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1. Presentation of the Course Contents and Training
Devices

1.1. Objectives

At the end of the chapter the participant will ...

be familiar with the main course contents
be familiar with the training devices

be familiar with the networking of the training devices

Objectives

In this chapter, the main course contents and the training devices are presented.

1-2 TIA-MICRO2 - Course Contents and Training Devices
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1.2. Course Contents
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Course Contents

The following topics are dealt with in this course:

TIA-MICRO?2 - Course Contents and Training Devices

Analog value processing

Analog value processing is used to convert process values (for example, the measured
values (measuring points) of a level sensor) into a "tangible” unit (e.g. m3), in order to then
display it on an HMI, for example.

S7 block types

In this course, the S7 block types and their use are presented. Differentiation is made
between logic (code) and data blocks. Data blocks are structured, user-defined data memory.
They can be used for simple data storage or as interface to HMI devices. They can also be
used to create complex database structures.

In the section Logic Blocks (FC, FB, OB), the properties and the fields of application are
presented.

Programming in SCL

SCL is a further IEC programming language, in addition to LAD and FBD, for S7.
Programming in SCL offers decisive advantages in the implementation of complex,
mathematical calculations, as well as in the handling of large amounts of data.

Indirect addressing

Indirect addressing enables you to dynamically address memory cells within the PLC during
program runtime. For example, measured value series can thus be formed by writing each
new measured value into a different memory cell. Fundamental mechanisms for indirect
addressing are available in LAD and FBD. The complete instruction set is available in SCL.

1-3
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1-4

Introduction to PROFINET IO

PROFINET (similar to PROFIBUS) is used to connect distributed 1/Os to the CPU. In this
course, the fundamental addressing mechanisms and procedures for configuring distributed
PROFINET field devices are presented.

Expanded HMI configuration

In addition to the basic functions of an HMI device presented in the Basic Course, the alarm
message system for the display of discrete and analog alarms as well as the creation of
input/output fields and the time-of-day synchronization between HMI device and PLC are
dealt with in this course.

Integrated CPU technology objects

The S7-1200 offers integrated technology functions for motion control of axes and for PID
control loops. The necessary steps for creating a technology object and the commissioning of
a PID control loop and stepper motor are part of this course.

Troubleshooting with STEP7 (TIA Portal)

As the diagnostic functions of the TIA Portal are crucial for troubleshooting and system
analysis, the available online and offline functions for quick and efficient elimination of arising
faults are presented in this course.

Open CPU-CPU Ethernet communication

For data exchange between controllers, the S7-1200 is equipped with Ethernet
communication concepts which are presented in more detail in this course and are also
practiced.

TIA-MICRO2 - Course Contents and Training Devices
Training Document V13.01.01
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1.3. Training Area with S7-1200

Training Area Setup

The training area for this course contains the following components:

e SIMATIC Field PG

e Training case with S7-1214, touchpanel and simulator

e Training case with S7-1211, stepper motor and control loop
e Training setup ET 200S as distributed 1/0

e Conveyor model

TIA-MICRO?2 - Course Contents and Training Devices
Training Document V13.01.01
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1.4. Schematic Diagram Industrial Ethernet/ PROFINET Networking

CPU 1211

PM CSM CPU 1214

192.168.111.112

KTP 600 PN

192.168.111.111

ET 200S

Field PG

|192.168.111.1l4

192.168.111.113

Networking of the Individual Components

The components of the training area are all networked to one another via (industrial) Ethernet.
The RJ45 connection technology is the most widely used and can also be found in the home.

A point-to-point connection always exists between the components. This makes it necessary to
use a switch (here in the form of a Compact Switch Module) which is used here as a network

distributor.

The (industrial) Ethernet is the basis for the communication between the components. Depending
on the type of communication, different protocols are used, for example:

— TCP communication between CPU and HMI and
— PROFINET IO communication between CPU and ET 200S

1-6
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1.5. Configuration of the S7-1214 Training Device

CPU 1214C Al4/AO2

SIEMENS

DI8/DO8

J Device overview

¥ . [Module

b OFLCT

DISD Q& x 24%DC_1

Slot
103
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1071
1
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B
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| aEd_ress__' Q address  Type Article no.

CPU1214C DODCDC BESY 214-1AG40-0xB0
96..103 96..99 Sl 1234 AldAQZ 6ESY 234-4HE30-0XED
g & Sh 1223 DIB/DOE x 24vDC  6EST 223-1BH30-0XE0

Firmware | Comment

4.0
1.0
1.0

Configuration of the S7-1214 Training Device

The picture shows the central module of the S7-1214 training case. The CPU has two signal

modules (SMs) for digital and analog 1/Os, as well as a signal board (SB) with an analog output

as an expansion. The 1/O addresses of the modules shown in the picture are already stored in the

start project (= next chapter) and do not have to be parameterized separately.

Module addresses at a glance:

e CPU1214

- DI14->100tol15

- DO10 > Q4.0to Q5.1

- AI2 > W64, IW66

— AO1 - QWSO
e SM1234

- Al4 > 1W96, IW98, IW100, IW102
- AO2 - QW96, QW98

e SM1223

- DI8>18.0tol8.7
— DO8 - Q8.0 to Q8.7

TIA-MICRO?2 - Course Contents and Training Devices
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1.6. The Simulator
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The Simulator

Together with the touchpanel, the simulator is used to operate the system. It consists of the
following components:

14 switches, whereby the | 0.1 switch is an NC contact
10 LEDs

Rotary potentiometer for setting or simulating analog input signals

The digital signals are connected to the I/Os of the CPU. The analog signal is processed by the
SM 1234 analog module.

1-8
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1.7. The Conveyor Model
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"K_Left" (Q8.6) (185  (186) (187) (18.0)
\
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(18.1) (18.2) (18.3) (18.4)
"P_Bayl" "P_Bay2" "P_Bay3" "P_Bay-LB"
(Q81) (Q8.2) (Q8.3) (Q8.4)

The Conveyor Model

The picture shows the sensors and actuators of the conveyor model as well as the 1/0O addresses
to which they are wired.

TIA-MICRO?2 - Course Contents and Training Devices 1-9
Training Document V13.01.01



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIMATIC S7-1200 Advanced Course

1.8. PLC Tags

Marne Tag table Cata type  Addr.. & Comment
5_ackn Defaulttag table  Bool %%11.0 Mormentary contact Fault acknowledgement
B_LE Defaulttag table  Bool 5.0 Light barrier
5_Bayl Defaulttag table  Bool 2%18.1 Maornentary contact Bay 1
5_Bayz Defaulttag table  Bool 15.2 Mornentary contact Bay 2
5_Bay3 Defaulttag table  Bool %l5.3 Mornentary contact Bay 3
5_Bay-LB Defaulttag table  Bool %154 Mormentary contact Light barrier bay
B_Bayl Defaulttag table  Bool 8.5 Proxirmity sensar Bay 1
B_Bay2 Defaulttag table  Bool %I5.6 Proximity sensar Bay 2
B_Bay3 Defaulttag table  Bool I5.7 Proxirmity sensar Bay 3
P_Operation Defaulttag table  Bool %041 Indicator light Operation OMN
P_Fault Defaulttag table  Bool %05.0 Indicator light Comveyor fault
P_Bayl Defaulttag table  Bool %085, Indicator light Bay 1
P_Bay2 Defaulttag table  Bool %8.2 Indicator light Bay 2
P_Bay3 Defaulttag table  EBool 085 Indicator light Bay 3
F_Bay-LB Defaulttag table  Bool %054 Indicator light Light barrier bay
k_Right Defaulttag table  Bool %085 Run conwveyar RIGHT
K_Left Defaulttag table  Bool %08.6 Run conveyor LEFT
F_Harn Defaulttag table  Bool W57 Alarrm Hork
M_2Hz Defaulttag table  Bool %M10.3  Mermory bit-flashing frequency 2 Hz
M_1Hz Defaulttag table  Bool %M10.5  Mermory bit-flashing frequency 1Hz
M_aux_Op(15) Defaulttag table  Bool %M15.0  Edge auxiliary mermory bit Operation ON
M_aux_ LB Defaulttag table  Bool %M16.0  Edge auxiliary mermory bit Light barrier
M_log_Right Defaulttag table  Bool WM16.2  Memory bit Jlog conveyar RIGHT
M_log_Left Defaulttag table  Bool 2%M16.3  Mermory bit Jog conwveyor LEFT
M_Auto_Right Defaulttag table  Bool WM1E64  Memory bit Conveyor AUTO RIGHT
M_Auto_Left Defaulttag table  Bool %166 Mermory bit Corveyar AT LEFT
M_Conw_Fault Defaulttag table  EBool Wh17.0  Memory bit Conveyor fault
M_max_Fault Defaulttag table  Bool WM17.7  mmax no. faults reached
M_aux_Count Defaulttag table  Bool WM18.0  Auxiliarg memory bit Count
M_aux_OP(1 ) Defaulttag table  Bool %M18.1  Edge auxiliary mermory bit Operation ON
M_ACT=5ETP Defaulttag table  Bool %M18.4  Setp. no.is reached
hfuty_ACT Defaulttag table  Int Tehi'20  Mermony word, ACTUAL quantity of transported parts
hi_SETP Defaulttag table  Int b 22 Mermony word, SETPOINT quantity of parts to be transp.
5_0On Defaulttag table  Bool %M3I0.0  Mormentary contact Operation O
S_IOFF Defaulttag table  Bool %M30.1  Momentary contact Operation OFF (MC contact)
S_Right Defaulttag table  Bool %M30.2  Jog conveyor RIGHT, momentary contact
5_Left Defaulttag table  Bool %M30.3  Jog conveyor LEFT, momentary contact
S_Ackn_HMI Defaulttag table  EBool %M31.0  Memory bit, acknowledge conwveyor fault (Touchpanel)
M_TCF_Right Defaulttag table  Bool %M160.2 Memory bit time interlock Right
M_TOF_Left Defaulttag table  EBool Wh160.3 Memory bit time interlock Left
MD_CorvRunti.. Cefaulttagtable  Time D170

-
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2. Commissioning the Hardware and Software

2.1. Objectives

At the end of the chapter the participant will ...

be familiar with the different S7 block types

be familiar with the principle of "structured programming"

be familiar with the meaning of the process image tables (PIl, PIQ)
be able to explain the principle of cyclic program execution

be able to establish an online connection to the controller

be able to create a hardware station and parameterize it

be able to commission an existing PLC project

be able to commission a touchpanel

Objectives

Important basics from the TIA-MICRO1 course are first of all repeated in this chapter. Then, an
already configured system with described basic functions is commissioned.

TIA-MICRO2 — Commissioning the Hardware and Software
Training Document V13.01.01
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2.2. Task Description: The Conveyor Model as Distribution Conveyor

"FC_Mode" (FC15): Operation ON/OFF
"FC_ConvMotor" (FC16): Controlling the conveyor motor
"FC_Fault" (FC17): Monitoring the transport
sequences for time
"FC_Count" (FC18): Counting the transported parts
"FC_Indicate" (FC14): Controlling the indicator lights
Industrial
Ethernet Al/ DI/

AQ DQ

Task Description

In this chapter, the conveyor model is commissioned as a distribution conveyor. For this, an
appropriate exercise is carried out at the end of the chapter.

A CPU and touchpanel are already generated in the initial project. The user program of the CPU
is structured as follows:

1. "FC_Mode" (FC15)
— Switching on and switching off the operation is implemented in this function.

2. "FC_ConvMotor" (FC16)

— The control of the conveyor motor for the states Operation ON and Operation OFF is
programmed in this function.

3. "FC_Fault" (FC17)

— In this function, the conveyor is monitored for time. If a transport sequence takes longer
than 6 seconds, the conveyor is stopped and an error message is triggered.

4. "FC_Count" (FC18)

— Counting the already transported parts is programmed in this function. Setpoint and actual
guantity are specified or read out via the touchpanel.

5. "FC_Indicate" (FC14)
— The control of the indicator lights during operation is programmed in this function.

The conveyor model can be completely controlled via the touchpanel. The functions necessary
for this are already stored in the HMI project.

2-4 TIA-MICRO2 — Commissioning the Hardware and Software
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2.3. Types of Program Blocks

Operating system

DB

FB
S
—

FB FC

%

FC

\ )\

ul
/

Legend:
OB = Organization block ﬂ The maximum nesting depth
FB = Funct!on block — . depends on the CPU!
FC = Function FB with
DB = Data block Instance DB

Blocks

The programmable logic controller provides various types of blocks in which the user program
and the related data can be stored. Depending on the requirements of the process, the program
can be structured in different blocks. You can use the entire operation set in all blocks (FB, FC
and OB).

Organization Blocks (OBs)

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).

Functions (FCs)

A function (FC) contains a partial functionality of the program. It is possible to program functions
as parameter-assignable so that when the function is called it can be assigned parameters. As a
result, functions are also suited for programming frequently recurring, complex partial
functionalities such as calculations.

Function Blocks (FBs)

Basically, function blocks offer the same possibilities 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.

TIA-MICRO2 — Commissioning the Hardware and Software 2-5
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2.4. Possibilities for Program Structuring

Program Partitioned

Linear Program :
9 into Areas

Structured Program

. ——| Recipe A

OB OB — —— Recipe B OB __::

Cycle Cycle Cycle
(OB1) (OB1) [——- Mixer (OB1)
—————
===+ Outlet

All instructions are found | | The instructions for the individual Re-usable functions are programmed
in one block (usually in functions are found in individual in individual blocks.
the Organization block blocks. OB_Cycle calls these OB_Cycle (or other blocks) calls
OB_Cycle) blocks one after the other. these blocks and passes on the

relevant data.

Linear Programming

You can solve small automation tasks by writing the entire user program linearly in one cycle OB.
This is only recommended for simple programs.

Structured Programming

Complex automation tasks can be implemented and maintained more easily when they are
divided into smaller partial tasks which reflect the technological functions of the automation
process or if they are to be used repeatedly. In the user program, these partial tasks are
represented by appropriate program parts, the blocks. Each block is an independent segment of
the user program.

Advantages

Extensive programs can be clearly programmed.
Individual program parts can be standardized.

The program organization is simplified.

Changes to the program can be carried out more easily.

The program test is simplified because it can be made section by section.

o gk~ wnh e

Commissioning is made easier.

2-6 TIA-MICRO2 — Commissioning the Hardware and Software
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2.5.

Process Images

Pl

A > | PIQ

User
Byte 0 program Byte 0

Byte 1 Byte 1
y Byte 2
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Byt.e 2 m i
_\\\-::.-;:. 120  %04.3
~
®

H — -

| 6163 %Q4.3

— — *
CPU memory area -~ CPU memory area

Process Images

PIQ

PlI

For the storage of all digital input and output states, the CPU has reserved memory areas: the
Process-Image Input table (PII) and the Process-Image Output table (PIQ). During program
execution, the CPU accesses these memory areas exclusively. It does not access the digital input
and output modules directly.

The Process-Image Output table (PIQ) is the memory area in which the states of all digital
outputs are stored. The PIQ is output to the digital output modules at the beginning of the cycle.
Outputs can be assigned as well as queried in the program. If an output is assigned a state in
several locations in the program, then only the state that was assigned last is transferred to the
particular output module. As a rule, these types of double assignments are programming errors.

The Process-Image Input table (PII) is the memory area in which the states of all digital inputs are
stored. After the PIQ is output, the Pll is read by the digital input modules. When an input is
linked, the state of this input stored in the Pll is linked. This state cannot change within a cycle
since the Pll is only updated or read-in at the beginning of a cycle. This guarantees that when
there are multiple queries of the input in one cycle, the same result is always supplied.

