" tool to configure a network (MPI, Profibus or Industrial
Ethernet) graphically.

This tool makes things clearer, provides you with documentation, and its tools,
such as hardware configuration, are easy to call up.

You open the tool by double-clicking a network icon, such as MPI, in the
SIMATIC® Manager.

The catalog contains the components you need, such as subnets and stations,
and you can insert them by drag and drop.

When you have inserted the stations, you double-click to open the "Hardware
Configuration" tool. You use this tool to set the MPI addresses and establish a
connection to the subnet.

Click the subnet, such as MPI, with the right mouse button and select the
"Define Global Data" menu option. You create the global data table as before.

SITRAIN Training for

Automation and Drives
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Transferring Global Data with SFC 60, SFC 61

ELAD,.-“STL;'FBD - [FC11 -- GD_Communication*Station1%CPU 314] —10] x|
i} File Edit Insert PLC Debug View ©Options ‘Window Help =] x|
Dls(e-@] 8| & (sl o sl of o] < EE el Ol =)= x|
= =
FCll : Globaldata, ewent controlled processing
Hetwork 1: Delay Alarms [H-{31] Bit logic ;I
-] Comparator
[e-{85) Converter
SFC4l (-39 Counter
[¥-{og] DE call
E-{5] Jumps
RET_VAL H[JZDD [-{21] Integer function
(-8 Floating-point fct.
® Move
Hetwork 2: Title: (-3¢ Program contral
[-{z5) Shift/Rotate
| | [-{3iz] Status bits
AFLED [e-{@] Timers
En EHO [-(Z7 word logic
-{gH FB blocks
—CIRCLE_ID RET_VAL
Eflogz - - HITz20z [ FC blacks
B#1641 —BLOCK_ID [ SFE blocks
4} SFCHL DIS_AIRT 1
~{F SFC42 EN_AIRT If
m: Title: 40k SFCE0 GD_SHD
- il Mulkiple instances
[+ Jilll Libraries
SFC42 ‘
RET_VAL ITbJZEI4 wstem functions 3'
LI Frogram e... E_E Call stru... |
Z_III{I{ [o0eif T Emar A Zinfa A 3 Crossieferences & 4 Addessinfo. A S Modfy A B Diagnosics A 7 Comparison /)
=
Press F1 to get Help, D [offline labs <52 |Nw3 Insert |Chg 2
®
SI MATl C S? Date: 12.03.03 ‘ SITRAIN Training for
File: PRO1 15E.19 Automation and Drives
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Introduction

SFC60 "GD_SND"

SFC61 "GD_RCV"

You can send and receive global data packets in a program-controlled and
therefore event-driven way with SFC60 GD_SND and SFC61 GD_RCV.

The scan rate 0 must be specified in the GD table for the purely program-
controlled data exchange.

You can also use the cyclic-driven and program-controlled modes either
separately or combined.

SFC60 collects the data of a GD packet and sends it on its configured way.
SFC60 can be called anywhere in the user program.

SFC60 has the CIRCLE_ID (circle no. in which the send packet is found) and
BLOCK_ID (packet no. of the packet to be sent) parameters.

SFC61 fetches the data for exactly one sent GD packet and enters it in the
configured area. SFC61 can be called anywhere in the user program.

Analog to SFC60, SFC61 has the CIRCLE_ID dnd BLOCK_ID parameters.
To guarantee data consistency, all interrupts must be disabled in the user
program prior to the SFC60/ 61 calls.

For example:

* CALL SFC 39
» CALL SFC41
+ CALL SFC 60/61
* CALL SFC 42
*» CALL SFC40

/["Disable interrupt"
/["Delay interrupt"
/I"Send/receive GD"
/["Enable delay"
/["Enable interrupts"

SITRAIN Training for

Automation and Drives
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Solutions for the Exercises

nv .
SIMATIC S7 Date:  12.03.03 “0‘ SITRAIN Training for
Siemens AG 2002. Al rights reserved. File: PRO1_16E.1 =  Automation and Drives
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Solutions for the Exercises

SIMATIC S7

Siemens AG 2002. All rights reserved.
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Adapting the ACTUAL Configuration

[Hw Config - [My Station {Configuration) -- PRO1_165]

@l station Edit Insert PLC Visw Options Window Help ==
(-2 (% & =le| bl =l| %2 el
f|

P4 a7 B B
R34

[ DIEsDC24y

[] DIE=DC24v

[] DO16DC24v /058

[] DO1EDC24v /058

[] DIE=DC24v

[] DO16DC24v /058 b
[] 212x12Bit ;I

-
*
4

:Iﬂ o) UR

Slot I odule Order number Firmware | MPI address | address | O address Comment
1 |4 PS 30754 BES7 307-1EANC-04A0 -
2 || CPU 314 GES7 314-1AE04-04B0 2
3
Z DI1ExDC24Y BES7 321-1BHO0-0440 0.1
5 || DHE-DC24Y BES7 321-1BHO0-0440 4.5
E || DO1ExDC24Y/0.54 BES7 322-1BHO0-0&440 8.3
7 || DO1ExDC24Y/0.54 BES7 322-1BHO0-0&440 12..13
8 || DHE.DC24Y BES7 321-1BHO0-0440 16..17
9 || DO16:DC24Y/0.54 GES7 322-1BHO0-0440 20..21 b
10 | ] Ai2s12Bi BES7 331-7KBO0-04E0 352..355 LI
Press F1 to get Help. v
L] L
SIMATIC S7 Date:  12.03.03 ." SITRAIN Training for
File: PROL_16E.3 & Automation and Drives

Siemens AG 2002. All rights reserved.

Note The result of the Exercise is displayed in the picture above (for the S7-300
16 bit training unit).
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Automation and Drives Page 3 Solutions



SIEMENS

Adapting the ACTUAL Configuration

MUAHW Config - [My Station {Configuration) -- PRO1_325]

[l Station Edit Insert PLC Wiew Options Window Help =121xI

D[z~ %) & sia| (D) %8 w2l

= (0] UR ﬂ
i1 PS 307 54
2 CPU 314
3
4 DI32xDC24W
) DO32:DC24Y /054
E DI8/D 0824 /0.5
7 AlZw12Bit
8
: - )
1] | I
=0 v
Slat odule Order nurber Firrware | MP| address | address | O address Camment
1] PS5 307 Ba EES7 307-1EADD-OAS0 -
2 | CPU 314 EES7 314-14E04-04B0 2
3
Z DI32xDC24y EES7 321-1BLO0-04A0 0.3
5 | |§ DO32xDC244/0.54 EES7 322-1BLO0-0&A0 4.7
B | DI8/D 0824 /0.5 EES7 323-1BHOO0-0440 g g o
7|4 AlZ1EBit BES7 331-7KBO0-04B0 304...307
8 ~|
Press F1 to get Help, v
nv .
SIMATIC S7 Date:  12.03.03 ." SITRAIN Training for
Siemens AG 2002. All rights reserved. File: PRO1_16E.4 ~  Automation and Drives
Note The result of the Exercise is displayed in the picture above (for the S7-300
32 bit training unit).
SITRAIN Training for ST-7PRO1
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Assign Parameters to CPU Clock Memory and Test

Properties - CPU 314 - (R0,/52) ; x|
Time-of-Dray Intermupts | Cychic Intermupt | Diagnostics/Clock I Frotection
General I Startup Cyele/Clack Memary | Retentive Memory I Interrupts

— Cycle

[¥ lUpdate OB process image cyclically

Scat Cyele Monitoring Time [mz]: 180

Fimimunm Sean Cyele Time [ms]: ID
Scan Cycle Load from Communication [%]; |2D
Size af the Process Image I 'l

HEEE - Call Up at [40 Access Erar: INo OBES call up j

— Clock Memory
[+ Clock memory

M emorny Byte: I'I 0

Cancel Help |

zv‘ SITRAIN Training for
‘= Automation and Drives

SIMATIC S7 Date: 120303

Siemens AG 2002. All rights reserved. File: PRO1_16E.5

Note The result of the Exercise is displayed in the picture above.
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Symbol Table for the 16 bit Training Unit (Part 1)

Symbol
C Pars
DE Instance FaultZ
DB Instance Fault3
DB Pars
FE_Faults
FC_Operating Modes
FC_Conveyaor
FC_Op/Fit Mess
FC_Count
FC_Fault
FC Scale
T System ON
T System_OFF
T Jog RT
T Jog LT
o MEA ModeSelect
T MAA Accept
S Wieight/Mumber
T Conv Rst
T Fault_Rst
S Fault
S Fault?
= Faultd
LB
T _PBE1
T PB2
T PB3
T PB4
BAY1
BAYZ
BAYS
W BCD
2 Hz
M LB Edge
M_Jog_Right
M _Auto right

Address |Data type

C

DB
b=
b=
FB
FC
FC
FC
FC
FC
FC

===~ -~ """~>"="~"=7"~"—~

13
2
3
18
20
15
16
17
15
20
105
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
1.0
1.1
1.2
1.3
16.0
16.1
16.2
16.3
16.4
16.5
16.6
16.7

10.3
16.0
16.2
16.3

Comment

COUNTER Transported Parts Counter

FE
FB
DB
FB
FC
FC
FC
FC
FC
FC

20
20
13
20
15
16
17
15
20
105

BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
WORD
BOOL
BOOL
BOOL
BOOL

Instance-DB for Evaluation of Fault 2
Instance-DB far Evaluation of Fault 3

DB with number of parts

Evaluation of Faults with memary

oystem ON/OFF, Selecting Operating Modes
MAN/AUTO Control of Corweyor

Operating and Fault Messages

Count Transported Parts

Evaluation of Faults no memaoary

ocaling Walues

swystem 0N Switch, Momentary Contact
aystem OFF Switch (M.C), Momentary Contact
Jog Corweyor Right, Maormentary Contact

Jog Corweyor Left, Momentary Contact
Operating Mode Man=0/Auto=1 Selector Switch
Operating Mode “erification Switch

Dizplay hMode Yweight=0/Mumber=1 Selector Switch
Conveyor Heset Switch, Momentary Contact
Fault Reset Switch, Momentary Contact

Fault #1 Activate Switch 0=0f//1=0n

Fault #2 Activate Switch 0=0f//1=0n

Fault #3 Activate Switch 0=0f/1=0n

Light Barrier at Corweyor End (M.C)

Push Button at Bay 1, Momentary Contact
Push Button at Bay 2, Momentary Contact
Fush Button at Bay 3, Momentary Contact
Fush Button at Conveyar End, Maomentary Contact
Froximity Sensor at Bay 1

Froximity Sensor at Bay 2

Froximity Sensor at Bay 3

BCD Push Buttons - Input WWoaord

2 Hz Flashing Signal

Cleared Light Barrier Edge Memory Location
Mermoary bit for Jog right

Mermary bit for Automatic Maode right

SITRAIN Training for

Automation and Drives

ST-7PRO1
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Symbol Table for the 16 bit Training Unit (Part 2)

Symbol | Address |Data type | Comment
37 |M Conv Fault BOOL Memory Bit Fault in AUTO Mode
38 |M Faultl BOOL Fault #1 Memory Location
3% M _Faultl Edge BOOL Fault #1 Edge Detection Memaory location
40 |M Fault BOOL Fault #2 Memory Location
41 | Fault? Edge BOOL Fault #2 Edge Detection Memory lacation
42 |M_Count_Edge BOOL Edge Memary Bit far Count Parts
43 |M Weight ok BOOL Mermaory bit for weight ok
44 MW Parts INT Transported Parts Count Memary Location
45 |OB Cycle OB Cyclic Pragrarm
46 |OB Cyclic_Interrupt 0B Time-controlled Program
47 |OB_Startup OB 100 “arm restart Program
48 |PMY _Analogl IMT Analog Channel 1
49 |L Conv Fault l BOOL Conveyor Fault Light
50 |L SYSTEM ol BOOL Systemn ON Light
31 L MAN o BOOL Manual Mode of Operation Light
52 L AUTO o BOOL Automatic Mode of Operation Light
53 |L Man Rest o BOOL Manual Restart Light
24 L Aut Rest G BOOL Automatic Restart Light
95 |L Fault1 o BOOL Fault #1 Indicator Light
56 |L Fault2 2 BOOL Fault #2 Indicator Light
57 |L Fault3 l BOOL Fault #3 Indicator Light
58 |L ACT=SETF l BOOL Actual = Setpaint Mumber of Parts Light
5 K RT l BOOL Fun Comveyor Right
60 |K_LT o BOOL Fun Conveyar Left
61 |0 Display o WORD BCD - Output Display YWaord
62 |SD _Conv Contr T TIMER Control Conveyor in Auto Mode

SITRAIN Training for

Automation and Drives
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Symbol Table for the 32 bit Training Unit (Part 1)

Symbol
C Pars
DE Instance FaultZ
DB Instance Fault3
DB Pars
FE_Faults
FC_Operating Modes
FC_Conveyaor
FC_Op/Fit Mess
FC_Count
FC_Fault
FC Scale
T System ON
T System_OFF
T Jog RT
T Jog LT
o MEA ModeSelect
T MAA Accept
S Wieight/Mumber
T Conv Rst
T Fault_Rst
S Fault
S Fault?
= Faultd
T _PBE1
T PB2
T PB3
T PB4
BAY1
BAYZ
BAYS
LB
W BCD
2 Hz
M LB Edge
M_Jog_Right
M _Auto right

Address |Data type

C

DB
b=
b=
FB
FC
FC
FC
FC
FC
FC

===~ -~ """~>"="~"=7"~"—~

13
2
3
18
20
15
16
17
15
20
105
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
1.0
1.1
1.2
1.3
g.1
8.2
8.3
8.4
8.5
8.b
8.7
16.0
2
10.3
16.0
16.2
16.3

Comment

COUNTER Transported Parts Counter

FE
FB
DB
FB
FC
FC
FC
FC
FC
FC

20
20
13
20
15
16
17
15
20
105

BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
WORD
BOOL
BOOL
BOOL
BOOL

Instance-DB for Evaluation of Fault 2
Instance-DB far Evaluation of Fault 3

DB with number of parts

Evaluation of Faults with memary

oystem ON/OFF, Selecting Operating Modes
MAN/AUTO Control of Corweyor

Operating and Fault Messages

Count Transported Parts

Evaluation of Faults no memaoary

ocaling Walues

swystem 0N Switch, Momentary Contact
aystem OFF Switch (M.C), Momentary Contact
Jog Corweyor Right, Maormentary Contact

Jog Corweyor Left, Momentary Contact
Operating Mode Man=0/Auto=1 Selector Switch
Operating Mode “erification Switch

Dizplay hMode Yweight=0/Mumber=1 Selector Switch
Conveyor Heset Switch, Momentary Contact
Fault Reset Switch, Momentary Contact

Fault #1 Activate Switch 0=0f//1=0n

Fault #2 Activate Switch 0=0f//1=0n

Fault #3 Activate Switch 0=0f/1=0n

Fush Button at Bay 1, Momentary Contact
Push Button at Bay 2, Momentary Contact
Push Button at Bay 3, Momentary Contact
Fush Button at Corveyor End, Maomentary Contact
Froximity Sensor at Bay 1

Froximity Sensor at Bay 2

Froximity Sensor at Bay 3

Light Barrier at Corweyor End (M.C)

BCD Push Buttons - Input WWoaord

2 Hz Flashing Signal

Cleared Light Barrier Edge Memory Location
Mermoary bit for Jog right

Mermary bit for Automatic Maode right

SITRAIN Training for

Automation and Drives

ST-7PRO1
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Symbol Table for the 32 bit Training Unit (Part 2)

Symbol | Address |Data type | Comment

37 |M Conv Fault Mo 17.0 BOOL Memory Bit Fault in AUTO Mode
38 |M Faultl Mo 171 BOOL Fault #1 Memory Location
3% M _Faultl Edge fl 17.2 BOOL Fault #1 Edge Detection Memaory location
40 |M Fault fl 17.3 BOOL Fault #2 Memory Location
41 | Fault? Edge fl 17.4 BOOL Fault #2 Edge Detection Memory lacation
42 |M Count Edge fl 18.0 BOOL Edge Memary Bit for Count Parts
43 |M_Weight ok Mo 35.0 BOOL Mermoary bit for weight ok