TIA-MICRO2 — Commissioning the Hardware and Software 2-7
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2.6. Cyclic Program Execution
Startup program: Call and execution of the Startup-OB
(once, after PowerON, for example)
—’[ Start the cycle monitoring time ’
Writing the process image output table I]I]I:>
(PIQ) in the output modules
% Reading the input states from the input modules <::|[|||
5 and saving the states in the process image (PII)
5 . N
o
O Call and execution of the Cycle OB
(possible interruption by the call of other OBs for events,
such as, time-of-day interrupt, hardware interrupts, etc.)
|
Restart

When you switch on or switch from STOP --> RUN, the CPU carries out a complete restart
(execution of all Startup OBs). During restart, the operating system deletes the non-retentive bit
memories and resets all stored hardware and diagnostic interrupts.

Cyclic Program Execution

Cyclic program execution occurs in an endless loop. After the execution of a program cycle is
completed, the execution of the next cycle occurs automatically. In every program cycle, the CPU
carries out the following steps.

7. The CPU starts the cycle monitoring time,

8. The CPU transfers the output states from the process image output table to the digital output
modules,

9. The CPU scans the states of the input signals and updates the process image input table,

10. The CPU sequentially processes the instructions of the user program using the process
images, not the inputs and outputs of the digital input / output modules,

Cycle Time and Cycle Monitoring Time

2-8

The time that the CPU requires for the execution of the complete program cycle, is the cycle time
which is monitored for time by the CPU operating system. If the cycle time exceeds the cycle
monitoring time defined in the CPU properties, the system requests the call of the “time-error
OB”. If it is loaded, it is executed. If the CPU exceeds twice the cycle monitoring time, the CPU
goes into the STOP state.
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2.7.

Data Exchange between Touchpanel and CPU

Status ‘0" /'1'

LR e R R R T U e (A
(=TT 1
= o

DEECUE
A01I3aRar D01

- PROFIBUS y
e Industrial Ethernet />—
FPTO. - .
Events Action Tag Acquisition cycle
Press button "Set Bit" S_Left 500ms
Let go of button "Reset Bit" S_Left
Tags
Data is exchanged between SIMATIC S7 and the HMI system via process tags. For this, tags are
created in the configuration of the WinCC system and are then assigned to a data area of the
CPU. The HMI system reads out the value of the tags cyclically and displays it, for example, in an
output field.
Data Areas

For the configuration of the tags, the following global data areas of the CPU can be used:
1. Data blocks (DB)

2. Bit memories (M)

3. Inputs (1) and outputs (Q)

4. /O (peripheral) inputs and 1/O (peripheral) outputs

HMI systems also recognize local tags without process connection, that is, these tags are
exclusively processed internally and also do not reserve any communication resources
whatsoever.

Communication

The HMI devices can communicate with the controller via the bus systems MPIl, PROFIBUS DP
or Industrial Ethernet. The S7 protocol is used for this purpose. Communication is handled by the
operating systems of the S7 CPU and the HMI system. No user programming on the S7 is
required for this purpose.

An HMI device can exchange data with more than one controller at the same time.

Updating
Data is transferred cyclically between SIMATIC S7 and the HMI system, that is, process tags are
read and written cyclically in accordance with the configured refresh (update) time.
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2.8. Task Description: Commissioning the Training Case

-
am=" -y

The required basic project "MICRO2_A" is already located in <Drive>:Archives\TIA_Portal\TIA-MICRO2 on your hard
drive and must, if necessary, be adjusted to the existing hardware and loaded into the CPU or the touchpanel.

- ‘.

Lh]
auiac

Task Description

The S7-1214 training case with touchpanel is to be commissioned.

&=

2-10

The basic project required for this is already located on your hard drive and must, if
necessary, be adjusted to the existing hardware and loaded into the CPU or the

touchpanel.
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2.9. Exercise 1: Deleting Old Projects

T4 Siemens

Project |Edit “iew Insert  Online  Options Tools  Window * Totally Integrated Automation
[3F New... D i S MG E B § coonlines* PORTAL
H[% open... Crrl+ |
Migrate project...
Close Crrl+w

3. Select projects to

g Ctrl+5 S
- s::: as.. Ctr|+Shi;t+S Delete project be deleted
X .

Delete project... Recently used

Archive... -
Retrieve... Project Path
T Card ReaderiUSE memory » iMy_Project2 i Di\CoursesiMy_Project2
T Memory card file N My_Project D:\CoursesiMy_Project
MICRO2_A V13 ClarchivesTlA-PortallTIA-MICROZIMICRO 2_A_ W13
Upgrade

DACoursesiy_Project2iMy_Project2
DACoursesihy_ProjectiMy_Project
Clarchive s\Tla-PortallTlA-ML AMICRO2_A_ W13

Exit

<] j’ LB

Browse | Lelete | r Cancel 1

EX i EX
Info (Project library)

General (i)

@\m Show all rr]

1. Close currently
open project

¥ Project closed.

Task

Delete all existing projects.

What to Do

1. Startthe TIA Portal

2. Switch to the Project view.
3. Close any open projects.
4

Let the system show you the existing projects and delete them as shown.
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2.10. Exercise 2: Establishing an Online Connection to the CPU

4 Siemens

e Automation
PORT,

2. Set the interface

Accessible devices

Type of the PGIFC intertafe: ﬁ_PNJ’IE "|
’ﬁlntel(R) S2574L Gigabit Network Connection "l © g-!
Accessible nodes of the selected intertaceT
Device Device type Type Address MAC address
. . lc_1 CPU1214C DD, PHIE 192.165.111.101  00-1B-1B-70-A7-3B
® Accessible devices 1 e
£ m himi_1 SIMATIC-HMI FN/IE 192168111104 00-1C-06-00-0A-7B
["] Flash LED a
Onine &
Diagnostics Online status informatian:
™ Retrieving device information
Scan and information retrieval cor —
[ Display only error messages 4
A q Show Cancel
» Project view = il < |

Task
Establish a connection to the CPU 1214 and use the automatic IP address assignment of the TIA
Portal for this.
What to Do
1. Switch to the Portal view.
2. Start the "Accessible devices" function.
"Online & Diagnostics" - "Accessible devices"
Select "PN/IE" for the "Type of the PG/PC interface".
4. Select the respective Ethernet interface of your field PG.
= Field PG M3: This device has 2 Ethernet interfaces! Make sure that you use the correct
& interface!
5. After searching, select the CPU 1214 - Device type "S7-1200".
CE= Should more than one S7-1200 be found, you can find out whether you have selected
& the correct CPU through the function "Flash LED". The Status LEDs of the respective
CPU flash.
6. Click on "Show" and confirm the follow-up prompt with "Yes".
= The telegram service "TCP/IP" is used to execute certain functions. For this, the CPU
& and PG must be located in the same IP subnet. The TIA Portal assigns your PG a
temporary, alternative IP address which is located in the same subnet as the CPU. That
way you can work freely.
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2.11. Exercise 3: Resetting the CPU to Factory Settings

T4 Siemens

Project  Edit  Wiew Insert  Online  Options  Tools  window * q
) P Totally Integrated Automation

Gf i H soveprojec: @ M 58 I X D2 GYMIG E R F coonline PORTAL
Devices o
=0 Q = @ | » Diagnostics Il " ; . %
> Bonedng aset to factary settings 2
Name Assign IP address g_ |—:4> |
= [jg Online access SRS “ - )
— Flashing indicates
Y Displayhide interfaces F\rrr?wara el _%’ CPU s kg)ein reset
+ [0 Intel(R) 82574L Gigabit Me... J A'”me — Paddress: 192 . 188 . 111 . 101 = g
B2 Update accessible devi... React io foctory seitings PROFINET device name: |plc_1 Bz
~ [l ple_1[192.168.111.101] &
0| online & diagnostics | . — ’
: Ret: IP add . .
v gl Frogram blocks I O Retein P address L Continuous light,
’ (=) Delete IP address = :
v [ Technology objects [ g reset is completed
v [ PLC data types ' | Reser ‘ %_
il “

» [ hmi_1 (1921681111
v ] Intel(R) 52579LM Gigabit N X
» [0 cP5711 [MPI] ]

3 :ﬂ PLCSIM S7-1200/57-1500 [... ﬁ’}
» r\_w Card ReaderiUSE memaory

<] I ¥ <fm >
» | Details view gPruperties |"_i.'.lnfu y| Bl Diagnostics
4 Portal view £ Overview I %/ Online & dia._. i Scanning for devices completed for int...

Task
Establish a defined initial state for the following configuration steps by resetting the CPU to
factory settings.
What to Do
1. Inthe Project view, in the ‘Online access’, navigate to your CPU and open "Online &
diagnostics".
"Online access" = your CPU -2 Double-click on "Online & diagnostics"
2. Open the dialog "Reset to factory settings".
Select the item "Delete IP address" and click on "Reset".
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2.12. Exercise 4.1: Opening an Existing Project

T4 Siemens —Oox

Totally Integrated Automation
PORTAL

|. Open existing project

@ Open existing project 1 Recantiigs ey
5 Project Fath Last change
-
Open an existing project -
Suchenin: || MICROZ.A - @3 = mE
T Harne ’ Anderungsdatum  Typ 3 I
S . AdditionalFiles 18,11,2015 1412 Dateiordner
Zuletzt besucht [y 09.11.2015 1412 Dateiordner

- | Logs 18,11,2015 1412 Dateiordner

| System 101120150841 Dateiordner

Desktop L THP 10112015 09:33 Dateiordner
- ~Teeles 09.11,2015 14:12 Dateiordner
w=l _7_ y 101120150832 Siemens TIA Portal V13 ..
Bibliotheken =
‘VL 1} |
Online & e a

Computer

Diagnostics
a
« .. ,
Metnierk

Dateiname MICRO2_Aap13 -
Dateiyp: (114 Portal projects =] [ abbreshen |

P Project view

The required basic project "MICRO2_A" is already located in <Drive>:Archives\TIA_Portal\TIA-MICRO2 on your hard
drive and must, if necessary, be adjusted to the existing hardware and loaded into the CPU or the touchpanel.

Task
Open the basic project and save it using the name "My Project".
What to Do

1. Switch to the Portal view and select the menu item "Open existing project”.

2. Click on "Browse" and navigate to the basic project folder. Open the project.
<Drive>:\Archives\TIA Portal\TIA-MICRO2\MICRO2_A - Double-click on
MICRO2_A.ap13
Open the Project view.

4. Save your project using the name "My_Project".

Project = Save as... 2 "My_Project"
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2.13. Exercise 4.2: Saving the Project in...

Project  Edit  Wiew

j 3 H Save project

Insert

Online

S

Devices

Support packages

= ;gw Go offling Eﬁ?[.! m x b

Totally Integrated Automation
PORTAL

)

Mame
¥ ] My_Project

W" Add new dewvice
EE,J Devices & networks

v [ PLC 1 [CPU 1214CDGDCL.. |

S

e P

¥ [ HMI_1 [KTREOO Basic cal.
v [gd common dats

3 Eﬂ] Docummentation settings

v [@ Languages & resources

» g Online access
3 r\_w Card ReaderfUSE memony

1

General

Software updates
Scriptftext editars
PHNT SETtings

-

Hardware configuration

-

FLC programming
STEF 7 Safety
Simulation

v v

Online & diagnaostics
PLC alarms

-

Wisualization
keyboard shortcuts

Save the project in D:\Courses\My_Project

o/ ~ar T

et P RSP I

@ Thurnbnails

Storage settings

O Recently used storage location

e Specify default setting for storage location

| Diicourses

|| Browse...

Storage location for libraries:

|D:1Courses

‘ | Browse... Jﬁ

Storage location for the configuration file for corporate libraries

| CProgramDatalSiemensiAutomation\Portal 1 3\Corporate Settings

e L b

syse|

saueiqr] E”
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2.14. Exercise 5: Checking the Device Configuration and, if
necessary, Adjusting It

My_Project » PLC_1 [CPU 1214C DGDGDC]
‘; Topology view ||ﬁﬂ-h Network view "ﬁf Device view |_
ﬂgﬁ' [PLea [ Device overview
’ﬂ .. Module __ __ Y, Slot | address | Q address  Type
103 B
102
101
- FLC_1 1 CPU1214C DG
} DI14iDG 10_1 11 0.1 a5 DI 140G 10
{ Al21 12 64..67 AlZ L
- 7 2 g a AQ 11 2BIT_1 13 80..81 AQ1 signal bo... | =
| H5C_1 116 1000..70.. H5C
e . } H5C_2 117 100410, HSC
T s HSC_3 118  1008..10.. HsC
R H5C_ 4 119 101290, H5C
I‘ . ,' H5C_5 120 101610, H5C o
S0 H5C_6 121 102090, H5C
Fulse_1 132 1000..10... Pulse generat
Fulse_2 133 1002..10... Pulse generat..
Fulze_3 134 1004..10... Pulse generat.
Fulse_4 138 1006..10... Pulse generat..
» FROFINET-Schnimstelle 1 131 PROFINET irterf..
Al4 %13 bits | 402 %14 bits_1 2 96,103 96..99 M 1234 AMA. .
DIBIDQE x 24¥DC_1 3 ] 8 5M 1223 DISID...
a
5
6
<[[m] 112% ] —5— W] [ <] i B
Task
Check the already existing CPU device configuration and the set I/O addresses.
What to Do
If necessary, exchange deviating modules and check the I/O addresses of the CPU and SMs
shown in the picture.
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2.15. Exercise 6: Downloading the Device Configuration and User
Program into the CPU

Project Edit  “iew Insert  Online  Optiohs  Tools Wind'w ~ﬂe|p ? ; ¢
e : = . - M | After resetting to factory
G R seveproee @ X H X Osos [EER | settings, the CPU no longer
has an IP address > Transfer
.| to MAC address of CPU

~

Project tree

Devices Extended download to device _I
Configured access nodes of "PLC_1 /
500 E
— Device Dewice typi Slot Type Address Subnet
FLC_1 CPU1214CDCD.. 1 X1 FM/E 192.165.111.101 FM/IE_1
5
| ] My_Froject Type offthe PGIFC interface: |8 PIAE [+]
“L Add new device FGIFC interface: @ Intel(R) 52574L Gigabit Network Connection |+ ©
ﬂﬁ.ﬂ-ﬁwlﬁeﬁ A meraorkd = - o o - Connect/on to interfacefsubnet: |D|rectats\m:‘1 ®1' ‘V| @
- s _
: ~ . )
¢ ¥ ' PLc 1 [eP Tz1acpapand] | | Lz | o emmmm==meaa P
- 'ﬂf[‘!’eviee—:erﬂigwmiaﬂ' - Compatible devices inftarget subnet: '. [ Show all corpatible devices - h
= fesseessesssesae. i i R o
9 online & diagnostics Dgvigem = = = = Device type Type Address "Tz!?g!t&ehci -
| P e et £ Accessible device 57-1200 150 00-1B-16-70-47-66 -
-~ -
. - FHE ACCESS ad&lre_s - -——--
Extended download to device (0132:000011) ~— R e e e -
I Assign IP address
-
To execute this function the PG/PC requires an additional IP address in the T X e sy ooy e
same subnet as the PLC. —
!@ es ! Mo
Load ‘ ‘ Cancel ‘

Task
Transfer the PLC_1 (hardware and software) to the S7-1214.

What to Do

1. Open the context menu of the CPU and then the Download dialog.
Right-click on "PLC_1" -2 "Download to device" 2 "All"

2. Make the same PG/PC interface settings as in Exercise 2.

—— A first search starts automatically. The CPU with the configured IP address is searched
& for. Since there is currently no station with this address, no results are shown.

3. Check the option "Show all compatible devices".

—< The checkmark causes all accessible stations to be shown and not just the one with the
& configured IP address.

4. Select the device "S7-1200 | ISO | MAC address". If this applies to more than one station, you
can use the function "Flash LED" (see Exercise 2).

5. Confirm the follow-up prompt with "Yes".

6. In the following dialog, click on "Load".
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2.16. Exercise 7: Setting the IP Address of the Touchpanel

Loader ¥11.00.00.00_01.85

Transfer

Start

Control
Panel

Control Panel

B D

Keyboard MoLse

em " a,

Systemn

3
Yanas®

i -:’ %—,

Transfer ,*
*

k
i

-

Profinet Settings

IP Address

IP address 192

Subnet mask 255

@ Specify an IP address

168 111 @ 111

255 255 0

Transfer Settings

Channel 1:
Ethernet

Advanced ¥ Remote Contral

Enable Channel

Task

On the touchpanel, set the IP address stored in the project.

What to Do

1. Stop the current Runtime

2. Follow the instructions shown in the picture.
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2.17. Exercise 8: Transferring the Touchpanel Project

T Siemens - DACoursesihly_Projectihdy_Project

Totally Integrated Automation

14

=]

Project tree

Froject Edit View Insert ©nline  Options  Tools in d elp
GF TR saveprojest S M = o X 92 A o Goonline * PORTAL
4

EE,] Devices & netwarks

[l PLC 1 [CPU 1294 DODGDE]
|4 HWI_1 [KTPE00 Basic color PN] |
+ ;’ Cornrnon data

3 rj]] Documentation settings

KTP60D Basic cao... EI

Load preview

9 Check before loading
4 r\_m Online access

v [ Card ReaderUSE memory S LT
4 @& v Hm

r p@ Languages & resources

[} v  Oueratite

JW‘ ‘E‘F Topology view ||5Eh Network view  |[If Device view | |4
) = . : : y =3
5O O Bl B [€ mevwor £ cornestions [ comenton ] g Aetetions | 12 =8 ° =3 || 3
-9

£

-]

£

Mame «
. o

> ] My Project =
A : HRAI_1 PLC_1 a

Add new device 5 o =

& CPU 1214C 8

Message Action
Ready for loading

_--'------.--
Qverntite if object exists online? . [ overwrite all

~
Do you want to overarite the existing useradministratiom}a’l‘a'af-g fomoooD©

[~

.

0 this HMI device?
0 [d):ji:?waﬂttu owerwrite the existing recipe data on the HMI E
<] \
al NG
» | Details view @
4 Portal view Finish || Load || cancel |
Task
Download the existing HMI project into the touchpanel.
What to Do
1. Select the touchpanel in the Project tree.
2. Click on the "Download to device" button as shown in the picture.
3. Check the option "Overwrite all" and then click on "Load".
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2.18. Exercise 9: Function Test Touchpanel Project and CPU Program

Switches system On 2>
Q4.0 = TRUE

Input and output of the
parts to be transported

Jog conveyor to the left
when Operation is
switched off

Acknowledge conveyor
faults which have
occurred

Display of a conveyor
fault which has
occurred
(conveyor time 2 6sec)

Operating state
display

Switches system Off >
Q4.0 = FALSE

Display of the parts
transported so far during
operation

T 1
T

Display of the current
part weight
->Does not yet work with
present program state

Jog conveyor to the right
when Operation is
switched off

Stop HMI Runtime

What to Do

Check the system functions described in the following.

Operation

The system can be switched on and off via the buttons "Operation ON" and "Operation OFF".

Operation OFF

The conveyor can be moved in the appropriate direction via the buttons "Jog Right" and "Jog

Left".

Operation ON

2-20

A value > 0 must be entered via the input field "Setpoint (quantity)".

When the conveyor is standing, the indicator lights show with a continuous light at Bays land 2
that a new part can be placed on the conveyor. If this has happened, the indicator light at the
particular bay shows with a 1Hz flashing light that the transport sequence can be started by
pressing the bay pushbutton. The part is transported until it has passed through the light barrier.
During transport, the bay indicator lights show a 2Hz flashing light.

If a transport sequence takes longer than 6 seconds, the conveyor is automatically stopped and
the fault is indicated with a flashing light on the touchpanel and the simulator LED "P_Fault"
(Q5.0). Only after the fault has been acknowledged via the appropriate touchpanel button or via
the simulator pushbutton "S_Ackn" (I 1.0), can a new transport sequence be started.

The transported parts are counted as they pass through the light barrier and the number is
displayed on the output field "Actual”. If the number, which has been input via the input field
"Setpoint", is reached, it is indicated via the conveyor indicator light "P_Bay-LB" (Q 8.4). Only
after this is acknowledged via the conveyor pushbutton "S_Bay-LB" (I 8.4), can a new transport
sequence be started.

@ The output field "Weight" does not yet display any values with the present program state.
The associated programming is done in the chapter "Analog Value Processing".
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2.19. Exercise 10: Selecting the Editing Language

Project tree

Devices

% Q © m

Mame

¥ ] My_Project

‘:' Add new device

ﬁg-t, Dewvices & networks

[T PLC_1 [SPU 1214¢ DEDODEC]
Tj HiAI_1 [KTPEOD Basic color PR]
ﬁ Comrmon data

_r;jﬂ] Documentation settings

v v v~

p_@ Languages & resources R4

_iy Project languages ¢
EI Project texts o
Al Project graphics -
] p_m Online access
] p_w Card Reader/USB memary

<| i

o/

My_Project » Languages & resources » Project languages

General

Editing language: | English {United Kingdomj v| Referernce language: English (United States) |«

[C1English {Trinidad and Tabaga)
M English {United Kingdom)
English (United States)
English (imbabewe)
[C]Estanian (Estanis)

T e LA L N

e

[TJFrench (Belgium)

[CJFrench {Canada)

[“JFrench (France)

[CJFrench {Luxembourg)

[CIFrench (Frincipality of Monaco)
i G o e e S

My_Project » Languages & resources » Project texts

[[JGeargian (Geargia)

[ German (Austria)

M German (Germany)
[[]German {Liechtenstein)
[[German {Luxembourg)

Device filter:

=] operation OFF

EI Corveyor maotor

=] Fault evalustion

=] operation ON

=] Mode section

=] setp. no. is reached

(Al objects selected)

‘ &) English {United States)

- 3 &
./ English {United Kingdorm)
Operation OFF

Corwveyor motor

Fault evaluation

Operation ON

Mode section

Setp. no. is reached

I i T s T R T e L L PP

| User texts System texts

=
German (Germany)

Betrieb AUS

Bandmtotor

][> ]

Fehlerauswertung
Betrieb AN

Auswahl Betriebsart
Stuickzahl erreicht
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2.20. Exercise 11: Runtime Settings

Project tree m 4
Devices
% M = T G | I
QO = Enera Language & font
Screens
r— Keyboard Runtime language and font selection
v 13 My projec S I t T
" ) User administration -
B Add new device Order | Enable Language Fized font 1 Default font
i Language & font . .
ﬁﬂh Devices & networks O a E English (Great Britain)  Tahoma Tahorma, 11.. [
» [ PLC_1 [CPU 12714C DUYDGDC] @ 7 M English (Usa) Tshoma  Tahoma, 17px
= T:' HMI_1 [KTPE00 Basic colar PM] 3 @ > M German (Germany) Tahoma Tahorna, 11px
[IY Device canfiguration L \:} D French (France) Tahoma Tahoma, 11px
% Online & diagnostics I (99} [ ralian {ital) Tahorna Tahorna, 11px
'f Runtime settings m [} [} spanish (Spain) Tahorma Tahorna, 11px
b Tj Screens :
» TE Screen management
» [ HMitags
%24 Connections
[ HMI alartns
o Recipes
5] scheduled tasks
.11 Text and graphic lists
igj User adrministration
—
<] i | » <] i >
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2.21. Additional Information
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2.22. Industrial Ethernet: IP Address and Subnet Mask

SICMIKS

Ethernet

A Industia

MAC Address: 08 00 06 01 74 10 MAC Address: 08 00 06 01 74 20
Subnet Mask: 255.255.255 0 Subnet Mask: 255.255.255|0

IP Address: 192.168.14150 | IP Address: [192:168.111]112 |

.S_u_b_ggt—. Device | |Subnet | | Device

Internet Protocol

The Internet Protocol (IP) is the basis for all TCP/IP networks. It creates the so-called datagrams
(data packets specially tailored to the Internet protocol) and handles their transport within the
local subnet or their "routing" (forwarding) to other subnets.

IP Addresses

IP addresses are not assigned to a specific computer, but rather to the network interfaces of the
computer. A computer with several network connections (for example routers) must therefore be
assigned an IP address for each connection.

IP addresses consist of 4 bytes. With the dot notation, each byte of the IP address is expressed
by a decimal number between 0 and 255. The four decimal numbers are separated by dots
(see picture).

MAC Address

Every Ethernet interface is assigned a fixed address by the manufacturer that is unique
worldwide. This address is referred to as the hardware or MAC address (Media Access Control).
It is stored on the network card and uniquely identifies the Ethernet interface in a local network.
Cooperation among the manufacturers ensures that the address is unique worldwide.

Subnet Mask

The subnet mask separates the IP address into network and device (computer) address.
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2.23. Online Access: Assigning an IP Address for the PG

g EEEEEsEEESEEESEEEEEESEEEEEEEEEEE,

L LAN-Connection 1 L-'. LAN-Connection 2
Semr=  MNetwaork cable unplugged » TS  MNetwork cable unplugged
v

@ % 96 G Intel(R) 82574L Gigabit Network C... J ¢ S Intel(R) 82577LM Gigabit Network..
1

Control Panel Home

Manage wireless network

'---------------------- - ) [
+ Change adapter settings : . LAN'C"""M'WV‘%
“Ehange advanced shanng || | "o (Sl
settings Cormect using —>192.168.111.90

‘-'-." Intel(R) 825741 Gigabit Network Connection
[
Thig connection uses the following items:

% Client for Microsoft Networks -
JH 005 Packet Scheduler | Intemet Protacol Version 4 (TCP/IPvd) Pl gerties
.@ File and Printer Sharing for Microsoft Networks L
- SIMATIC Industrial Ethemet (150) 1 General

-4 PROFINET 10 RT-Protocol V2.0 - You can get IP settings assigned automatically if your netwark sup;

o =2 TP PRt b FVERSRA § TR I PV this capabiity. Otherwise, you need to ask your network administr
MWW et Protocal Version 4 (TCP/IPv4, - for the appropriate IP settings.

"ddmmsmammsssasndinnannnna? |

x= MNetwork and Sharing Center

=}

| Obtain an [P address automatically
Uniinsf
Install... Uininstall - E & Use the folowing 1P address:
: ¥ 4 ¥ .
Transmission Control Protocol/Intemet Protocol. It - . »
wide area network protocol that provides communi Subnet mask: T 255.255.2%5. 0 .
across diverse interconnected networks. Y e it |
Default gateway:

mmj‘ i s, TYAC, = s . gy e

IP Address of the Programming Device
You can set the IP address of the PG as shown in the picture.

If an online connection between the programming device and the CPU is to be established, the
same subnet mask must be assigned to the two devices. The assigned IP addresses have to be
located in the same subnet.

TIA-MICRO2 — Commissioning the Hardware and Software 2-25

Training Document V13.01.01



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIMATIC S7-1200 Advanced Course

2.24. OB - Organization Blocks
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OBs

Organization blocks form the interface between the user program and the CPU’s operating
system.

Organization blocks are called exclusively by the operating system. There are various start
events (time interrupt, hardware interrupt, ...see picture).

Startup Program

After a restart, a startup program is executed. In the startup OBs you can, for example, carry out
a pre-assignment of communication connections.

Cyclic Program Execution

The program stored in the cyclic OB is executed cyclically, that is, after it is executed completely
it is executed again. With this cyclic program execution, the reaction time results from the
execution time for the CPU’s operating system and the sum of the command runtimes of all
executed instructions. The reaction time, that is, how fast an output can be switched in relation to
an input signal, amounts to a minimum of one time and a maximum of two times the cycle time.

Periodic Program Execution

This makes it possible to interrupt the cyclic program execution at fixed intervals. With the cyclic
interrupts, an organization block (for example OB235) is executed after an adjustable time base
(for example, every 100ms) has expired. In these blocks, closed-loop control blocks with their
sampling time, for example, are called.

Event-driven Program Execution

In order to be able to react quickly to a process event, the hardware interrupt can be used. After
an event occurs, the cycle is immediately interrupted and an interrupt program is executed.

With time-delay interrupts, a freely definable event can be reacted to with a time-delay; with an
error OB, the user can influence the behavior of the controller in case there is an error.
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2.24.1. Events which Start an OB
Event Class OB No. Number Start Event Priority
Cyclic Program 1,>=123 >=1 End of startup or End of last cycle OB 1
Startup 100, >= 123 >=0 STOP-RUN transition 1
Time-of-day interrupt >= 10 Max. 2 | Start time has been reached 2
Time-delay interrupt >= 20 Max. 4 Time-delay expired 3
Cyclic interrupt >= 30 ) Constant bus cycle time expired 8
Max. 50 'Positi\(e (risin.g) edge (max. 16) 18
(more can be | *Negative (falling) edge (max. 16)
Hardware interrupt >=40 used with | «HSC: Count value= Reference value (max. 6)
DETACH and| S C: Count direction changed (max. 6) 18
ATTACH) | .4SC: External reset (max. 6)
Status interrupt 55 Oorl CPU has received status interrupt 4
Update interrupt 56 Oorl CPU has received update interrupt 4
Manufacturer or profile- CPU has received manufacturer interrupt or profile-
P 57 Oor1l e 4
specific interrupt specific interrupt
Diagnostic interrupt 82 Oorl Module has detected an error 5
Pull/Plug interrupt 83 Oorl Removal / Insertion of modules of distributed 1/0 6
Rack error 86 Oorl Error in the input/output system of the distributed 1/0 6
Cycle monitoring time exceeded, Called OB is still
. being executed, Time-of-day interrupt missed, Time-of
Time error 80 Oorl day interrupt missed during STOP, Queue overflowed, 22
Interrupt loss due to high interrupt load
Events
The operating system of S7-1200-CPUs is based on events. There are two types of events:
e Events which can start an OB
¢ Events which cannot start an OB
An event which can start an OB triggers the following reaction:
¢ |f you have assigned an OB to the event, this OB is called.
If it is currently not possible to call this OB, the event is entered into a queue according to its
priority.
¢ If you have not assigned an OB to the event, the predefined default system reaction is carried
out.
An event which cannot start an OB triggers the predefined default system reaction for the
associated event class.
The user program cycle is therefore based on events, the assignment of OBs to those events,
and on the code which is either contained in the OB or called in the OB.
The table above gives an overview of the events which can start an OB. It is sorted according to
OB priority. 1 is the lowest priority.
OB Priority
With the exception of the startup and cyclic OBs, all OBs have a priority which can be changed
between 2 and 24. In all, the priorities are staggered from 1 - 27, whereby 1 is the lowest priority
and 27 is the highest priority.
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2.24.2. Events which Cannot Start an OB
Event Class Event Event Priority System Reaction
Insert / Remove central Insert / Remove a module 21 STOP
modules
Vo access error during I/O access error during process image update 22 Ignore
process image update
Programming error in a block for which you
use the system reactions provided by the
Programming error operating system (Note: If you have activated 23 RUN
the local error handling, the error handling
routine programmed in the block takes effect.)
I/O access error in a block for which you use
the system reactions provided by the
I/O access error operating system (Note: If you have activated 24 RUN
the local error handling, the error handling
routine programmed in the block takes effect.)
Maximum cy_cle time Cycle monitoring time was exceeded twice 27 STOP
exceeded twice
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2.24.3. Interrupting the Cyclic Program

Interrupt execution

Write

Begin
OB2xy

Resume
OB2xy
L Fnd |
Begin
OB2xy
End

Interruption of OBs

Every OB program execution can be interrupted between instructions by an event (OB) with a
higher priority if this is set in the properties of the CPU. (CPU > Properties > Startup > OBs

should be interruptible).

Queue

If the OBs (with the exception of cyclic OBs) are not parameterized as interruptible or have the

same or a lower priority, then this event is entered into a queue according to its priority. The start

events of a queue are processed at a later point in time in the order they occurred.