44 MW Parts MW 20 INT Transported Parts Count Memary Location
45 |OB Cycle OB 1 OB 1 Cyclic Program
46 |OB Cyclic_Interrupt OB 35 0B 35 Time-controlled Program
47 |OB_Startup OB 100 OB 100 ‘Warm restart Program
48 |PMY _Analogl PiAY 352 INT Analog Channel 1
49 |L Conv Fault l 4.0 BOOL Conveyor Fault Light
50 |L SYSTEM ol 4.1 BOOL Systemn ON Light
51 |L MAN l 42 BOOL hanual Mode of Operation Light
52 |L_AUTO o 4.3 BOOL Automatic Mode of Operation Light
53 |L Man Rest o 4.5 BOOL Manual Restart Light
L Aut Fest o 465 BOOL Automatic Restart Light
L Fault G 5.1 BOOL Fault #1 Indicator Light
L Fault2 o 5.2 BOOL Fault #2 Indicator Light
L Fault3 2 53 BOOL Fault #3 Indicator Light
L ACT=SETF l o4 BOOL Actual = Setpaint Mumber of Parts Light
K_HT l 0.5 BOOL Fun Comveyor Right
BOLT l o.b BOOL Fun Corveyor Left
CWY Display o B WORD BCD - Output Display YWard
62 |SD Conv Contr T 17 TIMER Control Conveyor in Auto Mode
SITRAIN Training for ST-7PRO1
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Jog Motor (FC 16)

‘ "T_Jog RT” "T_Jog LT” "K_RT"
] | | 2 f |
‘ 1 I/ I L ]
Hetwork 2 : Jog Conveyor LEFT
‘ "T_Tag_RT" "T_JTog_LT" "E_LT”
f |
LI ]

‘ /1 | |

SITRAIN Training for

Automation and Drives
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0Bl :

"

Hetwork 1i: Title:

*

Calling FC 16 in OB 1

"Main Program 3weep (Cycle)’™

EN

"FC_Conwveyor™
ENO

SITRAIN Training for

Automation and Drives
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SIEMENS

Normally Open and Normally Closed Contacts

Task: In all three examples the light should be on when S1 is activated and S2 is not activated!

Iz >

11.0 I11 Q4.
}—1 @

Hardware | |
I]I:I I=\| s1 I=\| S2 I=\| s1 I=|B S2 |=|g s1 I=|B S2
11.0 111 11.0 111 11.0 11.1
Programmable controller Programmable controller Programmable controller
Q4.0 Q4.0 Q4.0
(% Light (% Light ?Light
Software
4.0 110 111 Q4.0

e e @)

11.0 I11 Q4.0
}—4/»—1 —0O

1.0 — & 1.0 — & 1.0 9 &
I]I:I 111 —9 Q40 111 — — Q40 111 — — Q40
A 110 A 110 AN 11.0
I]I:I AN 111 A 111 A 111
= Q40 = Q4.0 = Q40
SIMATIC S7 bae: 120303 @il SITRAIN Training for
Siemens AG 2002. All rights reserved. File: PRO1_16E.12 Automation and Drives
Exercise Complete the programs above to obtain the following functionality: When switch
S1is activated and switch S2 is not activated, the light should be ON in all three
cases.
Note ! The terms "NO contact" and "NC contact" have different meanings depending

on whether they are used in the process hardware context or as symbols in the

software.

SITRAIN Training for
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Mode Section of the Distribution Conveyor

FC15 @ HMode section

B

Hetwork 1i: System 0N

"L_STITEM"”
"T_Syatem 0N R

| | = 0

"T_System OFF™

/1 R

Hetwork 2 : HMANTAL HMode

"1, MAN"
"3 _M/h Modedelect” "T_M/4 Acocept”™ R

/1 | | 8 u
"L_SYRTEM"

/1 R

"3 _M/h Modedelect”™

Hetwork 3 : AUTO Mode

“L_AUTO"
"3 _M/h Modedelect” "T_M/4 Bccept”™ R
| | | |

[ 11 A U

"L_STSTEM"
| A
I/I R

"3 _N/4 ModeSelect”™

/1

SITRAIN Training for ST-7PRO1
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Conveyor Movement in AUTO Mode

‘ *L_MAN" “T_Jog_RT" *T_Jog_LT" "M_Jog_Right”

[

‘ | | | | /1 {

Hetwork 2 : Jog Conwveyor LEFT

‘ L_MAN" "T_Jog_RT" "T_Jog_LT" "K_LT"

|| | | ] Y
‘ [ Ir/l [ LI

Hetwork 3 : Conveyor in AUTO Mode

"M_Auto_right”

"BATL" "T_PEL" SR

| ] | |

[ 11 A U=
"BATA" "T_PBE"

| ] | |

[ 11
rrL_AUTDrr

| 4

I/ [ R

"LE" "M _LE_Edge”

| ] {p}

[ v

Hetwork 4 : Title:

"M_Jog Right” "E_RT"

|| i |
[ Vo 1

"M Auto_right”

SITRAIN Training for
Automation and Drives Page 14
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Counting the Transported Parts (FC 18, C 18)

FC12 : Title:

Hetwork 1: Count transported parts in AUTO Mode

"M _Count_Edge™

F =
TLET — _— "C_Parts”™
& CuD
"L_ATITO™ — —C
= CD
—3 CW—
— ¥ CV_EBCD ="QUW_Display™
"L_SVITEM™ —0R (1] o
SITRAIN Training for ST'7PR01
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Monitoring the Transport Functions (FC 17)

__________

...........

"5D_Conw_Contr
* "M Conw_Fault™
"L_AUTO" "E_RT" s ooT o "z He" "L_Conw_Fault™
| I - | i
10 1T | u | u 1T 1
SET#63 TV BI-... "T_Fault_Rst" R
.. R BED ...
SITRAIN Training for ST-7PRO1
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FCla :

"

Counting the Transported Parts (FC 18, MW 20)

Title:

Hetwork 1): Feset Counter

*

"L_ATATEM™ MOVE
| 2
| /I EN ENO
"L_ALCT=SETPR" "T_PE4" o—IN OUT "M Parts"™
] | ] | -
1 1
Hetwork 2 : Count transported parts in AUTO Mode
"LE™ "M_Count_Edge"” "L_ATTOT ADD |
| | {nl | | -
1 | P} I T EN ENO
"M _Parts" —{IN1 OUT —"MU_Parts"
1 —{INZ
Hetwork 3 : Display actual number of parts

I_BCD

EN ENO

"MI_Farts™ —

IN

OUT —"QW _Diaplay™

Hetwork 4 : Fead Zetpoint number of parts and convert

BCD_|

EN ENO

Hetwork 5 : SETPOINT-ACTUAL nunmber of parts Comparison

"I _BCD™ —

IN

"MII_Farts™ —

MrZ00 —

OUT [~z 00

CMP == "L_ACT=3ETP"

o ]

o 1
IN1
IN:

SITRAIN Training for

Automation and Drives
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Programming the Interlock in FC 16 (Conveyor Operation)

FCle @ Conwveyor Qperation

Hetwwork 1: Jog Conwveyor RIGHT

‘ *L_MAN" "T_Jog RT" "T _Jog LT" "M _Jog Right"

‘ || || /1 {

[

Hetwwork 2 : Jog Conwveyor LEFT

‘ "L_MAN" "T_Jog_RT" "T_Jog_LT" "E_LT"
| ] | | ] i |
‘ [ Irxl [ L |

. T T LTy

Hetwork 3i: Conwveyor in AUTO Mode

P T r ¥l

"M_Auto_right”
"BLY1" "T_PEL" "L_ACT=RSETP" SR

| | — o

CRLYET T PFE2"

"M _Conw_Fault”

I
11 B
L_arraT
|«
I,/I
"LE™ "M_LE_Edge™
I ol
[ 1 1P}
iféi{q;}‘i'i r Title:
"M _Jog_Right” "E_RT"
| 1 Fo |
1 L ]
"M_Auto_right”
| 1
1
SITRAIN Training for ST-7PRO1
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Counting the Transported Parts (Data Word in FC 18)

FC1s @ Title:

Hetwork 1: Feset Counter

"DE_Parts".ACT N
rumber of Parta

"L_SYSTEM" MOVE
| 2
1] EN ENO
"L_LCT=SETE" "T_PE4" 0—In
] | | |
1 11 ouT
Hetwork 2: Count transported Parts in AUTO Mode
"DE_Parts".EDGE_
"LE" Menory "L_ATTO" ADD
| | fot | | -
I T 1B 1T EN ENOD
"DE_Parts”.ACT N
umber of Parta —IN1 ooT
1INz

"DE_Parts".4cT_N
—umber of FParts

Hetwork 3 : Display Actual Number of parts

"DE_Parts".acT_N
umbher of Parts

EN

IN

|_BCD

ENO

ouT

—"QW_Display™

Hetwork 4 : Fead Zetpoint number of parts and conwvert

"I _BCD™

EN

IN

BCD_

Eno

ouT

—HMIrZ00

Hetwork 5 : SETPOINT-ACTUAL nunmber of parts Comparison

"DE_Parts".acT_N
umher of Parts

Mirzo0

N1

Nz

CMP 3=

"L_ACT=3ETP"

i ]
L 1

SITRAIN Training for

Automation and Drives

Page 19

ST-7PRO1
Solutions



Counting the Transported Parts (Data Word in FC 18),
Data Block “DB_Parts” (DB 18)

hddres= (Hame Type Initial wvalue (Comment
0. STEICT
+0.0| [ACT_Mumber of Parts |[INT 1] Actual Mumber of transported Parta
+Z.0( [EDGE_Memory EOOL FALSE Mp<iliary Memory bit edge detection
=4.0 END_5TRUCT

SITRAIN Training for
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Using temporary Variables (FC 18)

hddress |Declaration |Hame Type Initial valComment
in
out
in_out
0.0 tenp Setpoint INT
A i
=
Hetwork 4 : Read Setpoint number of parts and conwvert
BCD_I
EN ENO
"IW_BoD —IN OUT —#5etpoint
Hetwork 5 : SETPOINT-ACTUAL number of parts Comparison
CMP =) "L_ACT=SETP"
F |
\J | _I
"DE_Parts".ACT N
umher_of Parta —{IN1
#3etpoint —-{INZ
-
K1 M 4
SITRAIN Training for ST-7PRO1
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Editing a Parameter-assignable FC (FC 20)

Address |(Declaration |Hame Tyne Initial value (Comment
0.0|in Fault_3Jignal BOOL
0.1{in Acknowledge EOOL
0.2(in Flash_frequency EOOL
2. 0(out Display EOOL
4,0|in_out dtored Fault BOOL
4,1|in_out Edge Memory BOOL

Lenp

prrzmzzamzmam

Hetwork 1: Fault Logic

P

#itored Fault

#hcknowledge RS #Flash frequency #Display
| | B | | i
11 11 L
#Fault Jignal #Edge_Memory
| | fnl
I T . S
#itored Fault #Fault Jignal
| 2 | |
L/)I 11
SITRAIN Training for ST-7PRO1
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Calling a Parameter-assignable FC (FC 20) (in FC 17)

FC17 : Title:

rrrmmraaaaa

Hetwork 1): Conveyor Fault: Monitoring the transport function

"5D_Conv_Contr

rr

.| 5_00T SR "
[

=" "L_Conw_Fault™
I} f 1 0 k1 0

3 |
W 1

"M_Conv_Fault”
"L AUTO" "E RT"
|
1

—_
-

35T#6S TV EI... T Fault Rst™—R

LR BCD ...

Hetwwork 2 : Evaluation of disturbance 1

"FC_Fault™
EN ENOpb—

"3 _Fanltl™—Fault_Simmal Display —"L Faultl"”
T Fault Rst"™ —|Acknomwledge

Flash fredquen
T2 _Hz" —C¥

"M Faultl™ —3tored Fault

"M_Faultl Edge
" —{Edge_Memory

Hetwork 3 : Evaluation of disturbance 2

"DE_Inatance_F
gulez"

"FBE_Faulta"
EN ENO

"3 _FaultZ™ — Fault 3igmal Display "L Faultz™
"T Fault Rat” —{&cknowledge

Flash fredquen
"2_He" —c¥

Hetxork 4 : Evaluation of disturbance 3

"DE_Instance_F
aulti”

"FBE_Faulta"
EN ENO

"5 _Faule3™ —|Fault Sigmal Dizplay —"L Fault3”
"T Fault Rst"” —{Acknowledge

Flash_frequen
"2 _He" —C¥

SITRAIN Training for ST-7PRO1
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Editing a Parameter-assignable FB (FB 20)

hddress |Declaration [Hame Type Initial wvali(Comment
0.0]in Fault Signal EBOOL FALSE
0.1(in Acknowledge EOOL FAL3ZE
0.2]in Flash fredquency BEOOL FALZE
Z2.0)out Display BEOOL FALZE
in_out
4, 0|ztat dtored Fault BOOL FAL3E
1|{ztat Edge Memory BOOL FALSE
Leup

FEZ0 : Function for Fault Signals

prrzamzzamam

Hetwork 1:: Fault Logic

P Y T

#itored_Fault

#hcknowledge RC #Flash_frequency #Display
| | E | | £y ]
1 1 VS |
#Fault_Siomal #Edge_Memory
| | {r} 5
#itored_Fault #Fault Signal
| | |
rd I
SITRAIN Training for ST-7PRO1
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Calling a Parameter-assignable FB (FB 20) (in FC 17)

FC17 : Title:

rrrmmraaaaa

Hetwork 1): Conveyor Fault: Monitoring the transport function

"5D_Conv_Contr

rr

.| 5_00T SR "
[

=" "L_Conw_Fault™
I} f 1 0 k1 0

3 |
W 1

"M_Conv_Fault”
"L AUTO" "E RT"
|
1

—_
-

35T#6S TV EI... T Fault Rst™—R

LR BCD ...

Hetwwork 2 : Evaluation of disturbance 1

"FC_Fault™
EN ENOpb—

"3 _Fanltl™—Fault_Simmal Display —"L Faultl"”
T Fault Rst"™ —|Acknomwledge

Flash fredquen
T2 _Hz" —C¥

"M Faultl™ —3tored Fault

"M_Faultl Edge
" —{Edge_Memory

Hetwork 3 : Evaluation of disturbance 2

"DE_Inatance_F
gulez"

"FBE_Faulta"
EN ENO

"3 _FaultZ™ — Fault 3igmal Display "L Faultz™
"T Fault Rat” —{&cknowledge

Flash fredquen
"2_He" —c¥

Hetxork 4 : Evaluation of disturbance 3

"DE_Instance_F
aulti”

"FBE_Faulta"
EN ENO

"5 _Faule3™ —|Fault Sigmal Dizplay —"L Fault3”
"T Fault Rst"” —{Acknowledge

Flash_frequen
"2 _He" —C¥

SITRAIN Training for ST-7PRO1
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SIEMENS

Exercise: Recognizing Types of Variables

Addre=ss |Decl. Hame Type Initial Value |Comment
0.Min Nurber 1 WORD WEleH0
2.00in Nuwher Z WORD WHL1EH0
4.0{out Result WORD WHL1EH0
Ol=tat Max_value INT
0.0ftemp Intermediate result |INT
St T Y P = DOrFr YA RRA1AA = =
Global | Local |[Absolute[ Symbolic |[Temporary] Static |Parameter
L #Number 1 X X X
L #Number_2 X X X
T #Max_value X X X
L #Intermediate_result X X X
L “Number_1" X X
T MW 40 X X
T #Number_2 X X X
SIMATIC S7 bate:  12.03.03 O SITRAIN Training for

Siemens AG 2002. All rights reserved.

Question

File: PRO1_16E.26

What is not correct in the statement T #Number_2 ?

Automation and Drives

Number_2 is defined as an input parameter and thus read-only accesses are

possible
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SIEMENS

Overview:
Stop Errors:

Stop Errors and Logical Errors

Error Interrupt Point

Error Location

Incorrect -> Correct Instruction

1 FC 18, Network 4

FC 18, Network 4

L PIW400

=

L .l\W_BCD*

L DB18.DBW10

L DBW18.DBWO

2 FC 18, Network 5 FC 18, Network 5 L #Setpoint L #Setpoint
>=| >=|
CALL FC20 ‘ CALL FC20
2 FC 20, Network 1 FC 17, Network 2 Flash Frequency Flash Frequency
= DBX10.3 =,2_Hz"(M10.3)
Logical Errors:
Error Fault Function Error Location Incorrect -> Correct Instruction
1 | JogConveyortoright | 16 Network1 |= "K _RT" mm) ="M Jog_Right"
not possible ' > ik
Evaluation Disturbance3: CALL FB20,DB3 CALL FB 20,DB3
2 no flash frequency Rl orkcd Flash freq.: ‘ Flash freq.: ,2_Hz"
Record and display act. : :
3 Numb.of parts not correct FC 18, Network 2 L #Setpoint ‘ L 1

SIMATIC S7

Siemens AG 2002. All rights reserved.

12.03.03
PRO1_16E.27

Date:

[\ L
pat "‘ SITRAIN Training for

Automation and Drives
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Print out of the Error Program

0Bl : "Main Program 3weep (Cycle)™

Hetwork 1: Title:

P T r ¥l

‘ "FC_Operating Modes™
EN ENO

Hetwork 2 : Title:

"FC_Conweyor™
EN ENO

Hetwork 3 : Title:

"FC_Op/Flt_Mess”
N ENO

Hetwork 4 : Title:

"FC_Count™
EN ENO

SITRAIN Training for ST-7PRO1
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Print out of the Error Program

Hetwork 1: Svstem 0N

P T r )

"T_3ystem ON™
| ]

"L_SYITEM™

SR

"T_Systen OFF"

1

Hetwwork 2 : MANUAL Mode

T3 _M/A Modelelect”

"T_M/d Accept”
| |

rr L_mrr

| A
I/I
"1_STSTEM

/1

"3 _MiL Modeldelect”™
| ]

Hetwork 3 : AUTO Mode

5 _M/A Modelelect”
| ]

"T_M/4 Accept”
| |

SR

L_AUT0"

"L_STITEM™

/1

"3 _MiL Modeldelect”™

1

SR

SITRAIN Training for
Automation and Drives
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Print out of the Error Program

.M_Jog_Right*

‘ L HA" “T fog RT" T Tog LT" A
| | ] | | 2 o
‘ 11 1 I/ I W
Hetwork 2 : Jog Conwveyor LEFT
‘ "L_ManT "T_Jog_RT™ "T_Jog LT "E_LT"
| | | | | o
‘ 11 IJ/ I 11 W
Hetwork 3 : Conwveyor in AUTO Mode
"M_Auto_right”
"BAT]1™ "T_PE1" "L_LCT=SETE" =R
| | ] | | 2
11 1 I/ I
"BATE™ "T_PE="
| | | |
1 11
"M _Conw_Faulrc'”
| |
11
"L_ATTO"
| 2|
I/ I
"LE™ "M_LE_Edge"™
| | ! Pﬁ'
11 LI
Hetwwork 4 : Title:
"M_Jog Right" "E_RT"
] | f
1 L

"M_Auto_right”
| |

I Logical Error

SITRAIN Training for
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Print out of the Error Program

FC17 @ Title:

Hetwork 1: Conveyor Fault: Monitoring the transport function

"3 _Conw_Contr"” "M_Conwv_Fault”

"L_AUTO" "E_RT" 5 oot SR "2 Hz" "L_Conv_Fault”
| | - | i |
11 11 A q A q 1T VS 1

55T#65 —TV BI... "T_Fault Rzt —R
. R BCD ...

Hetwork 2i: Evaluation of disturbance 1

b

"FC_Fault™
EN ENG

"5 Faultl” —{Fault_Signal Display "] Faultl”

T Fault Rzt —{&cknowledge

Flash frequenc

P aER ,2_Hz" (M 10.3) STOP Error

"M_Faultl” —dtored Fault

"M_Faultl Edge” -Edge_Memory

SITRAIN Training for ST-7PRO1
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Print out of the Error Program

Hetwork 3 : Evaluation of disturbance 2

"DE_Instance_ Fau
lear

"FBE_Faultz"™
EN ENO

"% Faultz” -|Fault_Signal Display "L Faultz"

T Fault Rst™ —acknowledge

" He' Flash frequency

. T T LTy

Hetwork 4): Evaluation of disturbance 3

e

"DE_Instance_ Fan
lt3”

"FE_Faultz"™
EN ENO

"% Fault3” | Fault_Signal Display "1 Faulti"

T Fault Rst™ —acknowledge

Logical Error
,2_Hz"

Flash frequency

SITRAIN Training for ST-7PRO1
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Print out of the Error Program

FC1g & Title:

Hetwork 1: Feset Counter

"DE_Parts".ACT N
umber of Parta

"L_SYSRTEM" WOWVE
| 2
1] EN ENGO
"L_LCT=SETE" "T_PE4™ o—IN
| | | |
11 11 ouT
Hetwork 2: Count transported Parts in AUTO Mode
"DE_Parts".EDGE_
"LE™ Memory "L_ATTO ADD |
| | f ol | | -
11 | P} I T EN END
"DE_Parts".ACT N
umher of Parrs —IN1 ouT
#3serint —{IN2

1

Hetwwork 3 : Display Actual Mumber of parts

|_BCD

EN EHNO

"DE_Parts".4CT N
umber of Parts

"DE_Parts”.ACT N
umher of Parta —IN

OUT "W Diaplay™

Hetwork 4 : Fead Zetpoint nmumber of parts and convert

‘ BCD_|

Logical Error

EN ENO STOP Error
P‘I—lﬂﬁ— In 0UT -#Setpoint
-IW_BCD"
iféi{q;}‘i'é : RETPOINT-ACTUAL number of parts Comparison
CME == "L_ACT=SETE"
I |
L ]
DELa<BE10 —| IHL
STOP Error
#3etpoint —{INZ
,DB_Parts“. ACT_Number_of Parts
SITRAIN Training for ST-7PRO1
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Print out of the Error Program

Addres=s (Declaration |Hame Type Initial value |(Comment

in Fault Sigmal BOOL
in Acknowledoge BEOOL
in Flash fremiency EOOL
out Display EOOL
in_out Jtored Fault BOOL
in_out Edge Memory BOOL
Lenp

prrzrzamzamw

Hetwork 1: Fault Logic

P

#3tored Fault

#acknowledge RS #Flash frequency #Display
| | | | I
11 11 L
#Fault Signal #Edoge Memory
| | N P1'
11 WP
#itored Fault #Fault Signal
| 2 | |
IJ/ I 1
SITRAIN Training for ST-7PRO1
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Print out of the Error Program

hddress |Declaration [Hame Type Initial wvali(Comment
0.0]in Fault Signal EBOOL FALSE
0.1(in Acknowledge EOOL FAL3ZE
0.2]in Flash fredquency BEOOL FALZE
Z2.0)out Display BEOOL FALZE
in_out
4, 0|ztat dtored Fault BOOL FAL3E
1|{ztat Edge Memory BOOL FALSE
Leup

FEZ0 : Function for Fault Signals

prrzamzzamam

Hetwork 1:: Fault Logic

P Y T

#itored_Fault

#hcknowledge RC #Flash_frequency #Display
| | E | | £y ]
1 1 VS |
#Fault_Siomal #Edge_Memory
| | {r} 5
#itored_Fault #Fault Signal
| | |
rd I
SITRAIN Training for ST-7PRO1
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Determing type of Startup (OB 100)

hddress |Declaration |Hame Type Initial wal)|Comment
0.0|tenp 0E100_EV_CLASS BEYTE 16#13, Ewent class 1, Entering ewvent state, Ev
1.0|tenp OBL00_STETUP BYTE 16§81/82/83/84 Method of startup
2.0[tenp QBLlOO_PRIORITY BEYTE 27 (Priority of 1 is lowest)
3. 0| tenp 0E100_0E_NUMER BYTE 100 (Organization block 100, 0EL0O)
4. 0| tenp 0BLlO0_BESERVED_1 BYTE Reserved for systew
5. 0| cenp 0Bl00_BESERVED = BYTE Reserved for systenm
6. 0| teun 0Bl00_STOPR TWORD Ewvent that caused CPU to stop (logdxw)
g.0|tenp 0El00_STRT_INFO DIORD Information on how system started
12. 0| tenp 0Bl00_DATE_TIME DATE_AND TIME Date and time 0100 started

A

OEl00 : "Complete Restart”

rrrmzamaaan

Hetwork 1: Display manual restart

ChP == "L_Man Restart”

R |
i) 1

#0BL00_STRTUP —{INL

E#legsl —IN2

Hetwwork 2 : Display automatic restart

CHP ==| "L_duto_Restart”
{} |
#0BLO0_STRTUE — Nl
EB#legoz | IN2Z
SITRAIN Training for ST-7PRO1
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Recording and Displaying the Weight of the Transported Parts
CPU Properties: Cyclic Interrupt OB 35

Properties - CPU 314 - (RO/S2) :. EI
General I Startup | Cycle/Clock Memaory I Retentive Memory I Interupts I
Time-of-Day Intermiptz Cyclic Interupt I Diagroztice/Clock, I Protection
Fl partition
Fricrity Execution [mz] FPhaze offzet [mz] [O=none]
o[z [5o00 P [
mea1: |8 | 2000 o [
mg3z |9 1000 [o [
oezz [ B P o
oess i [200 O o
oe3s:  [12 [250 I [
oeaE: [i3 E o o
op37: |14 |20 B o
oeze: [i5 [10 o o

Cancel Help

SITRAIN Training for ST-7PRO1
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Recording and Displaying the Weight of the Transported Parts

Program in OB 35

= #3tarl

Hetwork 2 : Read Analog Value and scale for Weight

"FC_Scale”
EN ENO

"PIV Analogl™ —IN FET VAL |-#Frror

5.000000e+002 4HI_LIM OUT —#Meas_Value

0. 000000e+000 —LO_LIN

#5rarD JBIPOLAR

Hetwork 3 : Weight Control

CMP <=R CMP ==R "M_Weight ok"
Fh |
L ]
#Meas Value —{IN1 #Meas Value —{IN1
4, 000000e+00z —{IN2 1.000000e+00z2 — INZ
Hetywork 4 : Display dnalog Walue (Weight)
"3 _Weight/Mumber™ ROUND DI_BCD
|| EN END EN END
#Meas_ Value | IN OUT —ghuxiliary #huxiliary -IN 00T |-"QW_Display™
SITRAIN Training for ST-7PRO1
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Recording and Displaying the Weight of the Transported Parts
Display Number of Parts in FC 18

...........

...........

"DE_Parts”.EDGE_M
"LE" emory L_AUTO" “M_Weight ok™ YT
|| {pl || || -
11 1P} 11 10 EN ENO
“DE_Partz".ACT Hu "DE_Parts”.ACT Nu
wber of Parts —{INL 0UT —pher of Parts
1z

Hetwork 5 : Display Actual Number of parts

"3 _Weight Aunber™ I_BCD
|
| A EN ENO
“DE_Parts".ACT Nu
wher of Parts —IN 0UT QW _Diaplay”
SITRAIN Training for ST-7PRO1
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SIEMENS

Appendix: Technical Specifications and
Special Features of the S7-400™

SIMATIC
S7-400

ilrnl\eﬁlﬁ;r!(m%é/klﬁgzhts reserved. Ei?:: é??oo?ﬁ%El ‘?‘ EL;I;E';:;: ::‘?né’r:s’::
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Technical Specifications of the S7-300™ CPUs (1)
CPU 312 IFM 313 314 314 IFM 315 315-2 DP 316-2 DP 318-2 DP
Execution time in ps
Bit instruction 0.6-1.2 0.6-1.2 0.3-0.6 0.3-0.6 0.3-0.6 0.3-0.6 0.3-0.6 0.1
Word instruction 2.0 2.0 12 1.2 1.0 1.0 1.0 0.1
Integer (+/-) 3.0 3.0 2.0 2.0 2.0 2.0 2.0 0.1
Real (+/-) 60.0 60.0 50.0 50.0 50.0 50.0 50.0 0.6
User memory
Work memory 6 KB 12 KB 24 KB 32 KB 48 KB 64 KB 128 KB 512 KB
Load memory integr. | 20 KB 20 KB 40 KB 48 KB 80 KB 96 KB 192 KB 64 KB
Load memory extern | - 4 MB 4 MB (4 MB) 4 MB 4 MB 4 MB 4 MB
Addresses
Bit memories 1024 2048 2048 2048 2048 2048 2048 8192
Clock memories 8 8 8 8 8 8 8 8
Timers 64 128 128 128 128 128 128 512
Counters 32 64 64 64 64 64 64 512
Block types/Number
FBs 32 128 128 128 192 192 256 1024
FCs 32 128 128 128 192 192 512 1024
DB's 63 127 127 127 255 255 511 2047
Size of process image 32 each 128 each | 128 each 124 each 128 each 128 each 128 each 256 each
I/Oin bytes (2048)
Maximum 1/O address 32 each 32 each 768 each 752 each 768 each 1024 each 1024 each 8192 each
area in bytes
Interfaces MPI MPI MPI MPI MPI MPI, DP MPI, DP MPI/DP,
DP
N .
SIMATIC® S7 Date:  12.03.03 5‘ SITRAIN Training for
Eile: PRO1_17E.2 Automation and Drives

Siemens AG 2003. All rights reserved.

Introduction

In order to be able to rate the technical specifications of the S7-400™, you can
first of all see the specifications of the S7-300™. They are current as of April
2000. For the most current technical specifications, please refer to the ST 70

catalog.

SITRAIN Training for
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Technical Specifications of the S7-300™ CPUs (2)
CPU 312 IFM 313 314 314 IFM 315 315-2 DP 316-2 DP 318-2 DP
Organization blocks OB No. OB No. OB No. OB No. OB No. OB No. OB No. OB No.
Free cycle 1 1 1 1 1 1 1 1
Time-of-day interrupts | - 10 10 10 10 10 10 10,11
Time-delay interrupts - 20 20 20 20 20 20 20,21
Cyclic interrupts - 35 35 35 35 35 35 32,35
Hardware interrupts 40 40 40 40 40 40 40 40,41
Background execution | - - - - - - - 90
Startup 100 100 100 100 100 100 100 100,102
Errors, asynchronous - 80-82, 85, | 80-82, 85, 80-82, 85, 80-82, 85, 80-82, 85 80-82, 85 80-82, 85
87 87 87 87 87 87 87
Errors, synchronous - 121,122 121,122 121,122 121,122 121,122 121,122 121,122
Local datain bytes 512 1536 1536 1536 1536 1536 1536 4096(8192)
Maximum block length 8 KB 8 KB 8 KB 8 KB 16 KB 16 KB 16 KB 64 KB
Block nesting depth 8 8 8 8 8 8 8 20
per execution level
Communication
Maximum connections
static/dynamic 4/2 4/4 4/8 4/8 4/8 4/8 4/8 32
Global data communi-
cation with MPI:
GD circles per CPU
4 4 4 4 4 4 4 8
Send GD packets per
GD circle 1 1 1 1 1 1 1 1
Receive GD packets per
GD circle 1 1 1 1 1 1 1 2
Maximum user data size
of a packet 22 bytes 22 bytes 22 bytes 22 bytes 22 bytes 22 bytes 22 bytes 54 bytes
SIMATI C® S7 Date: 12.03.03 zv‘ SITRAIN Training for
File: PRO1_17E.3 S Automation and Drives

Siemens AG 2003. All rights reserved.