Interruption of the Cycle Program

Cyclic OBs have the lowest priority and are therefore interrupted when there are call requests

from all other OBs, even if the OBs are not parameterized as interruptible in the CPU properties.
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2.25. DB - Data Block

Marne Data type Start value
<0 - Static
40 = War_l Bool false
<1 = War_2 Int
<10 = War_3 Bool false
] = War_4 Feal
< = b Measuring_point array[1..5] of Real
<0 = - Motor Struct
< = speed Int
<] u rated_current Feal
| u started_current Feal
<] = direction Bl false
4] = War_3 Byte I
40 = War_a Bool false
A7 =k Timer_l IEC_TIKIEF. false

Overview

Data blocks are used to store user data. Data blocks occupy memory space in the user memory
of the CPU. Variable data (e.g. numeric values) with which the user program works is located in
the data blocks.

The user program can access the data of a data block via bit, byte, word or double-word
operations. Access can occur symbolically or absolutely.
Applications

Data blocks can be used in different ways by the user depending on their contents. Differentiation
is made between:

e Global data blocks: they contain information which can be accessed by all logic (code)
blocks in the user program.

e Instance data blocks: they are always assigned to an FB. The data of this DB should only
be processed by the associated FB.

Creating DBs

Global DBs are created either via the Program Editor or according to a previously created "PLC
data type".

Instance data blocks are generated when a function block is called.
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2.26. FC — Function

EN — Motor ENO |—
1 FC
— Start Motor_On —} Output
anfr:tmeters — stop Setpoint — parameters
—_— —1 Speed
In/Out |
parameters e
Must assignment |‘|
=
... =—{EM
77 I
=777 —{HI_Limit OUT f— vivs
=777 —f LOW_Limit EMO =

Overview

Functions represent parameter-assignable blocks without memory. In STEP 7 they can have as
many input parameters, output parameters and in/out parameters as are required.

Functions have no memory; no separate, permanent data area for storing results exists.
Temporary results that occur during function execution can only be stored in the temporary
variables of the respective local data stack.

Application
Functions are primarily used when function values are to be returned to the calling blocks. (for
example, mathematical functions, single control with binary logic operation).
IEC-61131-Conforming Functions

1. Functions can have as many input parameters as is required. They can, however, only return
one result to the output parameter RET_VAL.

2. Global operands can neither be read nor written within functions.
No instances of function blocks can be called within functions.

4. Because of the missing "memory", the returned result of a norm-conforming function is solely
dependent on the values of the input parameter. For identical values of the input parameter, a
function always returns the identical result.

It is therefore up to the programming person to create norm-conforming functions or to
individually do the block programming and block structuring in STEP 7.

(&~ If 2 to 4 is fulfilled, then this is recognized in the Properties under the attribute “Block can be
used as know-how protected library element” after compilation and the block can be used in
every other project.
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2.27. FB — Function Block

T FB
— f FB-Interface
po— - Marme Data type Defaultwalue Retain Camment
1 < ™ Input
Instance < 2 4] = Bix Bool false Mon-retain Bero Staion
3 <] . S Bool é falze Man-retain =l Switch Station
DB 4 Q] = Pulse Bool false Mo in Pulse
5 |« = Station Ulnt i] lStation Mo
Setin DB
6 < ™ Output
/<. Hx Bool falze Mon-retain LED Station
& <l = |ndut
Can assignment 9 |4qq = Sx_MNext Bool false Retain Bit next station
10 <] = SHR_R Ulnt i] Man-retain Indesx
11 <4 = Akt_Station Ulnt ] Man-retain Current Station
12 <@ * Static
L - Stack 15 <0 = Sx_Aktive Bool false Retain Station aktive
\ |14 4] = EM S Abktive  Bool falz= Mopretain Edge Mermory Bit
Temp |15 <@ » Termp |
16 < > Constant
/ 17 <@ = rnay_Tirme Time THSs max. aktive Time
Does not use any memory space (can also be declared and used within FCs and OBS)

Overview

Function blocks (FB) are blocks of the user program and represent logic blocks with memory
according to the IEC Standard 61131-3. They can be called by all blocks.

Function blocks can each have as many input, output and in/out parameters as well as static and
temporary variables as are required.

Unlike FCs, FBs are instantiated, that is, an FB is assigned its own data area in which the FB can
"remember" process states from call to call, for example. In the simplest form, this private data
area is its own DB (Instance DB).

"Memory"

You have the opportunity to declare static variables in the declaration section of a function block.
The function block can remember information from call to call in these variables.

The ability of a function block to remember information over several calls is the essential
difference to functions.
Application

With the help of this "memory", a function block can implement counter and timer functions or
control process units, such as processing stations, drives, boilers etc., for example.

In particular, function blocks are well suited for controlling all those process units whose
performance depends not only on outside influences but also on internal states, such as
processing step, speed, temperature etc.

When controlling such units, the internal status data of the process unit are then copied to the
static variables of the function block.

~ Within an FB, if no global variables are used and only multiple instances are used for FB
calls, then this is recognized in the Properties under the attribute “Block can be used as know-
how protected library element” after compilation and the block can be used in every other project.
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2.28. Adding a New Block

Add new block [X
Devices Harme:
[Block_1 |
QO = [,
Longuege —
Mame % Humbzr. EEE I
* ] My_Project ] Orggroliitlon OManuaI
E Add new device Il @ runcmatic
gy Devices & networks
= r\-_[. PLC_ 1 [CPU1274C DCDCDC] % Description:
nT Device cgnﬂguratign Funstion block Function blocks are codg blocks that store their values permanently in instance data blocks,
=0 that they remain available after the block has been executed
% Online & diagnostics
« gl Program blocks [ & |
ﬁf\dd new block l
& 0B_Cycle [0B1] J3 _
48 Startup [0B100] Function « | Additional information :
28 FC_ConvMotor [FC16] N Title: |
2 FC_Count [FC18] Carmment: ~
2 FC_Fault [FC17] EB i~
4 FC_Indicate [FC14] Ve Data block version: - |
& FC_Mode [FCT5] 7 Author: l:l Userdefined 10: ‘ |
4 FB_Statistic [FB1] 2> | Additional inf
| | DE_OF [DE9S] ™ w apd of g.&dd new and open r Ok 1 | Cancel |
b = System blocks

Inserting a Block

A new block is created as shown in the picture. When you create a block, the type of block (OB,
FB, FC or DB), the programming language, the symbolic name and number, among other things,
must be defined. The block numbers can also be assigned automatically or manually.

In "Additional information”, the block can be documented in more detail, among other things, with
a Version number and an Author.
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2.29. Block Programming

...13-1 PN] » Program blocks » FC_ConvMotor [FC16] - EX
| . [
| De Insert network Options &
o A = \ T 3 [ (e W g P =0 K]
¢ Bl =2 & A @SB @@ © 6B S =R
b |Favorites g E_
- bl k [i T T T i —— 1 =
Fi g Program blocks e~ ] i i + | Basic instructions b
» [ Technology objects |—|I—"-|.'I— o = .~_f.kk)- =] 9 DISplay Favorites | 2
= o i On/Off Name i
D Eritzal sines {15 » Conveyor mo® control - | v S %] Hl] - ~
~ [ 4 FLCtags ! HI - =
2 chowall = Network 1:  Jog to;ﬂe right =
?; owall tags - ~ .||’ AN,
Sdd peavdag alle, | ne . o\ (- ]
o i~ . Dro! s SRR
g Default tag table [50] <<, .2 s e S prag &\ ol s "
% Conveyor [TsT ] S_Fight” S _Lef ’ "M jog_Right® ~<m
[ ]l L V i ] " {] (R.’
5 My Tags [27] Y : M| —(s)
4 TQ PLC data types |_£| Q )| SET BF
~ | Details view < %’o‘o H)| RESET_BF
‘QQ N M19.0 A9 DEWD DA99 DEWS £l sR 0
= vLBUX_countl  -pp_oF" Act_Ne "DBE_OF" Act_No RS
‘_I\lw-------.pg;q”5_.‘°| o OF" Act, OF" Act, f_lPl_ E
sl o3l NE o
<@ 5_OperationOFF %I0.0 =
<@ S_OperationON W01 - Network 2:  Jog to the left Add further input r
@ s_Fight %I0.2 CodMent
<@ System_Byte FMEO &l P_TRIG
&l N_TRIG
<l tet %M2000.0 -
- menedl N £ T [100% [+ 9 —— T r G

Block Programming

The instructions within a block can be programmed as follows:

¢ using drag & drop from the Favorites or the Instructions catalog to anywhere in the program

o Dby first selecting the location in the program and then double-clicking on the desired
instruction in the Favorites or the Instructions catalog

Operands can be entered with an absolute or a symbolic address. If a tag table of a data block is
highlighted (not opened!) in the Project tree, tags (variables) can also be pulled from the Details
view using drag & drop to the appropriate location in the program.

Favorites

Frequently used LAD (FBD) elements are available in the symbol bar which can be expanded
individually using drag & drop from the Instructions catalog.
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2.30. Block Calls

...1 [CPU 1214C DGZDCDC] » Program blocks » OB_Cycle [OB1] - X

Devices
QO R i s &« SRS QEHE CEal g

Tal Tw

Marne
b i = — 1

Comment

48 OB_Cycle [OB1] | \ TECTE

2B FC_Corwvhotor [FC16] & Drop > "FC_Convkotor”

3B FC_Count[FC18] EN ENO
4 FC_Fault[FC17]
38 FC_Indicate [FC14]

4 FC_Mode [FC15]
» 5 Systern blocks v Metwork 3: Fault evaluation

5| Online & diagnostics
= r;i:. Prograrn blocks
“b' Add new block

o
[ & [

» [ Technology objects Camrnent

» External source files

i Si FLC tags WECIT
& Show all tags FC_Fault
‘h‘\dd new tag table [ EN END
o
~ -4 D:efaulttag table [71] 3
< i | BHEEA i | [100% [+] ———

Block Calls

If one block calls another block, the instructions of the called block are executed. Only when the
execution of the called block is completed, is the execution of the calling block taken up again
and continues with the instruction that follows the block call.

The block call can be programmed using drag & drop or copy & paste.
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2.31. Block Groups

B Add new device
oy Devices & netwarks
» [ PLC_1 [CPU 1214C DO/DGDC]
I} Device configuration
3| online & diagnastics

= [ Program blocks

d new block
in [QB1]

4 FC_Fault
4 FC_Indic:
4 FE_Time

\,

@ DEFE T o
[ Technology T Paste
I

Ext |
ernal soL CDmpilE
Lz FLCtags
M=
Ll PLC data tvp st o anline

|2 watch and force tables

- vy v v v

Project tree m «
Devices

Mame

¥ ] My_Project [~

Add new block

Searchin PLC and open.y

Download to device

Project tree m 4

Devices

6O O = 2
Marme
¥ ] My Project
ﬁb' Add new device
EE,, Devices & networks
= [ PLC_1 [CPU 1274C DEDCDC]
[T Device configuration

[2]

B Online & diagnostics
= [ gl Frogram blocks
ﬁb' Add new block
48 tain [OB1]

N [Groue_|

colaie | ¥ L PLCtags

48 FC_Convhiotor [FC16]
48 FC_Count [FC18]

F7 4B FC_Fault [FC17]

4 FC_Indicate [FC14]
& FE_Time [FB1]

@ CEB_FE_Time [DB1]

, m;“ﬂ-?;chnology objects

I )
y * External source files

» [ PLC data

P

Project tree m «
Devices

Mame

¥ ] My Project [a]

B Add new device
gy Devices & netwarks
» [ PLC_1 [CPU 12142 DEDGDC]

I} Device configuration

% Online & diagnostics
- [ Program blocks
ﬁl‘ Add new block
2 Main [CEB1]
‘.’I F_ConvMotar [FC16]
. 4 FC_Count [FC18]

o 4 FC_Fault [FC17]
:' 4 F_Indicate [FC14]
‘.. 4 FE_Tirne [FE1]
N @ DE_FE_Tirne [DB1]

» [t:) conveyor
v [ Technology ohjects

b External source files
» [g PLCtags

» [l PLC data HEEE—WM

Block Groups

2-36

To achieve more clarity, large programs with many blocks can be divided into different block
groups. The groupings can, for example, be related to the structure of the system to be

controlled. Even if the blocks are managed in different groups, each block must have a unique
symbolic name. Regardless of the groupings, the sum of all blocks represents the user program

of the controller.

The blocks can simply be shifted between the block groups using drag & drop.
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2.32. Compiling a Block

T4 Siemens - D:\Courses\My_ProjectiMy_Project

—

Project Edit “iew Insert ©Online  Options  Toaols
S i sevepree 3 X 32w x e FLO
|

W g ERE8r@rEHw Caad g

Devices

40O =3 e
6.4 Network 1:  Run corveyor RIGHT
(HATHA Comrment
> ] My_PFroject
B Add new device w03 %085
hi'b Devices & networks “ "5 Left" "K_Right"
~ [l PLC_7 [CPU 1214C DGYDGDC] 1|

I pevice configuration

11 :/: :
|

¥  Network ZV

% online & diagnostics

i ri; Program blocks
B Add new block
2 Main [0B1]
48 FC_ConuMotor [FCT6]
b [ Systemn blocks
3 h_* Technaology ohjects

100% = I

\\{"_ﬂ’lnfo y”ﬂDiagnustics ‘

» [} Extemal source files | General y” Cross-references ” Compile

3 r:d PLC tags @Ehhuwallmessages |'|

=
¥ Uig| PLC data types Compiling campleted (errors: 1; warnings: 0)

o
D Lep) blefinto @noe) fores elilies I Path Description Gota 7 Errors
v [ig online backups 9 - PLC 1 P 7
» [ Traces .

o L ey e , '
b+ L5t Device proxy data n - FCT:D-nUTﬂD-IDr’-(FC16) - e mm. - 1

B0 Pragram info = " : P—— )

o Metwark 1 The operand required at the input or output is missing or has ...~ M R

& Text lists

T

v
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bl

Compiling a Block

With the Compile icon, all changes of whatever is selected (highlighted) in the Project tree are
compiled (in the example shown, all changes of the entire program are compiled). The changes
of individual blocks (select relevant block), the changes of the entire program or the changes of
the entire station with software and hardware ("Station" is selected) can be compiled.

To completely compile the blocks or the station, the context menu (right click) of the folder
"Program blocks" or the station is opened and the function "Software (rebuild all blocks)" or the
function "Hardware (rebuild all)" is selected in the menu "Compile”.

In the Inspector window "Info -> Compile”, the status of the compilation is displayed. If errors
occurred during compilation, you can jump directly from the error entry to the error location by
double-clicking.
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2.33. Downloading Blocks into the CPU

Project Edit “iew Insert  Online  Options Tools  Window

H
1 R g Goonline;

Project tree

Devices Extended downloaw aevice
[ ¢ = = Configured access nodes of "PLC_1"
5 QO EE; | -
Device Device type Slot Type Address Subnet
FLC 1 CRUT214C DD, 11 FRIIE 192.168.111.101 FM/IE_1
Mame
¥ 7 My _Project
. .
I Add new device Type ofthe PGIFC interiace: B PRAE [+
E\E’h Devices & netwarks PGIFC interface: Wl Intel(R) 525741 Gigabit Network Connection || (0)
- ~
LmPLC [CRU 12740 DEDAL.. Connection to intedace/subnet: ‘ Direct st slot'1 ®1' |" Cp)
Y Device configurstion -
ioe configuratic e | [ ©
% Online & diagnostics
== Compatible devices intarget subnet: [ Show all compatible devices
g Program blocks
= Device Device type Type Address Target device
B Add new block = L/ P i
FLC_1 CPU1214C DD, FHIE 192.168.111.101 PLC_1
4 0B_Cycle [0B1] = = PHIIE Access address =
48 FC_ConvMotor [FC16]
48 FC_Count [FC18]
A N I i [ |Flash LED
Online status information:
€ Scan completed. 1 compatible devices of 2 accessible devices found
r¥7 Retrieving device information... =
Scan and information retrieval completed
[ Display only error messages

Downloading into the CPU

The project data which is downloaded into the devices is divided into hardware and software
project data.

Hardware project data results from configuring the hardware, networks, and connections. The first
time you download the data using the icon "Download to device" the hardware project data is
completely loaded. In subsequent downloads, only configuration changes are downloaded.