SITRAIN Training for

Automation and Drives

Page 3

ST-7PRO1

Tech. Data, Special Features of S7-400™



SIEMENS

Technical Specifications of the S7-400™ CPUs (1)
CPU 412-1 412-2 414-2 414-3 416-2 416-3 417-4 417H
Execution time in ps
Bit instruction 0.2 0.2 0.1 0.1 0.08 0.08 0.1 0.1
Word instruction 0.2 0.2 0.1 0.1 0.08 0.08 0.1 0.1
Integer (+/-) 0.2 0.2 0.1 0.1 0.08 0.08 0.1 0.1
Real (+/-) 0.6 0.6 0.6 0.6 0.48 0.48 0.6 0.6
User memory
Work memory int. 2x48 KB 2x48 KB 2x128 KB 2x 384 KB 2x 0.8 MB 2x 1.6 MB 2x2 MB 2x2 MB
Load memory integr. | 256 KB 256 KB 256 KB 256 KB 256 KB 256 KB 256 KB 256 KB
Load memory extern 64 MB 64 MB 64 MB 64 MB 64 MB 64 MB 64 MB 64 MB
Addresses
Byte memories 4K 4K 8K 8K 16 K 16 K 16 K 16 K
Clock memories 8 8 8 8 8 8 8 8
Timers 256 256 256 256 512 512 512 512
Counters 256 256 256 256 512 512 512 512
Block types/Number
FBs 256 256 1024 1024 2048 2048 6144 6144
FCs 256 256 1024 1024 2048 2048 6144 6144
DBs 511 511 1023 1023 4096 4096 8191 8191
Size of process image 4 K each 4 K each 8 K each 8 K each 16 K each 16 K each 16 K each 16 K each
I/Oin bytes
Maximum 1/O address 4 K each 4 K each 8K each 8 K each 16 K each 16 K each 16 K each 16 K each
area in bytes
Interfaces MPI/DP MPI/DP MPI/DP MPI/DP MPI/DP MPI/DP MPI/DP MPI/DP
bp DP 2xDP DP 2x DP 3x DP DP
N/} .
SIMATIC® S7 Date:  12.03.03 5‘ SITRAIN Training for
File: PR01717E.4 Automation and Drives

Siemens AG 2003. All rights reserved.

CPU Types

Process 1/O

CPUs are available with the appropriate execution times, sufficient work
memory capacity and a suitable number of blocks for every performance range.

The logical addresses of the 1/0 modules are all in a linear address area of

appropriate size.

The addresses of the slave stations connected to the integral DP interface are
also mapped in this linear address area. This enables distributed 1/Os to be
accessed in the same way as central I/Os in the user program.

The address parameters for both central and distributed 1/Os are assigned with
STEP 7.

SITRAIN Training for
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Technical Specifications of the S7-400™ CPUs (2)

CPU 412-1 412-2 414-2 414-3 416-2 416-3 417-4 417H

Organization blocks OB No. OB No. OB No. OB No. OB No. OB No. OB No. OB No
Free cycle 1 1 1 1 1 1 1 1
Time-of-day interrups 10,11 10,11 10-13 10-13 10-17 10-17 10-17 10-17
Time-delay interrupts 20,21 20,21 20-23 20-23 20-23 20-23 20-23 20-23
Cyclic interrupts 32,35 32,35 32-35 32-35 30-38 30-38 30-38 30-38
Hardware interrupts 40,41 40,41 40-43 40-43 40-47 40-47 40-47 40-47
Multicomputing 60 60 60 60 60 60 60 60
Background execution | 90 90 90 90 90 90 90 90
Startup 100-102 100-101 100-102 100-102 100-102 100-102 100-102 100,102
Errors, asynchronous 80-87 80-87 80-87 80-87 80-87 80-87 80-87 80-87
Errors, synchronous 121,122 121,122 121,122 121,122 121,122 121,122 121,122 121,122

Local datain bytes 4 KB 4 KB 8 KB 8 KB 16 KB 16 KB 32 KB 32 KB

Maximum block length 48 KB 64 KB 64 KB 64 KB 64 KB 64 KB 64 KB 64 KB

Block nesting depth 16 16 16 16 16 16 16 24

per execution level

Communication

Maximum connections

static/dynamic 16 16 32 32 64 64 64 64

Global data communi-

cation with MPI:

GD circles per CPU 8 8 8 8 16 16 16 16

Send GD packets per 1 1 1 1 1 1 1 1

GD circle

Receive GD packets per 2 2 2 2 2 2 2 2

GD circle

Maximum user data size 54 bytes 54 bytes 54 bytes 54 bytes 54 bytes 54 bytes 54 bytes 54 bytes

of a packet

N/} .
SIMATI C® S7 Date: 12.03.03 ;‘ SITRAIN Training for

Siemens AG 2003. All rights reserved.

Communication

S7 Functions

File: PRO1_17E.5 Automation and Drives

The S7-400™ offers a variety of facilities for communication:

1. Integral Multi-Point-Interface (MPI), for connection of PGs/PCs, HMI
systems, M7-300/400™ systems and other S7-300/400™ systems as active
nodes.

2. Integral PROFIBUS-DP interfaces on CPUs 413-2/414-2/416-2/417-4 for
connection of distributed 1/O stations (such as ET200) to the CPU.

3. Communication processors such as CP443, for connection to the
PROFIBUS and Industrial Ethernet bus systems.

4. Communication processors such as CP441, for powerful point-to-point (PtP)
communication to other S7 or S5 PLCs or PLCs from other manufacturers.

There are two types of S7 communication functions:

S7 basic communication: These services can be used for exchanging small
guantities of data (up to 76 bytes) between communication partners (S7-
300/400™) with MPI or within a station (or to intelligent slaves with PROFIBUS-
DP).

The necessary communication SFCs are integrated in the operating system.
You don't need to configure the connections. You assign the communication

resources and specify the address of the communication partner direct in the
SFC call.

S7 extended communication: These services enable larger quantities of data (up
to 64 KBytes) to be exchanged on any network (MPI, Profibus or Industrial
Ethernet).

The necessary SFBs are integrated in the operating system of the S7-400™ (not
S7-300™, S7-300™ as server only). SFBs need configured connections when
called. Configured connections are established in accordance with the
connection table on power up, and the relevant resources are assigned
statically.

SITRAIN Training for
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Main Differences between the S7-400™ and the S7-300™

(@

)

0O 0O 0 00 0 0 0 0 0 00 0O 0O O

C

Larger memory and more I/Q/M/T/C

Addresses of input/output modules selectable

Can connect EUs from S5 and use S5 CP/IP modules

More system functions, such as programmed block communication
Block size up to 64KB and twice as many DBs

Complete restart and restart

Setpoint/actual comparison of configuration on startup

Modules can be removed without disconnecting the power supply
Several part process images

Priorities of OBs are parameter-assignable

Several OBs for cyclic, hardware and time-of-day interrupts

Block nesting up to 16 levels

Size of L Stack selectable for each execution level

4 accumulators

Multicomputimg

SIMATIC® S7

Siemens AG 2003. Al rights reserved. File: PRO1_17E.6

Differences

Y .
. SITRAIN Training for
Date: 12.03.03 "‘

Automation and Drives

The main differences between the S7-400™ and the S7-300™, with which you

have been working in this course, are listed above.
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S7-400™ Components

Racks

Communication
processors (CP)

rack (CR2)

- Universal rack (UR 1/2)
for use as CR and ER

- Universal rack for H systems

- Extension rack (ER 1/2)

- Segmented central

- Point-to-Point
CP441-1, 1- channel
CP441-2, 2- channel

- Networks
Profibus
Ethernet

Power supplies (PS)

Signal modules (SM)

- AC 120V/230V, 4A/10A/20A
- DC 24V, 4A/10A/20A

- DI/DO 32,16,8 channels

- DO wit h relay output

- AI/AO 16,8 channels

- diagnostics-capable
modules

CPU 412-1, 412-2
CPU 414-2, 414-3,
CPU 416-2, 416-3
CPU 417-4, 417H

Function
modules (FM)

- Counting
- Positioning
- Closed-loop control

SIMATIC® S7

Siemens AG 2003. All rights reserved.

Racks

S7-CPUs

FMs

IMs

CPs

L] L
Date: 12.03.03 "‘ SITRA!N Training for
File: PRO1_17E.7 Automation and Drives

The following racks are available for S7-400™ PLCs.

* UR1/UR2 are universal racks and can be used as either central racks or
expansion racks. They have 18/9 single-width slots with P and K bus.

» ER1/ER2 are expansion racks without a K bus.
» CR2is a segmented central rack for asymmetrical multicomputing.

The S7-400™ CPUs are upward compatible for all STEP 7 user programs.
There are two versions: single-width and double-width with integrated DP
master interface.

The integrated DP interface enables up to 125 DP slave stations to be
addressed. The maximum transmission rate is 12 Mbps.

The FMs for positioning, closed-loop control and counting replace the S5-IP
range.

Interface modules can be used for connecting SIMATIC® S7 and SIMATIC® S5
expansion racks to an S7-400™ central rack.

CP modules enable a CPU to be hooked up to the following networks:

* Industrial Ethernet (CP 443-1 and CP 444)
* PROFIBUS (CP 443-5)
» Point-to-Point network (CP441-1 and CP441-2).

Each CPU also has an MPI interface for connection to an MPI network. Up to 32
nodes can be connected to an MPI network.

SITRAIN Training for
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S7 - 400™ Racks
Usable in
Type of Rack Central Expansion
rack rack
UR1/UR2
(Universal Rack) P bus
Yes Yes
K bus
CR2
(Central Rack) P bus, Segment 1 | | P bus, Segment 2
Yes No
K bus
ER1/ER2
(Expansion Rack) P bus
No Yes
® . B4 SITRAIN Training for
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UR1/UR?2 UR1/UR2 can be used both as central and as expansion rack. They have a
parallel peripheral bus (P bus) for the high-speed exchange of I/0 signals (1.5
microsec./ byte) and the time critical access of the signal module process data.
In addition, UR1 (18 slots) / UR2 (9 slots) have a serial, powerful communication
bus (K bus) for high-speed data exchange (10.5 Mbps) between K bus stations
(S7/M7 CPUs, FMs, CPs, ).

By separating the P BUS and K BUS, each task is assigned its own bus system.
Control and communication have their own separate "data highways". That way,
the communication tasks do not slow down the control tasks.

CR2 The segmented CR 2 rack features an 1/O bus divided into two segments with
10 and 8 slots. One CPU can be used for each segment. Both CPUs are
respectively master for their P bus segment and can access only their own SMs.
Operating mode transitions are not synchronized, that is, the CPUs can be in
different operating modes. Both CPUs can communicate through the continuous
K bus.

Why CR2? All CPUs (max. 4) have the same operating mode in symmetrical
multicomputing, such as STOP. That is, the operating mode transitions are
synchronized.

ER1/ER2 ER1 (18 slots) / ER2 (9 slots) have no K bus, no interrupt lines, no 24 V power
supply for the modules and no battery power supply.

No Slot Rules Exception: PS on the far left and Receive IM in the ER on the far right!

SITRAIN Training for
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Module Parameters: Logical Addresses
Properties - DI32xDC 24¥ - (RO/58) x|
General Addreszes |
Input
Start: ID Process image:
End: 3 31-Pa,
Cancel Help
SIMATIC® S7 Date:  12.03.03 .;v‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_17E.9 ~ Automation and Drives
General The S7-400™ has default addresses for the 1/O modules. These defaults remain

active until a configuration is downloaded to the CPU.
The system generates these default addresses from the geographic addresses.

Addresses The default settings correspond to the slot-dependent addressing of the
S7-300™.

The address depends on the slot in which the module is inserted in the rack. It is
calculated as follows:

 digital starting address = [(rack number) x 18 + slot no. -1] x 4
» analog starting address = [(rack number) x 18 + slot no. -1] x 64 + 512

The rack number is set on the receive-IM (No. 1 to 21). The central rack always
has the number 0.

Variable (slot-dependent) addresses of the 1/O modules are established using
the HW Config tool.

Part Process Image In additon to the (full) process image (PIl and PIQ), you can assign parameters
for up to 8 part process images for an S7-400™ CPU (No. 1 to No. 8). You can
update each part process image in the user program using SFCs. This means
that you can deactivate cyclic updating of the process image and implement
event-driven updating of the process image in the user program.

SITRAIN Training for . ST-7PRO1
Automation and Drives Page 9  Tech. Data, Special Features of S7-400™
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Properties - CPU 413-2 DP - (R0O/51) x|
Time-of-Dray Interrupts | Cyclic Interrupt | Diagnostics/Clock | Fratection |
General Startup | Cycle/Clock Memary | Fetentive bemary | temary | Interrupts

¥ Startup when expected/actual configuration differ
¥ Feset outputs at bt restart

[ Disable hot restart by operatar [for example, from PG)
or communication job [for example, from MPI stations].

— Startup after Power On

= Hat restart % \udarm restart ) Coldrestart

CPU Parameters: Startup

— Monitoring Time far

"Finizhed"' meszzage by modules [100 me]: B50

Tranzfer of parameters to modules [100 ms]: 100

it restart [100 mmz]: ID

Cancel Help
SIMATIC® S7 Date:  12.03.03 .;v‘ SITRAIN Training for
Siemens AG 2003. All rights reserved. File: PRO1_17E.10 ~ Automation and Drives
Setpoint/Actual For specifying whether the CPU should stall start up if the actual 1/0
Difference configuration differs from the setpoint (expected) configuration.
Delete PIQ!!! The process image output table is deleted in the first residual cycle on hot
restart. Always select this if possible.

Restarts On Complete Restart (warm restart), the M/C/Ts are reset and the user program

starts from the beginning.
On Restart (hot restart), the retentive M/C/Ts are not reset and execution of the
user program resumes at the point of interruption.

Actions The operating system performs the following actions on startup:

deletes stacks (CR)

resets non-retentive bit memories, timers, counter (CR)

resets process image output table PIQ (CR), takes action as instructed by
parameter assignment (R)

resets external output area (CR), takes action as instructed by parameter
assignment (R)

resets interrupts (CR/R) by means of OD

updates system status list (CR/R)

transfers configuration to modules (CR/R)

(CR= complete restart, R= restart).

SITRAIN Training for
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CPU Parameters: Interrupts

Properties - CPU 413-2 DP - (RO/54) . x|
Time-of-Day Interrupts I Cyclic Intermipt I Diagnostice/ Clock | Protection |
General I Startup I Cycle/Clock Memory I Retentive Memony I Memary Inkerrupts
—Hardware Intermupts — Time-Delay Intermupts —&zpnchronous Enor Intenupts
TR Pl partition: Pricrity:
FI partition: Lo
Pricity:  [O=none] Friority:  (0=nane] _
0R20: |3— ID_ OBa1: |2B
DB40: [ : ,
Opg2: 25
geat: [+ [0 |
ost:[17 [0 e
mezz o | Jo N
oeszfo o~ ' opgs:  [25
mezz o [0 '
oeszfp o opes  [26
mE44: |0 1] _
I_ I_ — Interrupts for DF% DBEE: |2E
0545 [0 o 0Bs7. |26
PFricrity: :
opa o o
oess [24 0e7D |25
opar-fo o
oBst: Jo4 o7z |28
ogs7. [24 ne7z [0

Cancel | Help

Si MATIC® S7 Date: 12.03.03 ‘51 SITRAIN Training for
-

Siemens AG 2003. All rights reserved. File: PRO1_17E.11 Automation and Drives

Hardware Interrupts This parameter block is for setting the priorities of the hardware interrupt
organization blocks. Permissible entries are 0 and the values from 2 to 24
(0 = deselect).
Priorities range from 1 to 24 and if two interrupts occur at the same time, the
one with the higher priority is processed first.
There are 8 independent of one another hardware interrupts, each with its own
organization block. You assign the interrupt OBs to the interrupt modules when
assigning the 1/0 module parameters.

Time-Delay Interrupts A time-delay interrupt is a delayed one-time call of an organization block
activated, for example, when a process signal is received.
In this parameter block of the Interrupts tab page, you can set the priorities of
the time-delay interrupts. Permissible entries are 0 and values from 2 to 24
(0 = Deselect). Time-delay interrupts are handled by SFCs 32 to 34.

e SFC32"SRT_DINT" = Start time-delay interrupt.
 SFC33"CAN_DINT" = Cancel time-delay interrupt
 SFC34 "QRY_DINT" = Query status of time-delay interrupt

Communication The arrival of communication data can be indicated by communication interrupts
Interrupts to enable the data received to be evaluated as quickly as possible.
(coming soon)

* Global Data interrupt (OB50)

* SFB communication interrupt (OB51)

SITRAIN Training for . ST-7PRO1
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CPU Parameters: Memory
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Cancel Help
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Local Data The system reserves 256 bytes in the local data stack (default setting) for every

execution level.

If the user program requires little or no local data in several levels, you can
specify the local data requirements you want (scratchpad memory) per level
(OB).

The maximum amount of local data depends on the type of CPU

SITRAIN Training for _ ST-7PRO1
Automation and Drives Page 12 Tech. Data, Special Features of S7-400™
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Configuring Multicomputing Operation
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Overview
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Cancel Help
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Multicomputing operation is the synchronous operation of several CPUs (two to
four) in an S7-400™ central rack.

The CPUs startup together, if they have the same startup mode (complete
restart or restart) and they also go into the STOP mode together.

You can set up a multicomputing operation by inserting several multicomputing-
capable CPUs in a suitable rack. The infotext in the "Hardware Catalog"
indicates whether a CPU is multicomputing-capable.

The CPUs participating in multicomputing, "share" a common address area, that
is, the adress area of a module is always assigned to a specific CPU.

You can configure the multicomputing operation as follows:
1. Line up all the CPUs necessary for the multicomputing operation.

2. Double-click on the CPUs and adjust the CPU number in the
"Multicomputing” tab.

3. To assign a module to a specific CPU, proceed as follows:

Arrange the modules in the rack.

Double-click the modules and select the "Addresses" tab.

In the "CPU No." field select the number of the CPU you want.

For interrupt capable modules, the CPU assignment is displayed as the
target CPU in the "Inputs" or "Outputs" tab.

You can make the modules that are assigned to a specific CPU stand out
optically in the table by selecting the menu options View -> Filter -> CPU No.x
Modules.

The parameter assignment data for a station are always downloaded into all
participating CPUs; downloading into only one CPU is not possible. That way,
inconsistent configurations are avoided.

SITRAIN Training for
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SFC 35 for Synchronization in Multicomputing Operation
"MP ALIU]" |
EN - EHO‘
??2—=J0H RET_‘.VALl_ PP
Parameter | Declaration | Data type| Memory Description
JOB INPUT BYTE I,Q, M, D, L, Const. Task identifier (possible values: 1 to 15)
RET_VAL OUTPUT INT ,Q,M,D, L Return value (error code).
® . 5 s raining for
SIMATIC® S7 Dme: 120303 WIS T

Siemens AG 2003. All rights reserved.

Description

Error Code

The call of SFC 35 "MP_ALM" triggers the multicomputing interrupt. This leads
to the synchronized start of OB60 on all relevant CPUs.

With single-processor operation and with operation in a segmented rack, OB 60
is only started on the CPU in which you called the SFC 35.

You can use the input parameter JOB to identify the cause for the
multicomputing interrupt that you wanted. This task identifier is transferred to all
relevant CPUs and you can evaluate it in OB 60.

You can call SFC 35 (MP_ALM) anywhere in your program. Since this call only
makes sense in RUN mode, the multicomputing interrupt is suppressed when it
is called in the STARTUP mode. A function value informs you of this.

If an error occurs while the function is being executed, the return value receives
an error code:

W#16#0000: No error has occurred.

W#16#8090: The input parameter JOB contains an invalid value.

W#16#80A0:The OB 60 execution of the preceeding multicomputing
interrupt is not yet completed in its own or in another CPU.

W#16#80AL1: Incorrect operating mode (STARTUP instead of RUN).

SITRAIN Training for

Automation and Drives

ST-7PRO1
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Remove and Insert
Interrupt OB83

Start Information
in OB83

Replacement Value
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Inthe S7-400™, it is possible to remove and to insert modules while powered
up in RUN or in STOP mode. The exceptions to this are CPUs, PSs, S5
modules in adapter modules and IMs.

After removing a module in the RUN mode, you can - depending on the situation
- call the following organization blocks from the CPU's operating system:

» OB 85-Process image update
« OB 122-1/0 access error
* OB 83- Remove&lnsert event.

You must take into consideration that OB 83 is only called after approximately
1sec., while the other OBs, as a rule, become active much sooner.

After you insert the module, it is checked by the CPU and - if no type error exists
- it is assigned parameters. After a correct parameter assignment, the module is
available for use.

If an error is recognized during parameter assignment, the diagnostic interrupt
OB82 is automatically started.

The following information exists in the local data of OB83:
* module removed or inserted

» logical address of the module

» type of module

You can specify replacement values for the missing process signals of an input
module by using a system function.

SITRAIN Training for
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Automating with SIMATIC® S7
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Introduction In the past, the SIMATIC® product name was frequently used as a synonym for
programmable logic controllers.

Today SIMATIC® has come to mean much more: SIMATIC® is the basic
automation system for solving automation tasks in all industries. It consists of
standard components in hardware and software, that offer a multitude of
possibilities for customer-specific expansions.

Two factors have lead to this solution:

+ the new, comprehensive SIMATIC® software, that has the optimal tool for
every phase of an automation project and

+ the members of the SIMATIC® automation family, that are more than just
programmable logic controllers.

TIA Totally Integrated Automation is the new way of uniting production and process
control technology.
All hardware and software components are thus united in a single system with
the name SIMATIC®. This total integration is made possible by a threefold
integraton:

» common data management (data are only entered once),
» common configuring and programming (modular software),
e common communication (simple and uniform configuration).

In the slide you can see the individual components of TIA.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 2 Totally Integrated Automation
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The SIMATIC® S7/C7 and WinAC Controllers
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SIMATIC S7 The programmable logic controller family consists of the Micro PLC (S7-200™)
performance range, the lower/middle performance range (S7-300™) and the
middle/upper performance range (S7-400™).

SIMATIC C7 This complete system is the combination of a PLC (S7-300™) and an operator
panel of the HMI operator control and process monitoring system. The
integration of programmable logic controller and operator panel in one device
makes complete machine controls in the smallest space and at an economical
price possible.

WinAC WInAC is a PC-based solution. It is used when various automation tasks
(control, visualization, data processing) are to be solved with a PC.

There are 3 different products:
* WIinAC Basic as software solution (PLC as Windows NT-Task),
*  WIinAC Slot as hardware solution (PLC as PC card)
SITRAIN Training for ST-7PRO1
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SIMATIC C7 — Integration of SIMATIC® S7-300™ & OP
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Overview The SIMATIC® C7 complete system family represents a system integration of

PLC, peripherals and Operator Panel. This concept makes complete machine
controls in the smallest space and at an economical price possible.

The C7- 633 DP, C7-634-DP and C7-626 DP complete systems also have an
integrated PROFIBUS-DP connection.

Complete Devices The new SIMATIC® C7-620 complete system now includes the six complete
devices - SIMATIC® C7-623, C7-633, C7-624, C7-634 and C7-626, as well as
the two space savers C7-621 and C7-621 ASI. All devices are positioned in the
lower and lowest performance range of the SIMATIC® C7 complete system
family.

Customer-specific ~ When you make an expansion with a customer-specified module, the module is
Expansions installed directly on the complete device and a bus connection is established.

A customer-specified module can be connected to the SIMATIC® C7-620 when
you have special requirements that cannot be covered with standard modules.

Programming STEP 7/STEP 7-Mini, the HMI configuring with ProTool/ Lite are used for
and Configuring programming and configuration of the system's hardware configuration.

The SIMATIC® C7-623/633 and the SIMATIC® C7-624/634 can be selected with
ProTool/Lite. All functions that can also be configured with OP 5, OP7 and

OP 15, OP17 are also supported by SIMATIC® C7-620. Special functions were
also integrated in the SIMATIC® C7-620 to make working with the system
easier.

SITRAIN Training for ST-7PRO1
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STEP 7 Software for S7/C7/WinAC
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STEP 7 Micro/WIN for configuration, service and commissioning of S7-200™ logic controllers

STEP 7 Mini for programming, service and commissioning of simple stand-alone applications
of S7-300™ and C7-620.
Unlike STEP 7, there are the following restrictions:
» cannot (additionally) load option packages, for example, Engineering Tools.
* no communication configuration (CPU - CPU communication) possible.

STEP 7 Basic package for configuring and programming S7-300™/400™/WinAC logic
controllers with interfaces to the option packages.

Options Options are software packages for program generation, debugging and
commissioning:
 S7-SCL = PASCAL-similar high level language.
» S7-GRAPH = Graphic programming of sequence control systems.
e S7-HiGraph = Graphic programming of machining sequences.
« CFC = Graphic configuring and interconnection of blocks.
 S7-PLCSIM = Testing the program logic offline on the PG/PC.
» S7-PDIAG = Process diagnostics for logic controllers and sequence

control systems.
» S7-VersionStore = Management of STEP 7 projects.

» TeleService = Extension of the MPI interface using the telephone
network.

« HARDPRO = Configuration software for hardware.

+ DOCPRO = Documentation software.

Closed-loop Control Runtime Software (standard function blocks and parameter-assignment tools)
(Engineering) for solving closed-loop control engineering tasks.

SITRAIN Training for ST-7PRO1
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Programming Sequence Control Systems with S7- GRAPH
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O Steps contain actions [ S2 ] [ S5 ] [ S6 ]
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for switching to the next step 4
- T2 T T5

a The following phases of
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O Programming T T3

O Debugging O
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S7-GRAPH With the S7-GRAPH programming language, you can clearly and quickly

Functionality

Test Functions

User Interface

configure and program sequential sequences that you wish to control with an S7
PLC system.

The process is thus split into single steps with their own function scope. The
sequence is graphically displayed and can be documented with picture and text.

The actions to be performed and the transitions, which control the conditions for
switching to the next step, are determined in the individual steps. Their
definitions, interlocking or monitoring are determined by a subset of the

STEP 7 programming language LAD (ladder diagram).

S7-GRAPH for S7-300™/400™ is compatible with the sequence language
established in the DIN EN 6.1131-3 standard.

The following functions are offered:

» Several sequencers in the same S7-GRAPH function block
» Free number assignment of the steps and transitions

* Simultaneous branches and alternative branches

» Jumps (also to other sequence cascades)

» Starting/Stopping of sequence cascades as well as activating/holding of
steps.

» Display of active steps or faulty steps
» Status display and Modify Variable

» Switching between the operating modes: manual, automatic and jogging
mode

» Overview, Single Page and Single-step display
» Graphic separation of locking controls and monitoring conditions.

SITRAIN Training for
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Programming using the State Diagram Method with S7- HiGraph
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Overview S7-Higraph allows the asychonous processes to be described using state
diagrams. The machine or system to be automated is looked upon as a
combination of independent elements, the function units.

Function Units The function units are the smallest mechanical units of a machine or system. As
a rule, a function unit is made up of mechanical and electrical basic elements. In
programming, a state diagram is assigned to every function unit. In it, the
functional, that is, the mechanical and electrical properties of the function unit
are mapped.

State Diagram The state diagram describes the dynamic behaviour of a function unit. It
describes the states that a function unit can have, as well as the state
transitions. State diagrams can be used more than once. State diagrams that
were created once for a specific function unit, can be reused in other progam
locations.

Diagram Groups By combining parallel running state diagrams, you can describe the complete
and Instances functionality of a machine or system.

Advantages This "object-oriented" method of S7-HiGraph is well suited for:
» the machine and system manufacturer (mechanical engineering)

» the automation specialist (electrical engineering) as common means of
description

» the commissioning engineer and the maintenance specialist

The state diagram method helps to optimize the entire process for the creation
of a machine or system in the sense of shorter development and turnaround
time as well as less commissioning time.

SITRAIN Training for ST-7PRO1
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Programming in the High Level Language S7- SCL

a S7-SCL: High level language for VAR_INPUT

Creating PLC programs Init :BOOL; // Reset output value
. . X :REAL;  //Input value
O Compatible with DIN EN 6.1131-3 Ta :TIME;  // Sampling interval in ms
(ST=Structered Text)) Ti : TIME; /I Integration time in ms
olim : REAL; /I Output value upper limit
O Certified according to PLCopen ulim :REAL; // Output value lower limit
Base Level END_VAR

O Contains all the typical elements | VAR_OUTPUT
i y
of a high level language, such as END_VAR
operands, terms, control

statements BEGIN _ -
. . IF TIME_TO_DINT(Ti) =0 THEN  // Division by ?
O PLC specifics are integrated, OK := FALSE;
i y :=0.0;

such as /O access, timers, LETURN:
counters...) END_IF:

. IF Init THEN

Advantages: V= 0.0:
ELSE

O Well structured, easy to

understand program IF y > olim THENy := olim; END_IF;
O For those knowlegeable in high N e im THEN y := ulim: END_IF:
level langugages END_FUNCTION_BLOCK

O For complex algorithms

FUNCTION_BLOCK Integrator

. REAL:=0.0; // Initialize output value with O

y = y+TIME_TO_DINT(Ta)*x/TIME_TO_DINT(Ti);

SIMATIC® S7

Siemens AG 2001. All rights reserved.

Overview

Functionality

Advantages of SCL

L] L
Date: 12.03.03 "‘ SITRA!N Training for
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S7-SCL (Structured Control Language) is a PASCAL-similar high level text
language for S7 - 300™/400™ and C7 and simplifies the programming in control
technology for mathematical algorithms, data management and organization
tasks.

S7-SCL has the PLC open Base Level certificate and is in accordance with the
DIN EN 6.1131-3 (Structured Text) standard.

With S7-SCL, you can formulate time-saving and economical solutions for
automation tasks.

SCL offers the functional scope of a high level language such as:
* loops

» alternatives

» branch distributors, etc.

combined with control-specific functions such as:

» bit accesses to the I/O, bit memories, timers, counters etc.

» access to the symbol table

» STEPY block accesses

» simple to learn programming language especially for beginners
» easy to read (understandable) programs are generated.

» simpler programming of complex algorithms and processing of complex data
structures

» integral debugger for symbolic debugging of the source code (single-step,
breakpoints, etc.)

» system integration in S7 languages such as STL and LAD.

SITRAIN Training for
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Overview With the engineering tool CFC (Continuous Function Chart), you can create

SIMATIC® S7 automation tasks by drawing a technology plan - similar to a
Function Block Diagram in PLC programming.

In this graphic programming method, blocks are positioned in a type of drawing
sheet and are graphically interconnected with one another. You can quickly and
easily convert technological aspects into complete executable automation
programs with CFC.

Scope The following is supplied with CFC:

Customer Benefits .

CFC Editor

Code Generator
Debugger

Standard block libraries

The CFC product, as an option package, is smoothly integrated in the
STEP 7 architecture with a unified Look & Feel and with common data
management. CFC is easy to use, easy to learn and provides consistent
data management.

You can use CFC for simple tasks as well as for very complex tasks.

Simple interconnection technology makes communication between blocks
user-friendly to configure.

Manual handling and management of machine resources is no longer
necessary.

User-friendly testing and debugging are supported

SITRAIN Training for

Automation and Drives
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Configuring Sequence Control Systems with S7- SFC
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SFC (Sequential SFC is a sequence control system with step by step execution, that was
Function Chart) designed especially for the demands of process control systems (process
engineering, process control engineering, etc.).
The typical fields of application for sequence control systems of this type are in
the areas of discrete production processes. Sequence control systems can,
however, also be installed in continuous systems, for example, for startup or
shutdown, working point changes as well as state changes due to disturbances
etc.
With SFC, for example, product manufacturing specifications can be written as
event-driven processes.
Principle In the SFC Editor, you generate the flow chart by graphic means. The structure

Method of Operation elements of the plan are thereby placed according to fixed rules. You do not
have to worry about details such as algorithms or the allocation of machine
resources, but instead can concentrate on the technological aspects of the
configuration.