In order to once more download the entire configuration, you open the context menu of the station
and select the function "Download to device > Hardware configuration”.

Software project data involves the blocks of the user program. The first time you download, the
software project data is completely loaded. In subsequent downloads, either by means of the icon
"Download to device" or via the context menu, only changes are downloaded.

What is to be downloaded?
Selection via: Context menu of device > Download to device

— Hardware and

Software (only changes): Download all new and modified software project data
as well as the new and modified hardware configuration
— Hardware configuration: Download the entire hardware configuration
— Software (only changes): Download all new and modified software project data

(&~ If the changes to the objects to be downloaded were not compiled before the loading,
then the compilation is automatically carried out before the download.

(&~ The download is only carried out if the compilation is error-free.
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B F e 6 EOEOBL Gt HW @D - § 99 =
Mo condition defined. ~ e
¥  HNetwork1: . \ . =
hi4 30,2 WAS0.3 W03 hAT6.2 Monitor Block
"P_Operation” "5_Right" "5_Left" "M_TOF_Left" "M_Jog_Right" e
n / Off
— -
THOMS
WDETE2 L
"DE_TOF_Right" 3
TOF WA160.2
Time "M_TOF_Right"
IN
T#25 — FT ET
b Metwork 2: ..
BG4 hhi30.2 BA30.3 HhA160.2 ®OBE
"P_Operation” "5_Right" 's_Left" "M_TOF_Right" "K_Left"
W L W o
TH2S
HOE1E3
"DE_TOF_Left"
TOF WA160.5
Time "M_TOF_Left"
IN Q=== R
THZ25 ==l pT ET
b
100% B v e

Monitoring Blocks

The test function Monitor block is used to be able to follow the program execution within a block.
The statuses or contents of the operands used in the block at the time of program execution are
displayed on the monitor.

Monitoring

Blocks can only be monitored if an online connection to the CPU exists. Furthermore, the offline
block must be identical to the online block. If the offline opened block does not match the block
stored online in the CPU, either the online stored block must be opened, or the offline opened
block must be downloaded into the CPU before you can monitor and then you can monitor the
block.

Examples:
Status fulfilled >
Status not fulfilled >

"Element is represented with a green color"”

"Element is represented with a blue color"
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2.35. Block Networks

|- e A -—
B = Wiy = 2 g E
Open / Close
all networks & »=1 -4  =al
— ~ £.9 Network 4:  Count Parts
Detect the current number
Open/ Close
a network

EN

“F_Operation” — F_oOperation

aX  ew—a
1__ =D
Absolute / Symbolic <
operands S
+ "Act_Mo"
"B LE"
"M_Act_Mo=0"
"M_Act=m_Set"
"P_Operation”

H-ﬁ C ﬂe_tw?)rks Insert / Delete

AED8tEEw Cdad vy &= ¢

i i TR iy
Favorite_sa_n | Off
 —
—_—

"DE_FE_Count"

"FE_Count" :g

Curre _UT)HaE_inc_onsistent block calls
QU — "M_Act_Mo=0"
QD — "M_Act=h_Set”

Network comments On / Off

Free comments On / Off

Fehdir200 .

IED Shows tag information On / Off
W%M20.0

%m20.1
%01
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0. Introduction to PROFINET

6.1. Objectives

At the end of the chapter the participant will ...

be familiar with the PROFINET 1O device types
understand the term "Switched Ethernet"

be able to explain the principle of PROFINET IO device
addressing

be familiar with the procedure and necessary editors for
configuring a PROFINET IO device

be able to commission a distributed 1/O (peripheral) with
PROFINET IO

Objectives

In this chapter, the basics of PROFINET are handled. This includes not only the addressing
procedure and the device types, but also the configuration of distributed field devices in the TIA-
Portal.

TIA-MICRO?2 - Introduction to PROFINET
6-2 Training Document V13.01.01



SIMATIC S7-1200 Advanced Course

6.2. Task Description: Replacing a Central 1/O Module with
Distributed 1/0O

Distributed 1/0

Situation Up Until Now
The conveyor is controlled through the 8DI/8DO module of the central rack.

Goal

You are to commission the PROFINET system for your training device in such a way that the
conveyor model can be controlled via the ET 200S with the same functionality without having to
change the S7 program.
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6.3.

PROFINET IO Device Types

PROFINET IO Controller

S7-1200

S7-400 Ethernet
’*j‘:f: SW|tch

PROFINET IO Devices

S7-300 | | ET200eco

ET200S

o I ll m
L B
Intelligent 10 Dewce Compact

(i-Device) 10 Device Maue
10 Device

PROFINET IO Controller

The 10 controller (typically the PLC) establishes a logical connection to the connected 10 devices
after Power-On and subsequently parameterizes these (module parameters, address, etc.). (This
corresponds to the function of a Class 1 Master in PROFIBUS).

PROFINET 10 Device

An 1O device is a distributed 10 device that is connected via PROFINET IO (this corresponds to
the function of a slave in PROFIBUS).

Differentiation is made for the following 1O device types:
e Compact IO device: Fixed degree of expansion.
¢ Modular IO device: Variable degree of expansion; can be expanded or reduced as required.

¢ Intelligent 10 device: A PLC is configured not as an 1O controller but as an 1O device and
provides a higher-level controller with 1/O data.

IO Supervisor

This can be a programming device (PG), personal computer (PC) or Human Machine Interface
(HMI) for commissioning or diagnostic purposes. (This corresponds to a Class 2 Master in
PROFIBUS).

Ethernet Switch

6-4

PROFINET is based on Ethernet. For that reason, switches are always used as "network
distributors". Every node device is connected to a switch via a so-called "point-to-point”
connection. This is also referred to as a "Switched Ethernet". In most PROFINET devices, a 2
or multi-port switch is already integrated so that it is very easy to establish a line structure
(comparable to PROFIBUS).
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6.4.

PROFINET Communications Model

Accesses to a IT appli-
PROFINET device
from the Internet

e.g. reading out diagnostic data or
program download with the PG

cations

R, GBI ! Data exchange between 10
process data | .
= controller and 10 device

ﬂ Realtime ]

Device addressing:
o IP address
@ MAC address

The PROFINET Communications Model

The PROFINET concept is modularly designed so that you can choose the necessary
functionality. Essentially the functionality differs in the type of data exchange, in order to satisfy
the very stringent requirements for data transmission speed. The picture shows the correlation
between the communication channels for PROFINET 10. Both communication channels can be
used in parallel.

PROFINET IO Standard Data

Included in the standard data for PROFINET is the data which occurs, for example, when
monitoring online states, when downloading a user program or when reading diagnostic data.
This data is transmitted via the protocols User Datagram Protocol (UDP) and Internet Protocol
(IP). Since Internet Protocol (IP) is used, the device requires an IP address.

Fast, Cyclic Process Data

The exchange of fast, cyclic data takes place via the so-called Real-Time channel. This builds
directly on the Ethernet layer and is thus significantly faster since less protocol information has to
be evaluated here. The addressing of the devices takes place via the MAC address which is fixed
in every device by the factory.

IT Standards

The design of PROFINET WEB Integration focuses on commissioning and diagnostics. Within
these areas of application, WEB-based concepts can be used particularly efficiently. The WEB
services describe mechanisms to integrate PROFINET devices in the Internet/Intranet world. The
essential features are:

Access to a PROFINET device from the Internet or Intranet is done with standard protocols (for
example, http). The data is transmitted in standard formats such as HTML or XML and can be
presented with standard browsers such as Opera or Internet Explorer.
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This worldwide accessibility makes it easy for the application manufacturer to support the user
with commissioning. Access to the data is done via "Web Pages". Possible applications for WEB
Integration are, among others,

e Test and commissioning,
e Overview of the device data (PROFINET 10O),
¢ Device diagnostics and

e System and device documentation.
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6.5. PROFINET Device Addressing

Eie]

During system power-up, the 10 controller L

0

writes the IP address into the 10-Device

“:Hﬂ“::ﬁ MAC Address: e.g. 08:00:06:01:57:3C

| e.q.:192.168.111.27 '

- The 10 supervisor (commissioner) writes the
2

device name into the PN device e.qg.: finalassembly-1 =
(comparable with setting the PROFIBUS address)

Factory setting L Mﬁj: =

p=my| =

PROFINET Device Addressing

So that the 10 devices are accessible for the 10 controller, they must be supplied with unique
address parameters. After the addressing, every IO device has three address parameters

MAC Address
In its factory settings, every PROFINET device already has a fixed, world-wide unique MAC
address. As a rule, this cannot be changed. It is required for the Real-Time communication.

Device Name

Before an 10 device can be addressed by an 10 controller it must have a device name. This
procedure was chosen for PROFINET because names are easier to handle than complex IP
addresses.

So that the individual devices are accessible during the IO controller’'s system power-up, they
are given device names. This occurs through the Supervisor. The device names which were
given for the individual IO devices offline must match the online device names. This is
comparable with setting the PROFIBUS address. If errors are made here, the 10 controller
cannot reach the 10 device.
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The rules for the converted names are listed in the following. If the converted name is not to
be different from the name of the module, then the name of the module must comply with
these rules.

The name consists of one or more labels which are separated by a dot [.].
Total length of the name: 1 to 240 characters
Length of a label: 1 to 63 characters

A label consists of the characters [a-z; 0-9]
Labels must not begin or end with the characters
The first label must not begin with "port-xyz" or "port-xyz-abcde" (a,b,c,d, e,x,y,z=0-9)
The name must not have the following format: n.n.n.n (n=0-999)

IP Address

In addition to the device name and the MAC address, an IO device also requires an IP
address so that acyclic Read/Write services can be executed, for example. During system
power-up, the 1O controller assigns the IP addresses stored in the device configuration to the
IO devices after checking the device names.
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Inserting Distributed I/O into the Project (Network View)

Pro De 0
;:’? Topology view H—h Network view
£ Network 1Y Connections ___::'-m'--. e v a2 Reia;o:s. 125 "
PLC 1 HMI_1
CPU 12174C KTP600 Basic co...
PN/IE 1
10 device_1
IM 151-3PN
Mot assigned -
<] 3| [125%

Options

ﬁ!]'f Device view |
& -

s o4
IE
Drag & prop
— — =

v Catalog

[<searchs
[ Filter
» L Controllers
» [ Hwl
» [l FC systems
» [ag Drives & starters
» [l Network components
» [ Detecting & Monitoring
~ [[§i Distributed i
» [ ET 2005P
» (g ET 200MmP
~ [ ET 2005
~ [ Interface modules
« [l PROFINET
~[HM151-3 PN
Il 6E57 151-3AA22-0480
[l 6657 151-3A423-0480
n lh6E S 453-3PA23-0AR0n
= [ TATETET -
AP ARRAR AN -
Il 6E57 151-3BB22-0AB0
M 557 151-36B23-0A60
» [ PROFIBUS

<]

Inserting Distributed I/O into the Project

PROFINET IO devices are added in the Network view. Here, you can insert the relevant devices
into the project by dragging & dropping them from the Hardware catalog.

In the beginning, the added device is not assigned to any controller and therefore appears in the
Project tree as (an) "Unassigned devices" in the same level as the PLCs and HMIs.

Projektnavigation

Gerate

i@

= ] Mein_Projekt2

B leues Gerat hinzufiigen
.E ﬁg-h Gerate & Metze
b (g PLC 1 [CPU1214C DODO/DC]
4 P_;j HII_1 [KTPE00 Basic PM]
» @ Micht zugeardnete Gerate
4
¥

_r;i Germeinsame Daten
5] Dokurnentationseinstellungen
¥ :‘b Sprachen & Ressaurcen

¥ [ onlineZugange
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6.7. Configuring a Connection to the CPU and Setting the Address

My_Project » Devices & networks _. General | 10 tags | Sy.SFEITI constants ‘ Texts
L} -
G 1 —
+ PROFINET interface [X1] =
5% Network| 1§ Connections [HMI connectior Genersl M B N nisassmaaamae
. Ethernet addresses il Name: | et200s-conveyor =,
. - . SisasssssmsmmsmsmmsmaEw Ly
b Advanced .DPEICIII'I.S n Rl siusin .
P, Hardware identifier = .
General 1 %
PLC 1 % P:S:I:ET' rerface 1) Ethemet add <
CPU 1214C SIEriace | .
General Interface networked with %
» Advanced options Subnet: | PNJIE_1 =1~
Q Hardware identifier !
@ 4 Module parameters 2
& W e :
Q. Hardware identifier [P prorocol .:
% :
O) d IF address: | 192 168 . 111 . 103 ,."’7:
I [ ] : R H
L | ) g1 7 Subnermask [255.255 255 .07 H
Q5 | A ~BFmmaa— e
% IP address of 10 device ster addrass. [5G
L U - VAN S | B e g
Te, ¥ | - FNET
10 device_1 - i Tt :
== ’. PROFINET IO device = [ Senerste PROFINET device name au'oomstica!l;'
IM 151-3FN n name
] FROFINET device name | et200s-conwveyor
PLC_1 [ H
— n = b Converted name: | et200s-conveyor
L u £ Device number: |1 [~]
A B B i NP N o

Configuring the Connection to the CPU

IO devices must be assigned to an 10 controller. This is done by dragging & dropping the
PROFINET interface of the 10 device onto the PROFINET interface of the 10 controller.

The 10 controller now recognizes the assignment and, during system power-up, queries the 10
device with the configured device name.

Address Parameters

e Device Name

The PROFINET device name is entered in the General part of the PROFINET interface of the

respective 1O device.
e [P Address

The IP address is automatically assigned (first free subnet address) through the assignment
of the 1O device to the 10 controller. It can be changed later on in the Properties of the
PROFINET interface of the 10 device.
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6.8. Configuring Distributed 1/0Os (Device View)

& "=--_-"-1’_ catalog

[& Topology view Mé Network view ® [} Device view ¥
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Drag &.°
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» [l 2D1 x 230VAC ST
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» (@ oo
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» (g Fm
» :m Frequency converter

1]

syse| K"""

< .E._. = ]

bGojejed atempiey (E

$j00) aujuQ E”

I

Configuring Distributed I/Os

Distributed I/Os are configured in the Device view by dragging the desired components from the

Hardware Catalog onto the individual module slots.

If the checkmark at "Filter" is set, only the compatible modules are automatically displayed.
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6.9. Writing the Device Name in the 10 Device (Device Initialization)
* Diagnostics Fod |~
General BRI ILans =
Diagnostic status
» PROFINET interface [X1] Configured PROFINET device
~ FLinctions EEEEENEEEEEEEEEEEEEEESR - —
- " PROFINET device name: er2005-Conveyor g o
Assign IF address ‘IIIIII;I,III.IIIIIIIIII
oswps am
Firmware update online access
RESeCiolactaryEetungs Type of the PGIPCinterface:  [@_piE I~
PGIPC interface: ﬂl_ntel(_R) S;SEEEigabit Metwork Connection :‘ r\@ Q:
Device filter
N [ Only show devices of the same type
r [ only show devices with bad p settings
d [] Only show devices without names
Accessible devices in the network:
n Bl m e RGP VEF e n s PRERS RNV W i n i i s m s nanm
® 0000 00-0E-8C-CB-D9-B6  IM151-3 — I Device name is different L]
S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEET
.(l L Illllllllli.
[ LED flashes | Update list = Assign name "
L e e : », " - ALELARLEERRE R
IP address MAC address Device type PROFINET device ner"o Status
0000  000E8CCEDIB6 IMI51-3  et200s-conveyor & ok

Device Initialization

The assignment of the device name to an IO device is the most important step in PROFINET
addressing. The device name configured offline and the device name that exists online must
match since the 10 controller first checks the device names of the connected 1O devices and then
assigns the configured IP addresses during system power-up. If an IO device is not accessible
under its configured device name, the 10 controller cannot establish a connection to the 10
device.

The IP address does not have to be assigned manually. It is assigned by the 10
controller during system power-up (after checking the device name). If, however, an IP
address is assigned manually, it is then overwritten by the 10 controller.