After generating the plan topology, you switch into the detail display (zoom-in
configuration) and there assign parameters to the individual elements, that is,
you configure the actions (steps) and the conditions (transitions).

In the programming of actions, functions of the basis automation, typically
generated with CFC, are controlled or selectively processed per operating
change and state change.

After configuration, you generate the executable machine code through the
SFC, download it into the PLC and test it with the SFC test functions.

SITRAIN Training for ST-7PRO1
Automation and Drives Page 10 Totally Integrated Automation
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Process Diagnosis with S7- PDIAG

Q Process diagnosis: Detection of
faults occurring outside the PLC

O Sensor/actuator defective, movement faulty,

a S7- PDIAG: Tool for configuring
the fault definition in STL, LAD, FBD
O Integrated in the development environment L

o Simple formulation of fault monitoring and = =
message texts (during and after the
program session)

O Fault detection and criteria analysis are
conducted automatically

O Comprehensive information for the operator
on:

= type of fault -

» |ocation of fault
» cause of fault 11.0 Q1.0
0 Reduction of down-time S |_| C
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Process Diagnosis  Diagnosis is important in the operating phase of a plant or machine. Diagnosis is
usually initiated when a fault leads to standstill or malfunction of the plant or

machine.

Programmable logic controllers are widely used in many areas. Field experience
has proven that over 98% of faults occur in the peripherals (such as magnet
valves and end switches). The distribution of fault occurrences makes it
meaningful for the diagnosis to focus on process faults, since missing messages
or faulty functions lead to down-times and the resulting costs.

Process diagnosis diagnoses exactly these external components (such as
sensors and actuators) or sequences in the process of a plant or machine.

S7-PDIAG The S7-PDIAG software package enables a uniform configuration of the process
diagnosis for the SIMATIC® S7-300™/400™ controllers in the LAD, FBD and

STL programming languages.

You can already define signal monitoring routines including first-up signal
acquisition and criteria analysis and input the associated message texts while or
after creating the user program in the LAD, FBD or STL programming
languages. PDIAG automatically generates monitoring blocks which you must

call in your user program.

At every call, the fault conditions are checked and in case of an error, the
relevant process values are acquired and sent to the display device for the

criteria analysis.

For the configuration of the operator panel, S7-PDIAG stores the process
diagnosis data in a shared database. This data can then be accessed by the OP
configuration software SIMATIC® ProTool with the option package ProAgent and

be made available for display on the operator panel.

SITRAIN Training for
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Testing User Programs with S7- PLCSIM
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S7 - PLCSIM The SIMATIC® S7-PLCSIM engineering tool (option package) emulates a
complete S7-CPU including addresses and I/O on a PG/PC.

S7-PLCSIM thus enables you to test a program offline on the PG/PC. All STEP
7 programming languages (STL, LAD, FBD, S7-Graph, S7-HiGraph, S7-SCL
and CFC) can be used.

S7-PLCSIM allows you to check the functionality of user programs on the
PC/PG, regardless of whether the final hardware is available or not.

Functionality S7-PLCSIM offers the following functions for running a program on a simulated
PLC:

+ Anicon in the SIMATIC® Manager's toolbar switches the Simulation on or off.
If the simulation is turned on, every new connection is automatically made to
the simulated PLC.

If the simulation is turned off, then every new connection is made to the
“real" PLC.

* You can create view objects that allow you to access memory areas, accu-
mulators and tabs of the simulated CPU. You can modify and display all the
data in these view objects.

* You can change the CPU's operating mode (STOP, RUN and RUN-P) just
as with a "real" CPU. The simulation also provides a "Pause" function that
allows you to halt the program execution without affecting the state of the
program.

Advantages With S7-PLCSIM, you can detect faults early in the development phase and
eliminate them. The quality of the user programs is greatly improved and the
commissioning costs are lowered.

SITRAIN Training for ST-7PRO1
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Remote Maintenance and Remote Diagnosis with TeleService

connection to SIMATIC® S7/C7

a "Extends" the MPI using
telephone/radio networks — g

O STEP 7 functionality
O Market standard modems and TS adapter
TS adapter |_—r|

O Fault detection, fault elimination
and commissioning from a central

O Reduction of maintenance costs
O Faster upgrading of the system

Makes an online CPU /o CPU

MPI bus

system
modem

Control room with . o
STEP7 and TeleService w

———, modem

SR

SIMATIC® S7

Siemens AG 2001. All rights reserved.

TeleService

Configuration

Procedure

Advantages

L] L
Date: 12.03.03 "‘ SITRA!N Training for
File PRO1_18E.13 & Automation and Drives

With Teleservice, SIMATIC® S7 / C7 PLCs can be remotely maintained with the
PG/PC using a telephone network or a radio network. All the while, you have the
full functionality of STEP 7 and the Engineering Tools at your disposal.

A PG/PC is connected to the PLC using standard modems available on the
market. The following are supported:

* Analog modems
» External ISDN adapter/modems
» GSM technology (such as D1 network)

On the plant side, a teleservice-capable TS adapter is inserted between the
standard market modem and the MPI network. All stations (nodes) are thus
accessible on the MPI network with this connection.

To set up teleservice operation, you must carry out the following steps:

» Assigning parameters to the modem on the PG/PC side (TS adapter with
default parameters for the modem on the plant side) using the teleservice
package.

» Establishing a remote connection, supported by an electronic phone book,
which includes system management in the form of a file system.

» Carrying out remote maintenance with the full function scope of STEP 7
and the Engineering Tools.

Through the accessibility of PLCs in remote (other rooms, plants, etc.) locations
you can carry out technical services such as maintenance, update services or
fault analysis from a central service base cost effectively.

SITRAIN Training for
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O Advantage:

o Convenient creation | ...
of documents Reference number

Creating Plant Documentation with DOCPRO

o DOCPRO: Creating wiring
manuals for plants

O Standardized layout templates,
can be modified to your needs

O Generates reference numbers,
generates indexes

O Prints the entire documentation |
inonerun (such as at night) |

Layout template

Project

SIMATIC® S7
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DOCPRO is a tool for creating and managing plant documentation. DOCPRO
allows you to structure project data, prepare wiring manuals and print out all this
information in a uniform format.

DOCPRO provides you with user-friendly functions for creating and managing
the documentation as a wiring manual of the plant:

Creation of wiring manuals and job lists (result of print jobs);
a wiring manual is subdivided into job lists.

Central creation, editing and managing of footer data; the individual jobs can
also be assigned footers that contain information about the particular job.

Standard layout templates supplied with the program in different formats as
the starting point for your own layouts and coversheets.

Automatic and manual assignment of reference numbers; you can assign the
job's reference numbers according to your own criteria.

Automatic creation of document indexes of the printed documentation.

Printing of job lists and wiring manuals; the jobs of a job list are printed in the
predefined sequence.

You can take a look at the print reports and status list after printing is
completed.

The project data of a project/plant can be clearly documented with DOCPRO. A
structured (well-organized) documentation makes additional work on a project
as well as service work easier and thus saves time and money.

SITRAIN Training for
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Runtime Software for Closed-loop Control Engineering Tasks

Confi- Basic SW
gura- or
Overview tion option
tool package
| PID Controller | | No | | |
| Basic SW PID Control || Yes | | |
I | | | | I
| Standard PID Control | | Yes | | | _ _ | |
| Modular PID Control | | Yes | | |
I | | | | I
| Fuzzy Control | | Yes | | | _ | |
| Neuro Systems | | Yes | | |
| Closed-loop control m. | | Yes | | |
S7-200™| |S7-300™ |S7-400™ Cc7
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Closed-loop In a closed-loop control system process variables are controlled in such a way

Control Engineering
Basic Software

PID Control
Standard

PID Control

Modular
PID Control

Fuzzy Control

NeuroSystems

Closed-loop Control
Modules

that they reach their new preset values as quickly as possible and that they
maintain these in spite of the effect of disturbances.

The STEP 7 basic package already contains a series of function blocks for
solving simple control engineering tasks.

This additional package contains blocks and a parameter assignment tool with
integrated control setting for standard tasks such as temperature controllers,
flow rate regulators, pressure regulators etc.

Through the interconnection of supplied standard function blocks, you can
implement just about every closed-loop control engineering structure, even in
the upper performance range of process engineering.

The package contains 27 FBs and a commissioning tool.

Fuzzy Systems are used when the mathematic description of a process difficult
or even impossible, when a process behaviour is not consistent, when non-
linearities occur, but, on the other hand, experience with the process exists.

Neuronal Systems are used with those problems, whose structure and solution
are only partly known.

NeuroSystems can be used in all automation levels, from the individual closed-
loop controller to the optimization of a plant.

The closed-loop control modules FM355 (for S7-300™) and FM455 (for
S7-400™) are intelligent 4 and 16 channel modules for universal closed-loop
control tasks in chemical and process engineering, with rubber and plastics
machinery, with heating and cooling units, in the glass, ceramic and paper
industry, etc.

SITRAIN Training for
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PROFIBUS

Industrial Ethernet Manage-
ment level

Communicating with SIMATIC NET

Cell level

Actuator Actuator-

Sensor- sensor

Interface level
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SIMATIC® NET SIMATIC® NET is the name of an entire family of networks.

Industrial Ethernet

Profibus

AS-Interface

» Industrial Ethernet according to IEEE 802.3 - the international standard for
the networking of areas and cells

» PROFIBUS according to EN 50170 - the international standard for the field
area and the cell network with a limited number of nodes

* AS-Interface - for communication with sensors and actuators.

The Industrial Ethernet network is a cell level network according the
international standard IEEE 802.3 (Ethernet) and is designed for industrial use.
Extensive open network solutions are possible. A high transmission rate is
guaranteed with various transmission media. Industrial Ethernet is an industry
standard, world-wide tested and accepted. The Industrial Ethernet network
functions according to the IEEE 802.3 standardized accessing procedure
CSMAJ/CD (Carrier sense multiple access with collision detection).

PROFIBUS is the bus system for cell networks with a limited number of nodes. It
is based on the European standard EN 50170, Volume 2, PROFIBUS. Since the
requirements according to EN 50170 are fulfilled, PROFIBUS guarantees
openness for the connection of components from other manufacturers that
conform to standards. The PROFIBUS accessing procedure functions according
to the "Token Passing with subordinate Master-Slave" procedure. As a result, a
distinction is made between active and passive network participants.

The AS-Interface is a networking system for binary sensors and actuators in the
field area. With AS-Interface, binary actuators and sensors become capable of
communication, for which a direct field bus connection was not technically
possible up until now or was not economical.

Unlike the powerful PROFIBUS, the main area of use for the AS-Interface line is
the transmission of small amounts of information such as from switching
positions.

SITRAIN Training for
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Operator Control and Process Monitoring with SIMATIC® HMI

Process visualization

system
- SIMATIC® WinCC

Scrmainy

SIEMENS
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Configuration and
visualization software
SIMATIC® ProTool
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Overview For the SIMATIC® S7, there is a field-proven HMI system for user-friendly
process control and monitoring available, the SIMATIC® HMI. It ranges from the
simple text display to the process visualization system.

SIMATIC® S7 and SIMATIC® HMI are completely harmonized and integrated.
This simplifies the use of the human-machine interface system SIMATIC® HMI
considerably.

+ SIMATIC® S7 has already integrated HMI services. The HMI system
requests process data from the SIMATIC® S7. Data transmission between
SIMATIC® S7 and SIMATIC® HMI is carried out by the two operating systems
and does not have to be taken into account in the user program.

SIMATIC® HMI systems can be connected directly to PPI (S7-200™) and
MPI or Profibus (S7-300™ and S7-400™). Operation using PROFIBUS
makes process control and monitoring even over greater distances possible.

» Numerous features from the uniform database and symbols up to the same
user-friendly Windows-oriented user interfaces simplify the use of HMI
systems.

SITRAIN Training for ST-7PRO1
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Consistent Configuration with SIMATIC® ProTool
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ProTool SIMATIC® ProTool and SIMATIC® ProTool/Lite are modern configuration tools
ProTool/Lite for configuring SIMATIC® Text Displays, Operator Panels, Touch Panels as well
as the HMI portion of the SIMATIC® C7 complete system.

While you can configure all devices with SIMATIC® ProTool, SIMATIC®
ProTool/Lite, as the economical version, is restricted to the configuration of line
oriented devices.

Functionally, SIMATIC® ProTool/Lite is a subset of SIMATIC® ProTool. The
operator control and configuration philosophy of both tools is the same.

ProTool/Pro SIMATIC® ProTool/Pro upwardly expands the existing product family of
SIMATIC® ProTool with the Operator Panel OP37/Pro and supplements the
panels with a runtime software for a standard PC.

ProTool/Pro contains the basic functionality of the graphic display units (OP27,
OP37) and thus creates a visualization consistency from the existing graphic
OPs up to the PC-based systems.

ProTool/Pro stands out with the following features:
» Runtime software for various platforms

- OP37/Pro (Windows 95)

- Standard PC (Windows 95/98ME MS and NT 4.0/2000)
» Extensive basic functionality of the graphic OP OP27, OP37
» Expanded functional scope to OP27, OP37

SITRAIN Training for ST-7PRO1
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WinCC SIMATIC® WinCC (Windows Control Center) is the open process visualization

Function Modules

Basis of WinCC

system from Siemens. It can be integrated problem free in a new or already
existing PLC system.

The heart of SIMATIC® WinCC is an industry and technology independent basic
system with all the important functions for operator control and monitoring, such

as:

pixel graphic display

measured value acquisition (archiving functions, data compression,
minimum and maximum values etc.)

message display, archiving and reporting

process communication to different PLC systems

standard interfaces, for example, Microsoft programs

documentation of machine and process sequences with individual reports.

WiInCC V5 is based on the 32-bit standard operating systems Windows NT/2000
from Mircrosoft. This platform gives WIinCC the following functionality:

use of the Windows operating equipment (such as printer and driver)

data exchange with other Windows applications via DDE, ODBC, SQL,
OLE, ActiveX and OPC.

API programming interface
use of hardware available in the market

SITRAIN Training for
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SIMATIC® PCS 7 represents the new control system generation in SIEMENS. It
is the consistent, further development and summary of the experiences with
TELEPERM M, SIMATIC® PCS and SIMATIC® S5 based systems. As a result, it
is tailored to the process control system tasks in all industries.

The Engineering System can be designed as its own station in the system. It
can however also be loaded as a software package in the OS components at
the same time.

The Engineering System has the following components:

+ STEP 7 with the SIMATIC® Manager, the central database, and with HW
Config for configuring hardware and networks. It also contains the servers,
that facilitate consistent configuration between PLC and OS.

e SCL (Structured Control Language) as PASCAL-similar higher level
programming language for block generation

» CFC (Continuous Function Chart) for graphic configuration of the basic
automation functions

» SFC (Sequential Function Chart) for graphic configuration of production
sequences

+ Expansion of the SIMATIC® Manager with a technological hierarchical view
*  WinCC (Windows Control Center) for OS configuration
» DOCPRO for documenting configuration data

» Import—/Export wizard for bi-directional data exchange with other CAE
systems

These components are supplemented by libraries that provide pre-defined
blocks for PLC and OS.

SITRAIN Training for
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DRIVES Technology — The Muscles of TIA

Consistent drives spectrum for all applications
o from standard drives with 100 W

up to large drives with 50 MW
O motion and vector control

O technology-specific closed-loop
controllers
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Overview You have the following drives spectrum:

Low voltage motors are the first High Performance AC for machine and
systems - the solution for the future: maintenance free, dynamic and
powerful.

SIMOVERT MASTERDRIVES frequency converters. They control the speed
of AC motors extremely exact. This series was designed for world-wide

use. Itis suitable for all supply voltages from 230 to 690 volt and is certified
world-wide.

MICROMASTER and MICRO/MIDIMASTER Vector standard converters are
frequency converters in the 120 watt to 75 kW performance range. Because
of their compact form, they can be installed in the smallest space. The
sensorless vector control allows it to be used in the medium performance
range even for demanding applications.

COMBIMASTER are compact units consisting of three-phase low voltage
motors and frequency converters.

MICROMASTER Integrated are frequency converters (IP 65) that are applied
directly to three-phase low voltage motors of different manufacturers.

MICRO/MIDIMASTER Eco are frequency converters specially designed for
the requirements of the heating, ventilation and air conditioning industry.

SIMOREG converter equipment are fully digital compact units for three-
phase operation and are used for armature and field supply of variable speed
DC drives. The range of rated direct current of the devices is from 15 to
2000 A and can be increased by parallel connection of SIMOREG devices.
The most familiar applications include hoisting gear, ski lifts, elevators,
cranes, and other reversing drives.

SITRAIN Training for
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DRIVES Technology — as a Component of TIA
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Software Modules SIMATIC® DriveES supports the connection of SIMOREG, SIMOVERT, and
SIMODRIVE variable speed drives to a higher-level SIMATIC® S7 controller
system.

Profibus The connection is made using the standardized communication system
PROFIBUS-DP according to the “PROFIBUS profile variable speed drives,
PROFIDRIVE" or using the “universal interface protocol“.

Templates Prefabricated symbols (templates) make the creation of system pictures easier.

SITRAIN Training for ST-7PRO1
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The new SIMATIC® family unifies all devices and systems, that is, hardware as
well as software, into a uniform, powerful system platform.

In this platform, the system borders that have existed until now, that is, the
borders between computer world, PLC world and process control, that is,
between operator control and monitoring and control, between central and
distributed automation are overcome.

This totally integrated automation offers you, among other things, the following

advantages:

» A scalable hardware platform, that is, the optimal (price/performance)
functionality (PLC or computer) can be chosen for the task to be solved.

* An open totally integrated automation environment, that is, an existing
system can be easily extended, or existing or future automation solutions
can be integrated.

Existing investments retain their value. The transition from an existing
SIMATIC®, TELEPERM or Tl environment can be carried out very easily.

» Powerful software increases the productivity in the implementation of a
project and thus reduces the engineering and life cycle costs. In addition,
expenses for commissioning, maintenance and service are reduced.

» SIMATIC® is based on Windows standards and can thus easily use their
applications (standard software) and communication mechanisms.

SITRAIN Training for

Automation and Drives

Page 23

ST-7PRO1
Totally Integrated Automation



SIEMENS

What's Next ?

SIMATIC S7 '

47 SIMATIC NET

SIMATICNET |

and other courses on PCS7, IT, NC ....

v .
SIMATIC S7 Date: 12.03.03 ‘5‘ SITRAIN Training for
-

Siemens AG 2003. All rights reserved. File: PRO1_14E.1 Automation and Drives

We'd just like to say a few words...

Contents:
* What's Next ?
» Our Automation and Drives Training
* SIMATIC Training
 Upgrade from SIMATIC S5 to SIMATIC S7
» SIMATIC S7 System Training
» SIMATIC S7-200 Training
» SIMATIC S7 Option Packages
* SIMATIC WinCC
* SIMATIC NET
 Systematic SIMATIC S5 Training
* PLC Technician
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Our Automation and Drives Training

a Training Courses
O onsiteorin
O 200 locations in
O 60 countries
a Future-oriented and Topical Training
o first hand
o from the market leader
O Task-oriented Training
O individually decided with you

a Training for everybody, in all areas of
Automation and Drives

Training from A&D

v .
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What are the advantages of our SIMATIC Training for you?

» Fast, effective acquisition of knowledge
» Saves downtimes at your plant

» Ensures quality

» Gives you motivated personnel

» Simplifies and shortens decision-making processes

Note The following pages present just a sample of our extensive range of
SIMATIC courses.

We'll gladly send you information about our entire course spectrum at your
request!

Look us up on the Internet:
http://www.sitrain.com
or call our Info Line:

Tel: 01805 23 56 11
Fax: 01805235612

SITRAIN Training for ST-7PRO1
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SIMATIC Training

a SIMATIC S7

o SIMATIC HMI (ProTool/Pro, WinCC) _

o SIMATIC NET (PROFIBUS, Ethernet) MEmmmEE- i
n
a SIMATIC S5 ---

Ky

v .
SIMATIC S7 Date: 12.03.03 ‘b‘ SITRAIN Training for
-
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You have just attended one of our courses and we hope it came up to your
expectations.

Above all, we hope you will be able to use the knowledge you obtained at the
course to advantage in your work.

We would like to continue to be your partner in training for your career in the
future.

For this reason we have outlined some of our current courses for you on the
next few pages.

SITRAIN Training for ST-7PRO1
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Upgrade from SIMATIC S5 to SIMATIC S7

Installation, Service and Operating Personnel
Sound SIMATIC S5 knowledge and SIMATIC S5

programming experience
PC and Windows knowledge

SIMATIC S7

Upgrade SIMATIC S5 -> S7

ST-7TUPSERV 5 days

. B4 SITRAIN Training for

sSieImIZ/nIsAA\;erth& izjhts reserved. Eilaet:e' éﬁooglfixazx ‘!‘ Automation ;nd Dri?/;s
ST-TUPSERV Upgrade SIMATIC S5 -> S7 for Service
Course Contents - SIMATIC S7 system overview
(Excerpt): - Mounting and maintaining the automation system

- Configuring hardware and assigning parameters to it

- Hardware and software commissioning

- Becoming familiar with STEP 7 software for troubleshooting and program
expansions and being able to use it

- Block types and symbols

- Documenting, saving and archiving

SITRAIN Training for ST-7PRO1
Automation and Drives Page 4 What's Next?
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Planning and Programming Engineers
A
Technical training such as engineer, technician
PC/Windows knowledge, Programming experience,
Knowledge of digital technology

SIMATIC S7 System Training

Installation, Service and
Operating Personnel
A

Basic knowledge of control engineering

AN
ST-7SERV1 5 days

A SIMATIC S7 Training for
SIMATIC S7 i | + 7
Programming 1 ST-7SERV2 5 days
ST-7PRO1 5 days R

iI !_, ~ /,
SIMATIC S7 SIMATIC S7

Advanced course for
Service/Maintenance

ST-7SERV++

Advanced course for
Progr./Service

ST-7PRSERV 5 days 5 days

zv‘ SITRAIN Training for

Automation and Drives

- Hardware and software commissioning of the programmable logic controller
- Overview of the S7-300 software configuration and parameter assignment

- Detecting and eliminating software errors, that lead to the CPU Stop state

SIMATIC S7 Date: 12,0303
Siemens AG 2003. All rights reserved. File: PRO1_14E.5
ST-7PRO1 SIMATIC S7 Programming 1
Course Contents - System overview and main performance features
(Excerpt): - Block types and symbols for program structuring and program creation
- Test tools for system information, troubleshooting and diagnostics
- Hardware configuration of the modules
- Communication via MPI interface
ST-7SERV1 SIMATIC S7 Service Training 1 (System Handling)
Course Contents - Ability to configure and install a programmable logic controller
(Excerpt):
ST-7SERV2 SIMATIC S7 Service Training 2 (Troubleshooting)
Course Contents - Using STEP 7 software for troubleshooting
(Excerpt):
- Detecting and eliminating logical software errors
- Saving and documenting program changes that were made
ST-SERV++ SIMATIC S7 Service/Maintenance
Course Contents - Software start-up
(Excerpt): - Integrating FCs and FBs in the program
- Error organization blocks
- Outputting diagnostic messages
- Distributed Peripherals
- Using ProTool/Pro for troubleshooting
- Troubleshooting in the MPI network
ST-7TPRSERV SIMATIC S7 Programming/Service
Course Contents - Creating a program for a conveyor belt
(Excerpt) - Programming FCs and FBs

- Programming error organization blocks
- Being able to evaluate diagnostic data

- Distributed Peripherals, basics

- Using Pro/Tool Pro for troubleshooting

SITRAIN Training for

Automation and Drives

ST-7PRO1
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SIMATIC S7 Online Course Studies

PLC Professional - Programming

Planning and Programming Engineers

Installation, Service and Operating Personnel

PLC Professional - Programming Basic
ST-OKPPRO1 approx. 3 months

PLC Professional - Programming Advanced
ST-OKPPRO2 approx. 3 months

PLC Professional - Programming Experts

ST-OKPPRO3 approx. 3 months
. B4 SITRAIN Training for
ssielmlz/nlﬁ;rzltmcs. iz;hts reserved. Ei?et:e' ézR;OoSl'EEAE.s ‘!‘ Automation and Dri?/es
ST-OKPPRO1 PLC Professional - Programming Basic
Course Contents: - Important performance features of the SIMATIC S7 system family

- Project structure and project management

- Basic programming, absolute and symbolic

- Block architecture and block editor

- Binary and digital operations

- Data storage in data blocks

- Functions and function blocks

- Organization blocks

- Debugging tools and troubleshooting procedure
- Documenting, saving and archiving programs

ST-OKPPRO2 PLC Professional - Programming Advanced

Course Contents: - SIMATIC S7 hardware configuration and simulation
- Status word and arithmetic operations

Structured programming

Organization blocks and analog value processing

Variable addressing (direct and indirect)

Troubleshooting in the user program

ST-OKPPRO3 PLC Professional - Programming Experts

Course Contents: - Multi-instances
- Creating and using complex data structures
- Accessing complex data structures using indirect addressing
- Passing on complex data between parameter-assignable blocks
- Integrated error handling and libraries
- Configuration exercises (Exam preparation)
- Exam with Certificate

SITRAIN Training for ST-7PRO1
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SIMATIC S7-200 Training

Configuring/Programming and Installation/Maintenance

A
Basic knowledge of control engineering

PC/Windows knowledge

SIMATIC S7

S7-200 Workshop

ST-7MICRO 2 days

. B4 SITRAIN Training for

ilml\e/nlsAA\;rZI(mCS izjhts reserved. Eiig?. éioos‘lgf4E7 ‘!‘ Automation :nd Dri?nfes
ST-7MICRO SIMATIC S7, S7-200 System Course
Course Contents - Becoming familiar with the performance features of the SIMATIC S7-200 PLCs
(Excerpt): and programming devices

- Expansion facilities and S7-200 addressing

- Ability to structure, write, document and start up simple programs for control
tasks on SIMATIC S7-200 PLCs

- Ability to use STEP7 Micro/WIN programming tools for program creation,
documentation, program test and troubleshooting

ST-7PRO1

SITRAIN Training for
What's Next?

Automation and Drives Page 7



SIEMENS

SIMATIC WinAC

Configuring/Programming

A
SIMATIC S7 knowledge equivalent to the
ST-7PRO1, ST-7SERV1/2 or ST-7TUPSERV

courses

A A

SIMATIC S7 SIMATIC S7

PC-Based Control with WinAC Component based Automation

ST-7TWINAC 2 days ST-7CBA 2 days

. B4 SITRAIN Training for

ilml\e/nlsAA\;rZIOOCS izjhts reserved. Ei?:. I%’%ROO?’l?iES ‘!‘ Automation :nd Drgltfes
ST-TWINAC SIMATIC S7, PC Based Control with WinAC
Course Contents - Introduction to PC based control with SIMATIC WIinAC
(Excerpt): - WIinAC hardware components, properties, components

- Use of Data-OCX and supplied OCXs
- Assigning parameters to the MPI card
- Overview of OPC / ActiveX / DCOM for WinAC

ST-7CBA SIMATIC S7, Component based Automation
Course Contents - Basics of structured programming
(Excerpt) - Product overview of CBA components

- Component creation

- SIMATIC IMAP as central engineering tool

- HMI link using SIMATIC OPC Server

- Notes and solution approaches on component design

SITRAIN Training for ST-7PRO1
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SIMATIC S7 - Additional Courses (Excerpt)

Configuring/Programming

AR
SIMATIC S7 knowledge equivalent to the ST-7PRO1, SERV1/2 or ST-7TUPSERV

courses
AR
SIMATIC S7
S7-400H System Course
A, vy, ASUNEER, ARSSE sT-7H400H 3days
SIMATIC S7 SIMATIC S7
. . OP and DP
R Configuration A —
ST-7PDIAG 2 days ST-7PROJ 5 days SIMATIC S7
Software Redundancy
ST-7THSWRED 1 day
. B4 SITRAIN Training for
Sslelrnlz/r!sAA\;rZIOOCS izjhts reserved. Ei?etie. ééooglff“Eg ‘!‘ Automation and Dri?/es
ST-7PDIAG SIMATIC S7, Process Diagnosis
Course Contents - Introduction to the principles of process diagnosis
(Excerpt): - Becoming familiar with/configuring the types of monitoring
- Diagnostic messages on the Operator Panel (OP27) with ProTool and
ProAgent
- Support of process units and motion
- Process diagnosis for sequential control with S7-GRAPH
ST-7PROJ SIMATIC S7, Projektieren OP und DP
Course Contents - System overview and essential performance features of the S7 controller,
(Excerpt): Operator Panel (OP) and PROFIBUS DP
- Hardware configuration SIMATIC S7, OP27(17) and ET200M
- Introduction to configuration with ProTool
- Data exchange between STEP7 and a standard Windows application,
such as MS Excel using DDE Manager
- Besonderheiten der S7-400
ST-7H400H SIMATIC S7, System Course S7-400H
Course Contents - Theory of redundancy basics
(Excerpt) - SIMATIC S7-400 H operating system
- Programming and Diagnostics
- I/O peripheral options
- STEP7 special features
- RedConnect
ST-THSWRED SIMATIC S7, Software Redundancy
Course Contents - Theory of redundancy
(Excerpt): - Principle of software redundancy

- Programming and Diagnostics
- IM 153-3

SITRAIN Training for
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SIMATIC S7 Option Packages

Configuring/Programming

A
SIMATIC S7 knowledge equivalent to the ST-7PRO1, ST-7SERV1/2 or ST-7UPSERV

cou--es
A Ay y v 4 Y r————
SIMATIC S7 SIMATIC S7 SIMATIC S7
Sequential Control HiGraph Programming Graphic
ith S7-GRAPH Programming with CFC
Wi NC-ZSG 3 days g !
ST-7GRAPH 2 days ST-7CFC 2 days
A A S
Programming the Inter- SIMATIC S7
face Controller S7-300 Programming with SCL
NC-S7APT 3 days ST-7SCL 2 days
- - — E—
_"'_'__I_. T = ===
| _L—A EE—== —_—

. B4 SITRAIN Training for
sslelrntﬁlﬁ;rzltmcs iz;hts reserved. Pie:. g‘éooigfzxam ‘!‘ Atomation and Drives
ST-7TGRAPH SIMATIC S7, Sequential Control with S7-GRAPH
Course Contents - Design, structure and representation types of sequence controllers with S7
(Excerpt): GRAPH

- Programming, documenting and starting-up sequential blocks
- Programming lockout and monitoring

- Properties of simaltaneous and alternative branches

- Test functions and diagnostic possibilities

NC-S7APT Programming Interface Controller S7-300
Course Contents - Overview of the FMNC, 810D and 840D controllers
(Excerpt): - Structure of the PLC - NC interface

- Fast data exchange between PLC and NC
- Communication structures
- Practical exercises on the individual topics

NC-ZSG HIGRAPH Programming SIMATIC S7
Course Contents - The nature of state graphs
(Excerpt): - Programming tools and their use

- State graphs programming language
- Monitoring function for program test

ST-7SCL SIMATIC S7, Programming with SCL
Course Contents - S7-SCL Editor
(Excerpt): - Data types, operations

- Formulating FBs, FCs, OBs, ... in SCL
- Control structures: IF, WHILE, REPEAT, ...