Ways of Assigning a Name

6-12

In principle, there are three ways of writing (assigning) the device name in an 10 device, whereby
only two of the three ensure that the offline configured device name really gets written into the 10
device without errors.

Version 1 and 2 (sure) - if possible, use one of these procedures!

The assignment of the device name is triggered from the device configuration of the 10
device.

1. Device configuration of 10 device = Right-click on the Interface module (Slot 0) - Online
& diagnostics 2 Functions = Assign name (see picture)

Or

2. Device configuration of 10 device =2 Right-click on the Interface module (Slot0) 2 Assign
device name

For both versions, the |0 device is selected based on the MAC address and, to be sure that
you have selected the right one, you can make the LEDs on the selected 10 device flash by
checking “LED flashes”. Since the configured device name is adopted, you can’'t make any
typing errors.
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e Version 3 (possible typing errors)

The assignment of the device name is triggered via "Accessible devices" or "Online
accesses".

Project view = Online accesses = Ethernet interface = 10 device = Online & diagnostics >
Functions = Assign hame

Here, any device name you choose can be assigned. This procedure can be used if you do
not have the original project. The disadvantage vis-a-vis Version 1 or 2 is that you can make
typing errors, that is, the device name does not match the offline configuration. In this way,
the 10 device is no longer accessible to the IO controller.

More than one PROFINET Device of the Same Type

Should several nameless PROFINET devices of the same type be available on the network, they
can only be differentiated by their MAC address. This is printed on the Interface modules.

Alternatively, the function "LED flashes" can also be used to differentiate the PROFINET devices
from one another. For this, a device is selected and the function "LED flashes" is started.

The LINK-LED(s) of the selected device always flash. This/These LED(s) normally show(s) that
there is a physical connection between the device and the next switch.
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6.10. Task Description: Controlling the Conveyor Model via the
ET200S

Distributed 1/0

Change /O addresses

Control conveyor model
via distributed 1/O

Task Description

The control of the conveyor model through the central 8DI/8DO module is now to be replaced by
the I/O modules of the ET200S.

For this, you must insert the new 10 device in your project and configure it. Furthermore, the
current I/O addresses of the conveyor model are to be used (QB8 and IB8) so that the user
program doesn’t have to be changed.
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6.10.1. Exercise 1: Inserting the ET200S in the Project and Networking It
My_Project » Devices & networks wa
if Topology view |.5§_»l Network view | [If Device view || Options
£x Network 1Y Connections tior [+] Z& relstions % 4B H : 3 ] -
“ﬂ v  Catalog
=( B[ iyt
PLC_1 HMI_1 [ Filrer
CPU1214C KIP600 Basic co... » (i Controllers ~
» [ HMi
» [@ PC systems
F » & Drives & starters
BAAE_1 - » _j Network components
: » 1§ Detecting & Monitoring
b v _ijj Distributed O -
» @ ET 2005F
» [ ET 200MP
~ [ ET 2005
PLC 2 et200s-conveyor = [ Interface modules
CPU1211C 1M 151-3FN < [ PROFINET c
PGl & ~ (3 1M 151-3 PN
Il 6557 151-3AA22-0480
Il 6E57 151-34A23-0AB0
Il 5657 151-38A22-0480
[l 6E57 151-38A23-0AB0
v| [l se57 151-38A50-0480
<Tml > [100% Fl —— & Il 5E57 151-36B22-0AE0 ey
Task
Insert the Interface module of your ET200S into your project and network it with the CPU Station
"PLC_1".
What to Do

1. Open the Network view of your project.
My_Project = Devices & networks = Network view

2. From the Hardware catalog, select the head module of your ET200S and drag it onto the

network plan using drag & drop.
3. Network ET200S with the CPU.

Drag the PROFINET interface of the ET200S to the PROFINET interface of the CPU and

drop it there.
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6.10.2. Exercise 2: Configuring the ET200S and Setting the PROFINET Address
Parameters
o' &
o o
e N
F
<7
s ' HEEEEED
Task
Configure the modules of the ET200S and set the address parameters.
What to Do
Open the Device view of the ET200S.
Equip the ET200S with the modules according to the order number on the individual modules.
3. Set"et200s-conveyor" as the PROFINET device name
Select the Interface module (Slot 0) = Inspector window - Properties 2 General - Name
4. Setthe IP address 192.168.111.103 for the 10 device.
Select the Interface module (Slot 0) -2 Inspector window = Properties 2 PROFINET
interface -2 Ethernet addresses = IP protocol
TIA-MICRO?2 - Introduction to PROFINET
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6.10.3. Exercise 3: Changing the I/O Addresses

Central module Distributed 1/0
— — —
= 2N QB8 and IB8

Situation Up Until Now

The binary input signals of the conveyor model are in IB8; the output signals in QB8. Currently,
QB8 and IB8 are processed by the central 8DI/8DO module.

Task
QB8 and IB8 are to be assigned to the I1/0O modules of the ET200S.
What to Do
1. Open the Device view of "PLC_1" and navigate to the address properties of the 8DI/8DO
module and assign the following addresses:
Module = 8DI/8DQ = I/O addresses
Input addresses - Start address: 88
Output addresses - Start address: 88
2. Inthe pop-up message, select "Do not change tags", since the PLC tags of IB8 or QB8 are
otherwise rewired to IB88 or QB88.
”T-ags in module
The module address has been changed. VWhat do you want to
= do with assigned tags?
@ Do not change tags,
O Feware tags with the new module address.
ook ! | Cancel
—
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6-18

3. Open the Device view of the ET200S.
4. For the input and output addresses of the ET200S, configure the addresses IB8 and QBS.

So that the 8 channels of a module are in one and the same byte, you have to pack the
addresses. For this, select both modules, right-click on one of the modules and then click
on "Pack addresses"

SIEMENS Gerat tauschen...

Device Tool starten
Y susschneiden
Eg| Kopieren
g Einfiigen
¥ Lischen
Umbenennen
- “-lllll...
Adressen packen
Adressen entpacken o
agy en®
' "apgmanu®
bersetzen

E/A-Adressen

Eingangsadressen \

LLLEN LLLTR
Anfangsadresse: |S a .0| . s 4 .
) " w n
Endadresse: |8 *e. 3|oY ‘; 7 "'
agp®
Organisationsbaustein: |--- (Automatische Aktualisierung) |v | erdgg)
Prozessabbild: |ﬁut0matische Aktualisierung |v | 1
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6.10.4. Exercise 4: Writing the Device Name in the 10 Device
(Device Initialization)

~ Diagnostics
General

1] | »

Assign name

Diagnostic status
» PROFIMET interface [X1]
- Functions Configured PROFINET device

Assign IP address 48
. PROFINET device name: | er200s-conveyor -
Assign name L e

Firmware update Device pe: 1M 151-3PN
Reset to factory settings Online access
Type of the PGIPC interface:  |B_PriE _‘.

PG/PCinterface: [ intel(R) 82574L GigabitNetwork Connection | =) 0[]

Device filter
@ Only show devices of the same type
t [} Only show devices with bad parameter settings

[] Only show devices without names

Ac ible dewvi inther rk:
n i deis m o AACRNEE 0 0 0 B R PP e s P s s s s s R RN
W 192168.111... 00-0E-3C-CB-D9-B6 IM151-3 er200s-conveyor G OK n

< >

[ LED flashes Update list ~ Assignname

Task
Assign the device name "et200s-conveyor" to your ET200S.
What to Do
1. Open the device configuration of the ET200S
2. Open the context menu of the Interface module and select "Online & diagnostics”
Right-click on the Interface module (Slot 0) -2 "Online & diagnostics"
3. Navigate to "Assign name"
"Online & diagnostics" = Functions = Assign hame
4. From the list of accessible devices select the device of the type "IM151-3" and click on
"Assign name"
5. Check whether the device name was assigned correctly by updating the list of accessible
devices.
f The ET200S still doesn’'t have an IP address. This will be assigned by the 10 controller
after you have transferred the modified hardware configuration of "PLC_1" and the 10
controller (CPU 1214) starts up again.
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6.10.5. Exercise 5: Compiling the Modified Device Configuration and Testing the
Program

Distributed 1/0

WT——

Preparation

Remove the conveyor cable connector from the central training device and insert it in the
ET200S’ socket.

Task
Download the modified hardware configuration of "PLC_1" into the controller and test whether
your user program behaves as usual.

What to Do

1. Transfer the modified hardware configuration of "PLC_1" into the controller.

2. Test your user program by producing at least 1 part and test whether the conveyor model can
be jogged to the left and the right when "P_Operation" = FALSE.

TIA-MICRO?2 - Introduction to PROFINET
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6.11. Additional Information
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6.11.1. Topology Editor

- X

MyProject > Devices & networks
= Topology view _.Q Network viey I Device viey

| = | @& 2 [100% [ -2

-~

PC-System_2 Wall HMI_T HN_2 HME_3
SIMATIC PC Sta. Clest TP1200 Comfort KTP1000 Bazsic Mobile Panel 2 -
L =
= :

PC-System_1 Wall [23
SIMATIC PC Sta.. TPt K

a
"

PLE_1 Pc_2 - SCALANCE-X2 PC 4
CPU 416F-3 PN CPU 317-2 PNIDP i %208 cPU1214C

1 1 |
i |

10 device_1
IM1534PH

10 device_2
IM 157-3PN

i

J

10 device_3
M 151-3PN

10 device_4
M 151-3PN

10 device_5
M 151-3PN
[ |
I |

™

Topology Editor

The configuration of the network topology is required for certain PROFINET functions. This
includes, for example, the functions "Enabling device replacement without exchangeable
medium" or "PROFINET IRT".

Caution!

A The planned topology is loaded into the 10 controllers involved. If the real topology is
changed later on, the functions that are built up on it are no longer executed correctly.
The LEDs "BF" and/or "MAINT" light up.

Functions of the Topology View

The Topology view is one of three work areas of the Devices & networks editor. The following
tasks can be carried out:
e Display Ethernet topology

— Display all PROFINET devices and passive Ethernet components of the project
including ports

— Display interconnections between the ports
— Display associated logical networks
— Display diagnostic information of all ports

e Configure Ethernet topology
— Create, change and delete port interconnections
— Rename stations, devices, interfaces, ports
— Add PROFINET devices and passive Ethernet components to the project from the
Hardware catalog
¢ Determine and minimize differences between the setpoint topology and the actual topology

—  Carry out offline/online comparison of Ethernet modules, Ethernet ports and Ethernet
port interconnections

— Adopt topology information existing online into the offline project

TIA-MICRO?2 - Introduction to PROFINET
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Differences between Network View and Topology View
e The Network view displays all logical subnets of the project.

e The Topology view displays all Ethernet components of the project. This also includes
passive components such as switches and media converters and cables.

e The position of a device in the Network view and its position in the Topology view are
independent of one another, that is, as a rule, one and the same device is located in a
different position in each of the two views.

6.11.2. Topologies

Line Star

Star Structure

The simplest network structure is a central Switch that enables the data transmission between the

connected devices.

¢ Advantages
— Easy managing, monitoring and diagnosis in the network
— Flexible adding and removing of connections

¢ Disadvantages:
— Single point of failure (one single critical point in case of error)
— Wiring costs
e Appropriate for:
— Small production areas
— Individual production machines
—  Host system of a larger system
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Training Document V13.01.01

6-23



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIMATIC S7-1200 Advanced Course

Line Structure
The devices are arranged in series.

¢ Advantages:
— Cable cost savings for larger installations
— Traditional fieldbus structure

¢ Disadvantages:
— The transmission time can be influenced by the routing

Tree Structure
In principle, the tree structure is a combination of the line and star structure.
¢ Advantages:
— The system is very transparent
— Little data traffic since local data is restricted to the source location
— Greater safety since local data remains in the originating area
— Is also used to divide complex systems into logical subsystems

¢ Disadvantages:
—  Single point of failure (one single critical point in case of error)
—  Wiring costs

Ring Structure

The ring structure is the result of connecting the ends of a line structure.

An internal interruption of the ring at a switch ensures that data packages do not circulate. With
an interruption at another location, it is automatically closed.

The redundant path should not be combined with the outgoing path.

¢ Advantages:
— Additional failure security

¢ Disadvantages:
— Increased expenditures for hardware

TIA-MICRO?2 - Introduction to PROFINET
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6.11.3. The PROFIBUS User Organization

PROFIBUS « PROFINET

PROFIBUS & PROFINET International

[ TECHNOLOGIES
P RO F|I PROF |

PROCESS FIELD BUS INDUSTRIAL ETHERNET

B/'US N ET

PROXY Technology

The PROFIBUS User Organization

The leading automation vendors have joined forces in the PROFIBUS User Organization (PNO).
By now there are national user organizations in 25 countries which have united under the
umbrella organization PROFIBUS & PROFINET International (PI) and which represent the
interests of PROFIBUS users and manufacturers. PROFINET was integrated in the PI. The
international promotion of PROFIBUS and PROFINET is supported in cooperation with all
members. Over 1400 companies belong to the association. Included in the main tasks are:

e Continuous development of the technology
o Definition of user profiles
e Creation of test guidelines as specification for the test laboratories

e Certification activities to prove the conformance of Standards of PROFIBUS and PROFINET
products

e Assignment and management of PROFIBUS identity numbers
e Assignment of PNO-MAC addresses for PROFINET

e Member support

¢ Information dissemination

e Public relations activities and

¢ Common marketing activities
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6.11.4. PROFINET Proxy Concept

PROFINET

Proxy

_ifsL |
INTFRBUS | - PROFIBUS
O | | || 2

Field bus systems such as PROFIBUS or INTERBUS can be integrated in
PROFINET systems via Proxies.

PN Proxy Concept

Through the use of Proxies/Gateways/Links, it is possible to integrate existing bus systems in a
PROFINET network. For this, the manufacturers offer different solutions, for example the "IE/PB-
Link" from Siemens for the integration of PROFIBUS devices.

From the point of view of PROFINET, a proxy is an 10 device. For the connected PROFIBUS
slaves, the proxy represents the PROFIBUS master.

6.11.5. The MAC Address

Network TCP/IP Model
Adapter

=

4 Application layer

3 Transport layer

5

2 Internet layer

X

\il MAC

1 Network access layer —p-MAC Address

Manufacturer-specific part Consecutive number
47 40 39 3231 24 (23 16 15 8 7 0
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MAC Address

Every Ethernet device (node) requires, for the identification in the network on Layer 2 of the
ISO/OSI model, a unique address as a network access point for the layers above it. For that
reason, each device has a fixed, world-wide unique address which is given by the factory. This is
called the MAC (Media Access Control) address or MAC for short.

A MAC address has a length of 48 bits and is usually depicted in "canonical representation” (LSB
format) (e.g. with "ipconfig /all"). For the transmission of data it is defined that the least significant
bit of an octet (LSB) is sent first.

Ethernet A dress

The Ethernet address is 6 bytes long in hexadecimal notation. It is divided into a manufacturer-
specific part and a consecutive number. For smaller companies it may make sense to use the
PNO Ethernet address. That way, they don't have to apply for their own Ethernet address. The
OUI (Organizationally Unique Identifier) of the PNO is 00-OE-CF

Examples
e 00-OE-CF PROFIBUS User Organization
e (00-OE-8C Siemens AG A&D ET
e 08-00-06 Siemens AG IT Solutions
e 00-01-E3 Siemens AG
e (00-OE-FO Festo AG & Co. KG
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6.11.6. Industrial Ethernet: IP Address and Subnet Mask

- :
<
@
‘S
Va1
A nautre
MAC Address: 08 00 06 01 74 10 MAC Address: 0800 06 01 74 20
Subnet Mask:  [255.255.255.0 Subnet Mask:  [255.255.255.0
IP Address: 192.168.11150 IP Address: [192.168.111,102
'_Subnet | Device 'Subnet [ Device

Internet Protocol

The Internet Protocol (IP) is the basis for all TCP/IP networks. It creates the so-called datagrams
(data packets specially tailored to the Internet protocol) and handles their transport within the
local subnet or their “routing” (forwarding) to other subnets.

IP Addresses

IP addresses are not assigned to a specific computer, but rather to the network interfaces of the
computer. A computer with several network connections (for example routers) must therefore be
assigned an IP address for each connection.

IP addresses consist of 4 bytes. With the dot notation, each byte of the IP address is expressed
by a decimal number between 0 and 255. The four decimal numbers are separated by dots
(see picture).

Subnet Mask

The subnet mask (also net mask or network mask) is (in binary notation) a sequence of ones
followed by a sequence of zeros. The partition between ones and zeros marks the separation
between the network part and the computer (host) part of the IP address.
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6.11.7. The Partitioning of the IP Address

31 0

Host-ID

Network-1D

The partition between network

and host part is determined by

the specification of the subnet
mask.

Fewer networks, many
hosts per network - More networks, fewer
hosts per network

The Partitioning of the IP Address

The IP address is divided into a device part (Host-ID) and a network part (Network-ID). Originally,
5 different network classes were defined worldwide (A,B,C,D,E). For the network classes A to C,
it was uniquely defined which part of the IP address represents the Network-1D and which part
represents the Host-ID.

Attention!
A Today, IP addresses are no longer divided into classes. So that the partition between
Network-ID and Host-ID can still be determined, a subnet mask is also specified.

Network Size

If you shift the partition between Network part and Host part to the left, you have fewer networks
with many devices per network. If, however, you shift it to the right, you have many networks with
few devices per network.
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6.11.8. Comparison of PROFINET 10 and PROFIBUS DP

Function

PROFINET 10

Addressing possibilities

Slot, Subslot, Index

Data exchange

10 device is parameterized once and then works
independently (Provider/Consumer-Model)

Data channels

Several data channels can be established between
Controller/Supervisor and Device.

Data priority assignment

Possible, through flexible setting of refreshing
(update) rate.

Number of devices

Limited by CPU resources

IT services

Can be integrated without restriction

Device writing

XML-based with Schematic Definition

Access to the data of a field device

Reading and writing possible by several devices

Alarms and diagnostics

Can be prioritized differently

Device modeling

Several field devices of one device family can be
multi-lingually written in one GSD file

Address setting

Automatic address assignment part of concept

Transmission rate

100 Mb/s full duplex

Comparison
PROFINET IO and PROFIBUS DP differentiate themselves in the features shown in the picture.
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3. Analog Value Processing
3.1. Objectives
At the end of the chapter the participant will ...
be familiar with the principle of analog value processing
be able to assign parameters to an analog module
be able to address an analog module
be able to interpret the resolution of a module
be familiar with the operations for the analog value conversion
be able to program a simple analog value conversion
be able to evaluate the diagnostics interrupt of the analog module
be familiar with the principle of interrupt processing
be able to generate and program a cyclic interrupt
Objectives
In this chapter, the principle of analog value processing is presented. The goal is that the
participant is capable of parameterizing an analog module and of interpreting the resolution.
Furthermore, the necessary conversion operations are presented in order to be able to process
an analog value. The participant should be able to program a simple analog value conversion and
be able to interpret a diagnostics interrupt of an analog module.
3-2 TIA-MICRO?2 - Analog Value Processing
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3.2. Task Description

Al module Weckalarm-OB

Block title: Scaling analog value

Network 1: .

Simulator

0to 27648

0to 10V )

MORM_X
Int to Real

EN
. 0 bR
1 .
[Weight: 0 to 500kg "W Weight" P —|vaLUE o — #HELP REAL
27648 s EMC =

Evaluate fault on

the analog channel Network 2=

Weight display on
the touchpanel

SCALE_X
Real to Int

. — EN
0 — MIN
#HELF_REAL — wia| LIE our — "MW weight"
SO0 — M EMO =—

Act. Weight

- 0 to 500 kg

Task Description
In this chapter, the conversion and processing of analog signals is handled.

For this, a voltage is to be set and read in on the simulator potentiometer. This voltage simulates
part weight values. It will be your task to convert the read-in values every 250ms in the cyclic
interrupt into weight values between 0 kg and 500 kg using the operations NORM_X and
SCALE_X. The weight is only valid in the range of 100kg to 400kg. If the weight of the part
exceeds or falls below these limits, the part is considered invalid and no further transport
sequence can be started (Bay LEDs remain dark and conveyor movement to the right cannot be
started).

As well, you will learn how you must proceed when there is a channel fault of an analog module
in order to get detailed information on the fault event.
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3.3. Principle of Analog Value Processing
Process Analog input module User program
Physical Standard R Read in the result memory into the Process
quantity analog signal | image input table (PIl) at the beginning of the
cycle
Sensor Transducer Result TV A i ﬂ
memory N Direct I/0O access i
O Z =+ ADC H > :
NORM_X : NORM_X
Int to Real H Int to Real
..o=—EN ! ..o=—EN
* Pressure +500mV 0 — MIN i 0—MN
» Temperaturg 1V IWO6P — VALUE OUT — #temp | IW96 — VALUE  OUT — sitemp
* Flow + 5V 27648 — MAX  ENO — ! 27648 — MAX  ENO—
* Speed + 10V i
* pH value +20mA ;
* Viscosity 4 to 20mA Analog output module SCALE_X i SCALE_X
Real 10 Int ! Real to Int
. etc. etc. o i
—_ H —EN
0.0 — MiN T 0.0 — MIN
#emp — VALUE  OUT —QWBO:P! #emp — VALUE OUT —QW80
1.0 MAX ENO — g 1.0 MAX ENQ —
. Direct I/O access :
Conversion| ™ | L l;
Physical Standard - memory Output the Process image output table (PIQ) at
quantity | |analogsignal [ |71 DAC T < the end of the cycle to the analog output
module

Principle of Analog Value Processing

In a production process, there are a variety of physical quantities (such as pressure, temperature,
speed, rotational speed, pH value, and viscosity etc.) that need to be processed in the PLC for
automation purposes.

Sensor
Measuring sensors respond to changes in the quantity to be measured by such things as linear
expansion, angular ductability, and alteration of electrical conductivity.

Transducer
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.

ADC

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.

Result Memory

3-4

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 “IW...;:P"” addressing to read the converted analog value directly from the 1/O.
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Analog Output

The (MOVE) 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.

Analog Actuators

You can connect standard actuators directly to the analog output modules.
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3.4. Properties of Analog Input Modules

|g Properties ||"_i.'.|nfu y"ﬂ Diagnostics

J General || 10 tags ” System constants || Texts ‘ 5 I:I HE {2 I:I m 5:' -
» General I .
- A0 2 Analog inputs 4 I:l I:l HE I:E 5 54 5:'

hg nalog inputs; Noise reduction '

Channeld
channell Integration time: | 50 Hz (20 ms) Tl —
Channel2

Channel3

* Analog outputs > Channel0 1 I:l HE |:1 I:II:I mS:I
Channeld
Channell

60 Hz (16.6 ms)

Channel address; [Mas

"
IO addresses [| Measurement type |Vu|tage
"

\ w
Hardweare identifier Valtage range: | +- 10 ‘-‘ Wi |tlE| q =
Srnoathing: |Weak(4 cycles) "J Cu r'r'E r‘lt
[ Enable overlow diagnostics = = = " |.-- =Y,
=
[& Enable undedlow diagnostics I-I = I-I I r' = *+ oplyiri
= 2 ¥
> Channell
‘ﬁl’ruperties H:i.‘.lnfu y"ﬂ Diagnostics
J General || 10 tags ” System constants ” Texts |
b Genersl || W0 addresses | Wieak {4 II,'_III'I3|ES:I | - |
- AlJIAG 2

Input addresses
» Analog inputs

b Anal

cle)

tputs

Start address

End address: | 103

Medium {'In::le5]|
Strong (32 cycles)

Hardweare identifier

Qrganization black: | — (Automatic update) .

Process image: ‘Automat\sche Aktualisierung |

Analog Input Modules

In STEP7, analog input modules are configured and assigned parameters in the Device
configuration of the respective PLC. The settings or parameters of all modules are downloaded
into the CPU. The CPU must be in the STOP state to do this. In a subsequent CPU warm restart,
the CPU transfers these parameters to the relevant modules.

Parameters
For the respective module, differentiation is made between module parameters and channel
parameters.

Module Parameters

e General
Name and comment for the integrated analog inputs of the CPU.

¢ Noise Reduction
In the noise reduction, the noise frequencies of the specified frequency (in Hz) are
suppressed by the integration time which is set.

e |/O Addresses and Hardware ldentifier
The address space of the entry addresses as well as the process image is defined. The
hardware identity of the device is displayed.
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Channel Parameters

Measurement Type

The type of measurement, such as voltage, is set with this parameter. An unused channel
must then be deactivated since it is otherwise also converted which would result in a longer
total conversion time of the module.

Measuring Range (in the picture — Voltage range)
With this parameter, the measuring range of the selected type of measurement is set.

Smoothing

The smoothing of analog values generates a stable analog signal for further processing.
Smoothing the analog values is recommended in case of fast signal changes (measured
value changes), for example, in the level measurement of fluctuating liquids.

Underflow Diagnostics
Through this parameter, the underflow diagnostics is activated. If the measured value falls
below the underflow range of the channel, a diagnostic interrupt is triggered.

Overflow Diagnostics

Through this parameter, the overflow diagnostics is activated. If the measured value exceeds

the overflow range of the channel, a diagnostic interrupt is triggered.
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3.5. Properties of Analog Output Modules

‘Q Properties ‘l"j‘.lnfu y”ﬂ Diagnostics |
J General H 10 tags ” System constants ” Texts ‘
b General [ il —
- M4l 2 nalog outputs =
b Anal t:
g npute ; : Keep lastwvalue
LB #nalog outputs; Reaction to CPU STOP: | Use substitute value \v 5
O addresses IUze substitute value
Hardware identifier > Channzl0
Channel address: [Qwas ]
ol Analog output type: ‘Vﬂ\tage ". -— C
“
M voltage range: [+-10% [~] urrent
g Substitute walue for channel on
Il a change from RUN to STOP: ‘D oo Vl
[& Enable short circuit diagnostics <
[# Enable broken wire diagnostics — -
020 ms
Enable overflow diagnastics il
Enable undelow diagnostics
+= 100
‘g Properties ”*_i.‘.lnfo y”ﬂ Diagnostics
J Genetral ” 10 tags || System constants ” Texts |
b General 0 addresses
Al dIAQ 2
v 9 = Input addresses
¥ Analoginputs
e loslonnis Startaddress |96 |
"
Hardware identifier & s |103 |
* Organization block: |— (Automatic update) |
Process image |Autumat|sche Aktualisierung |

Analog Output Modules

In STEP7, analog output modules are configured and assigned parameters in the Device
configuration of the respective PLC. The settings or parameters of all modules are downloaded
into the CPU. The CPU must be in the STOP state to do this. In a subsequent CPU warm restart,
the CPU transfers these parameters to the relevant modules.

Parameters

For the respective module, differentiation is made between module parameters and channel
parameters.

Module Parameters

e General
Name and comment for the integrated analog outputs of the CPU.
¢ Reaction to CPU STOP

— Use substitute value
The peripheral device outputs the value previously set for the channel.

— Keep last value
The peripheral device retains the value last put out before STOP.

Caution !
A Make sure that the system is always in safe mode in the case of "Keep last value"!

e 1/O Addresses and Hardware Identifier
The address space of the entry addresses as well as the process image is defined. The
hardware identity of the device is displayed.
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Channel Parameters

TIA-MICRO?2 - Analog Value Processing

Output Type

The type of output, such as voltage, is set with this parameter. Unused outputs must be
deactivated since these are otherwise also converted which would result in a longer total
conversion time of the module.

Output Range (in the picture — Voltage range)
The output range of the selected type of output is set with this parameter.

Broken Wire Diagnostics (in Current mode)
With this parameter, the diagnostic Wire break is generated when there is a wire break. This
diagnostic is not noticeable in the zero range.

Short-circuit Diagnostics (in Voltage mode)
With this parameter, a diagnostic is generated when there is a short-circuit of the output wire.
This diagnostic is not noticeable in the zero range.

Overload Diagnostics
With this parameter, a diagnostic is generated when there is an overload.

Substitute value

With this parameter, a substitute value is specified which the module is to output when the
CPU goes into STOP. The substitute value must be in the rated range, the over range or the
under range.
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3.6. Analog Value Representation and Measured Value Resolution

Bit no. min. units ||15(14|13|12|11(10| 9|8 |76 |54 |3 |2 |1(0

Bit value |Dec.|Hex.||VZ|214[213]|212]| 211 (10| 29 | 28 | 27 (D6 | 25| 24 [ 23 | 22 | 21 | 20

8 128 80 * * * * * * * * *

9 64 40 * * * * * * * * * *

lo 32 20 * * * * * * * * * * *

Reso-
|ution 11 16 lo * * * * * * * * * * * *
in bits
+ Sign 12 8 8 * * * * * * * * * * * * *
(V2)
13 4 4 * * * * * * * * * * * * * *
14 2 2 * * * * * * * * * * * * * * *
15 1 l * * * * * * * * * * * * * * * *
*l=0o0r1

Representation
Negative 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.
Resolution

If the resolution of an analog module is less than 16 bits, the analog value is written into the
accumulator (module result memory) left-justified. The unused less significant bit positions are
filled with "0"s.

Accuracy

Resolutions of between 8 and 16 bits are possible, depending on the type of module.
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3.7. Analog Value Representation of Different Measuring Ranges
Voltage Current Resistance Temperature
such as: such as: such as: e.g. Pt100 (Standard)

Range "
Meas.range . Meas.range . Meas.range ) eas.range .
i 10V UnItS 4 tO 20mA Un|t5 0 t03000hm Un|t5 _200 t0+8500C UnItS
Overflow >=11.76 | 32767 >=22.815 |32767 >=352.778 | 32767 >=1000.1 |32767
11.7589 | 32511 22.810 32511 352.767 | 32511 1000.0 10000
Over range : : : : : : . :
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 : : :
75 -20736 : : : c : :
-10.00 -27648 4.000 0 0.000 0 -200.0 -2000
-10.0004 | - 27649 3.9995 -1 negative | - 1 -200.1 - 2001
Under range : : : : values : : :
-11.759 | -32512 1.1852 - 4864 not - 4864 -243.0 - 2430
Underflow || <=-11.76 |-32768 ||<=1.1845 |-32768 possible ' 35768 || <=-243.1 |-32768
Voltage, Current (Symmetrical)
Converting the symmetrical voltage or current ranges
. +80mV . +25V . + 3,2 mA
. + 250 mV . + 5V . +10 mA
. + 500 mV . + 10V . +20 mA
. 1V

results in a rated range of -27648 to +27648.

Voltage, Current (Asymmetrical)
Converting the asymmetrical voltage or current ranges

. 0..2V . 0..20 mA
. 1..5V . 4..20 mA

results in a rated range of 0 to +27648.

Resistance
Converting the resistance ranges

. 0 to 150 Ohm
. 0 to 300 Ohm
. 0 to 600 Ohm

results in a rated range of O to +27648.

Temperature

Temperatures are measured with resistance thermometers or thermocouples. Converting results

in a rated range of ten times the temperature range:
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3-12

Sensor:

Pt 100
Ni 100
Thermocouple Type K
Thermocouple Type N
Thermocouple Type J
Thermocouple Type E

Temperature range:

-200 to + 850 °C
-60 to+250°C
-270to + 1372 °C
-270 to + 1300 °C
-210to + 1200 °C
-270 to + 1000 °C

Rated range when converted:

-2000 to + 8500
-600 to + 2500
-2700 to + 13720
-2700 to + 13000
-2100 to + 12000
-2700 to + 10000
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3.8. Analog Value Representation for the Analog Outputs

Voltage Current
Rz units Output ranges: Output ranges:
0to 10V | 1to5V + 10V 0to 20mA | 4to 20mA| +20mA
Overflow >=32767 0 0 0 0 0 0
32511 11.7589 | 5.8794 11.7589 23.515 22.81 23.515
Over range : . : : : : :
27649 10.0004 | 5.0002 10.0004 20.0007 20.005 20.0007
27648 10.0000 | 50000 - |10.0000 20.000 | 20.000 | 20.000
o 0 1.0000 | O 0 4.000 0
y 0 : 0 :
Rated range | - 6912 0.9999 : 3.9995
- 6913 0 : 0
0 : 0
- 27648 -10.0000 -30.000
- 27649 - 10.0004 - 20.007
Under range| . : :
- 32512 - 11.7589 - 23.515
Underflow |<=-32513 0 0

Voltage, Current (Symmetrical)
For symmetrical voltage or current ranges, a rated range of -27648 to +27648 is converted to:
o +10V
e +20mMA.