ST-7CFC SIMATIC M7/S7, Graphic Programming with CFC
Course Contents - CFC as uniform graphic configuration tool of the technologist for different
(Excerpt): targets

- Placing, connecting, parameter assignment and setting up sequencer
properties of blocks

- Compiling, loading, test mode

- Structure and import of user-defined blocks for S7/M7

SITRAIN Training for ST-7PRO1
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SIMATIC HMI

Configuring/Programming

Experience with graphic interfaces,
such as Windows 9x/NT

SIMATIC ProTool/Pro

ProTool/Pro System Course

SIMATIC WinCC

Human Machine Interface,

SIMATIC WinCC
Indepth Course

ST-BPROPRS

System Training

3 days ST-BWINCCS 5 days

C knowledge, basic
knowledge of relational

databases

SIMATIC WinCC
Open System N

Good knowledge of C,
Win9x/NT knowledge,

SIMATIC WinCC
Open System E

ST-BWINCCV 5 days ST-BWINCCE  2days SLEWINCCN L d2) ‘
. B4 SITRAIN Training for
Sslelrnlz/r!sAA\;rZIOOCS izjhts reserved. Ei?etie. g‘\’loogl?f‘lﬁll ‘!‘ Automation :nd Dri?/es
ST-BWINCCS SIMATIC WinCC, Systemkurs
Course Contents - WIinCC system overview
(Excerpt): - Windows 95 (settings), benefits of the standard Windows interfaces*
- Creating a project, PLC connections, variable simulation, graphics
- Message display, message archiving
- Trend display, measured value archiving, user archives
- Report system*, background processing (Global Scripts)*
- API open user interface (benefits and structure)
ST-BWINCCV SIMATIC WinCC, Indepth Course
Course Contents - Configuring WindowsNT Server and/or WindowsNT WS with WinCC Server
(Excerpt): - Creating your own dynamic wizards
- Picture block configuration
- Database accesses, Option package: Storage
- Client-Server operation / Distributed Server and Multiclient
- OPC Server / Client
- Option package: WEB Server / WEB Clients
ST-BWINCCE SIMATIC WinCC Offenheit E
Course Contents - Introduction to the WIinCC system architecture (open interfaces and
(Excerpt): integration capability, databases, channel DLL, Global Scripts), introduction to
Visual C++, ODK (development environment for API), WinCC-API structuring,
using API functions,
ST-BWINCCN SIMATIC WinCC Offenheit N
Course Contents - Brief introduction to the WinCC system architecture (open interfaces and
(Excerpt): integration capability, databases, channel DLL), general introduction to
Global Scripts, accessing WIinCC databases with Excel, OLE functions
ST-BPROPRS SIMATIC ProTool/Pro Systemkurs
Course Contents - SIMATIC ProTool/Pro system overview
(Excerpt) - Basic principles of screen layout

- User functions (VB-Script)
- Message configuration, display, archiving
- Trend configuration, display, measured value archiving

SITRAIN Training for

Automation and Drives

ST-7PRO1
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SIMATIC S7

Point-to-Point
Connection

ST-7PTP 2 days

SIMATIC NET

Configuring/Programming g i i

courses
A A

SIMATIC S7 SIMATIC S7

Distributed I/O Communication

PROFIBUS-DP with PROFIBUS

KO-7KDP 3 days KO-7KPROFI 5 days

A Ay
SIMATIC S7

SIMATIC S7/M7

Communication
PROFIBUS-FMS

KO-7TKFMS 2 days

Communication with
Ind. Ethernet

KO-7TKETHER 4 days

A
SIMATIC S7 knowledge equivalent to the ST-7PRO1, SERV1/2 or ST-TUPSERV

SIMATIC S7

Siemens AG 2003. All rights reserved.

ST-7PTP

Course Contents
(Excerpt):

KO-7KDP

Course Contents
(Excerpt):

KO-7KFMS
Course Contents
(Excerpt)

KO-7KPROFI

KO-7KETHER

Course Contents
(Excerpt):

Date: 12.03.03

File: PRO1_14E.12

zv‘ SITRAIN Training for
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SIMATIC S7, Point-to-Point Connection

- Performance features and technical specifications of CP340 and CP441

- Creating configuration and parameter assignments of the communication
processors

- Writing user programs for CP340 and CP441

- Diagnostic facilities of CP340 and CP441

SIMATIC S7, PROFIBUS-DP

- Structure and functional principle of distributed I/O
- Planning and configuring the DP-Master in SIMATIC S7
- User programming and diagnostic facilities

SIMATIC S7, PROFIBUS-FMS

- How the FMS works

- NCM configuration software for PROFIBUS
-Programming FMS applications

- Diagnosis and test possibilities

SIMATIC S7, PROFIBUS-DP/FMS
Contents of the KO-7KDP and KO-7KFMS courses

SIMATIC S7, Industrial Ethernet

- Mode of operation, properties and components of the Industrial Ethernet bus

system
- ISO and TCP/IP protocols

- Configuration using the NCM-S7 configuration software for Industrial
Ethernet
- Diagnostic functions

SITRAIN Training for

Automation and Drives
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SIMATIC NET - New Techniques

Planning engineer, Commissioning
engineer and User

Basic knowledge of data communication / local networks

A A

OLE for Process Control Internet Communication

Basic Course of SIMATIC S7

KO-OPC 2 days KO-S7INTER 4 days

. B SITRAIN Training for

sslelrnllﬁlﬁ;rzltmcs izjhts reserved. Pie:. éﬁoogi?ims ‘!‘ Automation :nd Drives
KO-OPC OLE for Process Control, Basic Course
Course Contents - OPC goals and background
(Excerpt): - OLE basics (architecture of the NET software)

- Installation of the NET hardware and software components

- Implementation example based on the SIMATIC NET OPC products
- S7-OPC Server
- DP-OPC Server

KO-S7INTER Internet Communication of the SIMATIC S7
Course Contents - Industrial Ethernet mode of operation and networking components
(Excerpt): - IT communication processor

- Using the Internet in automation

- Introduction to network protocols

- The Internet and the Internet protocol familyTCP/IP
- e-mail and File Transfer Protocol

- Introduction to HTML for creating Web pages for the IT communication
processor

SITRAIN Training for ST-7PRO1
Automation and Drives Page 13 What's Next?
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Actuator-Sensor-Interface

Planning, Programming, and Commissioning engineers,
Installation, Maintenance and Service personnel

A
SIMATIC S5 and/or SIMATIC S7 knowledge and
basic knowledge of data communication

Actuator-Sensor-Interface

KO-ASI 3 days
SI MATl C S? ate: 03 B4 SITRAIN Training for
Siemens AG 2003. Al rights reserved. E“eti . éiooglfaﬁm ‘!‘ Automation and Drives
KO-ASI Actuator-Sensor-Interface
Course Contents - Basics of the Actuator-Sensor-Interface (AS-Interface)
(Excerpt): - Structure and configuration

- Introduction to the system components

- AS-Interface Master

- AS-Interface Slaves, Modules

- As-Interface power supplies, cables and accessories

- Commissioning, testing, diagnosis possibilities

- Addressing device

- PROFIBUS DP/AS-Interface transitions (DP/AS-i Link)
- Service and diagnosis with SCOPE for AS-Interface

- Practical exercises

SITRAIN Training for ST-7PRO1
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Planning and Programming Engineers,
Installation and Service Personnel

AR
Basic knowledge of control engineering

SIMATIC S5
System Training Part 1

ST-S5SYS1 5 days

y____ 9
SIMATIC S5

System Training Part 2
ST-S5SYS2 5 days

y v
SIMATIC S5

Service Training
ST-S5SERV 5 days

SIMATIC S5 - Supplementary Courses

SIMATIC S5 - System and Supplementary Courses

AT,

SIMATIC S7 Date: 120303

Siemens AG 2003. All rights reserved. File: PRO1_14E.15

System Courses System training
Service training
Compact training for engineers
Programming courses

Supplementary Project planning/configuring
Courses Sequential control with GRAPH 5
Fail-safe, hot backup systems

Digital control engineering
Software-based closed-loop control

Point-to-point connections

L1 bus communication
SIMATIC S5, PROFIBUS

CP 5431 FMS workshop
S5-95/PROFIBUS workshop
SIMATIC S5, Industrial Ethernet

Course Contents For full details of the contents of these courses please refer to our ITC catalog.

zv‘ SITRAIN Training for
‘= Automation and Drives

You can obtain this catalog through your trainer or order it yourself from the

Course Office direct.
Alternatively you can obtain information via:
Internet: http://www.sitrain.com
Info Line: Tel: 01805 23 56 11
Fax: 01805 23 56 12

SITRAIN Training for
Automation and Drives Page 15
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Evening training course according to VDMA/ZVEI

PLC Technician and SIMATIC S7

Installation, Service and Operating Personnel

Distance learning

A A
SIMATIC S7

PLC Technician
(based on SIMATIC S7)

ST-SPSTEF

A A
SIMATIC S7

PLC Technician
(based on SIMATIC S7)

ST-SPSTEA7 14 weeks 6 months

AR AL
SIMATIC S7

PLC Programmer
(based on SIMATIC S7)

ST-SPSPROF 8 weeks

SIMATIC S7

Siemens AG 2003. All rights reserved.

Qualification for
PLC Technicians

Upgrade

SITRAIN Training for

ol
Date: 12.03.03
‘! Automation and Drives
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Our structured training course for PLC technicians is based on the requirements
of the VDMA/ZVEI D.

These requirements define what a skilled PLC technician needs to know and be
able to do, regardless of the brand of PLC and from the point of view of the user.

Training can take the form of:

» distance learning,

* evening courses or

» asequence of daytime courses.

Trainees can take an examination at the end of this training sequence. This
normally takes one day and consists of a theory section and a practical section.

For further information, please see our ITC catalog or the special information
sheet about training for PLC technicians.

1) Association of German Machine and Plant Manufacturers (VDMA)
Association of the Electrical and Electronics Industry (ZVEI)

PLC technicians who have completed their training with SIMATIC S5 can obtain
a further qualification in an upgrade course dealing with the differences between
SIMATIC S5 and SIMATIC S7.

SITRAIN Training for
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Still have
guestions ?
/

-

We'll help you!

... with the info-line:
Tel 01805235611
Fax 018052356 12

... on the Internet:;
WwWw.Sitrain.com

SIEMENS

Automation and Drives
Training

v -
SIMATIC S7 Date: 12.03.03 !5‘ SITRAIN Training for
-
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Now it's your turn ...

SITRAIN Training for ST-7PRO1
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SITRAIN ™ online- die A&D Lernplattform im WWW

The future of training for Siemens AG Automation and Drives began at the end
of November 2000. SITRAIN™online, the Internet based learning platform, was
launched and offers a wide spectrum of new features and possibilities to learn
"on demand" and "Just-in-time"...

SITRAIN Training for ST-7PRO1
Automation and Drives Page 18 What's Next?



SIEMENS

SITRAIN Campus

Trial versions

Events

SIEMENS

Simple Search Forum
Expanded Search Web Room
Learning Paths Tutor Room
Learning Environment FAQ's

New training offers
New products

Home |

. Partner - Shop . Chat

Address:
: Customer Trainin
Impression ?
100 Technology Drive
USA-Alpharetta, GA 30005
Telephone: +17800-241-4433 ar +1770-740-3305
Fax: +14 770-740-3795
e-Mail:
sitraini@ses siemens com
Internet:
hittp: ey seq siemens comdsitrain
nY
SIMATIC S7 bate: 120303 @l SITRAIN Training for
File: PRO1_14E.19 L Automation and Drives

Siemens AG 2003. All rights reserved.

The SITRAINTM
Trademark

The SITRAIN™ trademark is your guarantee of qualified training in over 200
locations in 60 countries worldwide. More than 70,000 course participants trust
the know how of the market leader for Automation and Drives. With the start of
SITRAIN™online, everyone from Argentina to Cyprus has the opportunity of
planning his/her professional future from home. User-oriented online learning
units let you design your future yourself.

Information modules, online modules, online courses and online course studies
in the virtual classroom, synchronous and asynchronous communication areas
in Chat, self-learning media, demo versions and technical manuals in the Shop,
inter-active learning paths, online test modules, intelligent solution-oriented
assistence programs, individualized learning environments, learning progess
tests, SITRAIN™online offers innovative media as a state of the art solution.
These innovative media have one goal in mind: the optimum learning success of
the customer.

The most effective form of learning is surely the online course study. This type of
course consists of a mix of media that can be worked on as a self study or in
virtual classrooms, alone or in groups. We can offer you a complete learning
path to PLC Professional Programming. This consists of online course studies
for beginners, advanced and experts. It is completed with a certificate as:
Siemens Certified PLC Professional. The highlight of this course study is the
audio-based live tutorial on the Internet. Tutor and course participants
communicate with one another at fixed intervals in a virtual classroom, work in
groups, use application sharing and inter-active exercises using the STEP7
Distance Learning Software etc., just as in a "normal" classroom course. The
participant receives all the necessary media, technical tools and documentation
after he/she registers for the course. All you need is a Windows PC with Internet
access at at least 28.8 kB/s.

SITRAIN Training for
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ST1 SIMATIC S5 Systernkurse

ST2 SIMATIC S5 Erganzungskurse Steuern, Automatisieren

ST3 SIMATIC S5 Erganzungskurse Regeln

ST4 SPS-Techniker nach VDMATVEL am Beispiel SIMATIC 55

ST5 Umnstieqg SIMATIC S5-SIMATIC 57

ST6 Systernaushildung SIMATIC S7

er nach VDMASYE| am Beispiel SIMATIC 57
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A mouse click on a course in the training path gives you information about the course contents and dates.
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Do you need help with your training and continued education planning?
You haven‘t been able to make a decision?

With the interactive learning paths, we'll give you a little bit of help with your
planning.

Select a learning path (Germany)

If you should still have questions or wishes, you'll find further information on the
"Partner" page.

Here, please select a topic area.
Information Technology in Automation

Automation Systems and
Components

Machine tool

Positioning Control and Drives

Field Technoloqy, Process,
Power Station Automation and Host Systems

SITRAIN Training for
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Downloads - software for downloadi
Tools).
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Chat

Discussing round-the-clock and worldwide, exchanging opinions, asking
questions, meeting and chatting online. SITRAIN™online - Chat, the latest
forum for course participants and interested parties.

Forum - the open chatroom

Web Room - the chatroom for registered WBT users

Tutor Room - course-oriented chatroom

FAQ's - your questions, our answers

Note:

The chatrooms are open to all but are monitored by our chat administrator.
Please be nice and follow the guidelines for behavior inside the chatroom.
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CAD1-Interactive Information Guide

Demoversionen
Lernmedien

Bicher

Software

.Fachbuch

Speicherprogrammierbare 1
Steuerungen {de} - in KOP und FUP

.Fachbuch Aufgabensammlung mit
SIMATIC S5 Aufgaben, Losungen
FID Teil 3

‘Fachbuch Automatisieren mit

SIMATIC Integriertes Automatisieren
mit SIMATIC 57-300/400 {en)

> ‘Fachbuch

Speicherprogrammierbare |
Steuerungen (en] - in KOP und FUP

.Fachbuch Automatisieren mit
SIMATIC Integriertes Automatisieren/z]

Automatisieren leicht
emacht mit SIMATIC §7-

200 (CD-ROM)

Antriebste chnik fiir
Einsteiger (CD-ROM)

Inbetriebnahme von

ShopMill {(CD-ROM)

Introduccidn a los PLCs

{CD-ROM)

Automation Made Easy
with SIMATIC 7-200 (CD- =l
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Are you interested in demo versions, self-learning CD-ROMs, technical
literature, software tools or simulation software?

You'll find what you‘re looking for quickly and easily in Shop&Load. Simply
make your selection from the Article Lists, place your order in the Shopping
Cart, register, and pay easily with credit card or by invoice. The articles ordered

will be sent to you within 14 days.
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