Voltage, Current (Asymmetrical)

For asymmetrical voltage or current ranges, a rated range of 0 to +27648 is converted to:

e OtolOV
e 1ltob5V
e 0to20mA
e 4to20mA.
Overflow
If the value to be converted reaches the overflow range, the analog output module is disabled
(OV, OmA).
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3.9.

Scaling Analog Inputs with NORM_X and SCALE_X (1)

® N signal at input “Value” in
0 \-27648 — MIN

"IW_Weight"— VALUE OUT == #temp

NORM_X
Int to Real

NORM_X scales the input

the limits “MIN and MAX”

to the signal range 0.0 to
%IW64 1.0

27648 MAX ENQO =—
Sensor supplies only positive voltages Sensor also supplies negative voltage

ouT ouT
A A
MAX = 1.0 MAX = 1.03

B>

>

> Value

0 X X+ 27648 -27648 x el

Norm_X

The analog module converts the voltage range of -10V to +10V into the value range of -27648 to
+27648. The "Normalize" instruction scales a value by mapping it to a linear scale. You can use
the MIN and MAX parameters to define the limits of a value range that is applied to the scale.
Depending on the position of this value to be scaled in the value range, the result is calculated
and stored as a floating-point number. If the value to be scaled is equal to the value at the MIN
input, the instruction returns the value "0.0" as the result. If the value to be scaled is equal to the
value at the MAX input, the instruction supplies the result "1.0".

Resolution

In example B, the measurement occurs with twice the resolution or with half as much measuring
tolerance A, since the measured value is mapped to the greater units range of -27648 to +27648.

Data Types

Sensor

3-14

e The parameters on the input-side can be one of the following data types:
SINT, INT, DINT, USINT, UINT, UDINT or REAL
e The parameter OUT can be one of the following data types: REAL or LREAL

In the following it is assumed that a sensor is used which has a measuring range of 0 to 10V
(case A) or -10V to 10V (case B).

Example A shows the scaling when a sensor is used that supplies a measured voltage of OV as
the smallest measured value and +10V for the maximum measured value. Example B shows the
scaling when a sensor is used which supplies -10V as the smallest measured value and 10V as
the largest measured value.
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Parameters
e VALUE: Value which is scaled.
e MIN: Lower limit of the value range
e MAX: Upper limit of the value range
e OUT: Scaled signal 0.0to 1.0

EN/ENO

The "Normalize" instruction is only executed if the signal state is "1" at the enable input EN. In this

case, the enable output ENO has signal state "1".

The enable output ENO returns signal state "0" if one of the following conditions applies:

e The EN input has signal state "0".

e The value at the MIN input is greater than or equal to the value at the MAX input.

e The value of a specified floating-point number is outside of the range of the scaled numbers

according to IEEE-754.

e The value at input VALUE is NaN (Not a number = result of an invalid arithmetic operation).

TIA-MICRO?2 - Analog Value Processing 3-15

Training Document V13.01.01



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIMATIC S7-1200 Advanced Course

3.10. Scaling Analog Inputs with NORM_X and SCALE_X (2)

0 \-300
ftemp

300

® ® —-kN

Sensor supplies only positive voltages

SCALE_X Sensor also supplies negative voltage
Real to Int

O‘:lT
MIN %MW36
VALUE OUT — "MW_Weight" 300 -

MAX ENO —

ouT
A 0
300 _ »VALUE
. 0
1
1
@ I
1
1
1
:
0 ! B
—>VALUE -300
0.0 1.0

SCALE_X

The "Scale" instruction scales the value at the VALUE input linearly by mapping it to a specified
value range. When the "Scale" instruction is executed, the floating-point value at the VALUE input
is scaled to the value range which was defined by the MIN and MAX parameters. The result of
the scaling is an integer which is stored at the OUT output.

Example

In the example shown, the value at the VALUE input is scaled within the limits 0 to 300 for case
A. In case B, VALUE is scaled to the limits -300 to 300.

Parameters

EN/ENO

=— The VALUE input may only be within the limits 0.0 to 1.0!

@

VALUE: Value which is scaled.
MIN: Lower limit of the value range
MAX: Upper limit of the value range
OUT: Result of scaling.

The "Scale" instruction is only executed if the signal state is "1" at the enable input EN. In this
case, the enable output ENO also has signal state "1".

The enable output ENO returns signal state "0" if one of the following conditions applies:

3-16

The EN input has signal state "0".
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e The value at the MIN input is greater than or equal to the value at the MAX input.

e The value of a specified floating-point number is outside of the range of the scaled nhumbers
according to IEEE-754.

e An overflow occurs.

e The value at input VALUE is NaN (Not a number = result of an invalid arithmetic operation).
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3.11. Controlling Analog Outputs with NORM_X and SCALE_X

Example: Control valve 0 to 100%

NORM_X
Int to Real
.. =—EN
0 MIN
%MW70
"MW _Valve_1"— VALUE OuT — #temp
100 MAX ENO

Calculated valve position in the
limits O to 100% is scaled to the

signal 0.0 to 1.0.
O“JT

1.0y

0.0

»WALUE
0 100

Normalized signal is scaled to the
corresponding rated range, here 0 to
27648, of the actuator.
SCALE_X
Real tO Int
EN
0~ MIN %AWGE
#temp VALUE ouTt "QW_Valve_1"
27648 MAX ENQ =
OAJT
27648 N ___
o +—WALUE
0.0 1.0

Controlling Analog Outputs (Example)

An analog value (valve position) calculated by the user program in the range 0 to 100% is
converted to the range 0 to +27648 through the combination of NORM_X and SCALE_X. In
outputting the unscaled value to an analog output module, it will control the analog actuator (for
example, a servo valve) with, for example, OV to +10V (depending on the output range set).

The example shows the scaling for an actuator that is to be controlled with the value 0 (OV or
OmA) when the program value is 0%, and with the maximum value (for example, +10V or 20mA)

when it is 100%.

3-18
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3.12.

Comparator Operations: IN_RANGE and OUT_RANGE

IN_RANGE
Int "H1"

“Value®

100 —IMIN

600
SeMW2 — VAL to query whether

00 —|MAX

—{s — w |'¢] Comparator oper...

MIN to query Hi} cmp == Equal
VAL whether of the "1
A e i HI| CMP = Mot equal
VAL is within a Al ChF == Greater or equal
specific value di
range

-

ChMP = Less or equal
Al CMP = Greater than
OUT_RANGE
Int %M1.0 Al CMF = Less than
Al IN_Range Walue within range
dl| OUT_Range “alue outside range
of the value at l —[OK|- Checkvalidit‘_-,r
Wiput VAL is outside | —|MoT_oK|- Check invalidity

a specific value
range.

IN_RANGE ] I

OUT_RANGE | |

IN_RANGE

With the "Value within range" instruction you can query whether the value at the VAL input is
within a specific value range. You define the limits of the value range with the parameters MIN
and MAX. In executing the query, the "Value within range" instruction compares the value at the
VAL input with the values of the parameters MIN and MAX and assigns the result to the box
output. If the value at the VAL input fulfills the comparison MIN <= VAL <= MAX, the box output
has signal state "1". When the comparison is not fulfilled, the box output has signal state "0".

The compare function is only executed if the values to be compared are of the same data type
and the box output is used.

OUT_RANGE

With the "Value outside range" instruction you can query whether the value at the VAL input is
outside of a specific value range. The limits of the value range are defined through the
parameters MIN and MAX. In executing the query, the "Value outside range" instruction
compares the value at the VAL input with the values of the parameters MIN and MAX and
assigns the result to the box output. If the value at the VAL input fulfills the comparison MIN >
VAL or VAL > MAX, the box output has signal state "1". When the comparison is not fulfilled, the
box output has signal state "0".

The compare function is only executed if the values to be compared are of the same data type
and the box output is used.

OK /NOT_OK

The OK (NOT_OK ) instruction checks whether the value of the variable specified through the box
corresponds to a valid REAL or LREAL. If this is the case, the box supplies RLO '1' at its output.
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3.13. Organization Blocks: Overview

FC =

Hardware . -

Global
~

FB
3 -

Instancg i
™~ ke

FC

Interrupt processing

OBs

Organization blocks form the interface between the user program and the CPU'’s operating
system.

Organization blocks are called exclusively by the operating system. There are various start
events (time interrupt, hardware interrupt, ...see picture).

Startup Program

After a restart, a startup program is executed. In the startup OBs you can, for example, carry out
a pre-assignment of communication connections.

Cyclic Program Execution

The program stored in the cyclic OB is executed cyclically, that is, after it is executed completely
it is executed again. With this cyclic program execution, the reaction time results from the
execution time for the CPU’s operating system and the sum of the command runtimes of all
executed instructions. The reaction time, that is, how fast an output can be switched in relation to
an input signal, amounts to a minimum of one time and a maximum of two times the cycle time.

Periodic Program Execution

This makes it possible to interrupt the cyclic program execution at fixed intervals. With the cyclic
interrupts, an organization block (for example OB235) is executed after an adjustable time base
(for example, every 100ms) has expired. In these blocks, closed-loop control blocks with their
sampling time, for example, are called.

Event-driven Program Execution

In order to be able to react quickly to a process event, the hardware interrupt can be used. After
an event occurs, the cycle is immediately interrupted and an interrupt program is executed.

With time-delay interrupts, a freely definable event can be reacted to with a time-delay; with an
error OB, the user can influence the behavior of the controller in case there is an error.
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3.13.1.

Cyclic Interrupts

Add new block

Devices Marre:

s O 0 EI =y |Qu'c:|ic: interrpt_
& Program cycle Language: ﬂ
Marne #
& Startup
- i MNurnber: 200
- M{"—PmJECt OB & Time delay interrupt HImBEr | El
B Add new device Organization & cyolicinterrupt (®) manual
ﬁﬁn Dewvices & netwarks black & Hardware interrupt O Autornatic
A Tm PLC_1 [CPU 1214C DD CDC] R & Time error interrupt _
']T Device configuration & Diagnostic error interrupt el i (il
% Online & diagnostics % & Pull or plug of modules Description:
= - .
¥ |t Program blocks . = R_aCk Cifstaticnliai s A "Cyclic interrupt” OB allows you to start
“é add new block Function block & Time of day programs at petiodic intervals,
I & Status independently of cyclic program execution.
4 OB_Cycle [0B1] & Update The intervals can be defined in this dialog or
48 Fo_Conwhotor [FS1 6] P in the properties of the OB.
- e | L Profile
Execution of cyclic interrupts:
RUN 0OB200 0B200 : o ?
Prio 7
3 g -
I P
Prio 1

Description

Cyclic interrupt OBs are used to start programs in equidistant intervals regardless of the cyclic
program execution.

The time interval defines the intervals in which the cyclic interrupt OB is started and is an integral
multiple of the basic clock of 1ms. The phase offset is the time by which the start time is shifted
vis-a-vis the basic clock. When several cyclic interrupt OBs are used, you can use this offset to
prevent a simultaneous starting time should the time intervals of the cyclic interrupt OBs have a
common multiple. You can specify a period between 1 ms and 60000 ms as the time interval.

Note
The runtime of every cyclic interrupt OB must be considerably less than its time interval. If a cyclic
interrupt OB is not yet completed but is once again pending for processing because the clock has
run out, the time error interrupt OB is started. After that, the error-causing cyclic interrupt is
carried out or discarded.

Example
You have inserted two cyclic interrupt OBs into your program:
e cyclic interrupt OB1
e cyclic interrupt OB2
For cyclic interrupt OB1, you have set a time interval of 20 ms and for cyclic interrupt OB2, a time
interval of 100 ms. After the time interval of 100 ms has run out, cyclic interrupt OB1 reaches its
starting time for the fifth time, cyclic interrupt OB2 for the first time. In order to nevertheless
process the cyclic interrupt OBs with a time delay, enter a phase offset for one of the two cyclic
interrupt OBs.
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3.13.2. Phase Offsets for Cyclic Interrupts

Cyclic interrupt [OB202]
General

r\'\_
- ] . p— o ———— T
L=t Frogram blocks General

B ~dd new block Information Cyclie MepUpt
. Time stamps
2 Main [CB1] e
Compilation

2 OB_Cyclic-interrupt [QE235] Protection
s - Attributes |

2 CB_HW-In g Froperties...  Alt+Enter |

W Cyclic interrupt [OB202 e ARG | P U Po SO ORI

W Cyclic interrupt_1 [OB204] |
Cyclic interrupt_1 [OB204]
F'ru:-perties... Alt+Enter i

{

] Gener_al | i

| General
T T OB 202 ) Cyclic interrupt
Information

| Cyclic time (ms): |1UD[J |

Phase offset (ms): [G

PO R SRS L T

J
!
{
Time stamps !
Compilation cyelic time (ms): | 2000 {

}

{

Attributes

< 1000ms -+ Dl

Phase offset R | P R S S SE——

“ OB 204 Protection Fhase offset (ms): | 200

Phase Offset

With cyclic interrupt OBs, you can start programs at regular (equidistant) intervals. For this, you
have to enter a time interval and a phase offset for every cyclic interrupt OB used.

Note
When you assign parameters to several cyclic interrupt OBs, you must give each cyclic interrupt
OB a different cyclic time or phase offset in order to prevent a simultaneous execution or a
gueue. When a cyclic interrupt OB is created, the cyclic time of 100 and the phase offset of O are
entered as the start value.
Procedure
To enter a time interval (cyclic time) and a phase offset for a cyclic interrupt OB, please proceed
as follows:
¢ in the Project tree, open the folder "Program blocks".
e right-click on an existing cyclic interrupt OB.
¢ in the context menu select the command "Properties”.
¢ the dialog "<Name of the cyclic interrupt OB>" is opened.
e inthe area tree, click on the group "Cyclic interrupt".
e the input fields for the time interval (cyclic time) and the phase offset are displayed.
e enter the time interval and the phase offset.
¢ confirm the entries with "OK".
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3.14. Task Description: Fault Evaluation on the Analog Channel

Analog module

Simulator

“\\ll////

2 11.759

0 %
0 -
\
AlO

Weight: 0 to 500kg

Task Description

You are to provoke a channel fault on analog channel 0 of the Al4/AO2 module and then evaluate
it. For this, the measuring range of the analog input is first to be set to + 5V and then you are to

set an input voltage which is too high on the simulator potentiometer.

You are to investigate the fault condition which occurs using the STEP7 online functions.
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3.14.1. Exercise 1: Parameterizing the Analog Module SM 1234
~ [ FLC_1 [CPU 12740 DODODC]
N oevce confguraton
W Online & diagnostics it
~ |5 Program blocks
(U:E,I-Jmperties ||"_i'.|nfu y||ﬂ Diagnostics

J General || 10 tags || System constants || Texts |
b General 1
- AIAIAQ 2 > Channel0

* Analoginputs
(o held

Channell

Channel2

Channel3

b Analog outputs

M0 addresses
Hardware identifier

T T

B Y T o T N I

Channel address

Measurement type

voltage range:

Smoothing

-

T L TR S LY

- [

. | Woltage
| oltag

[-]

[+-10v

[~]

: | wieak (4 cycles)

[~]

[¥) Enable overflow diagnostics

[ Enable underiow diagnostics

P T, e A S it PP e £l

Task

Parameterize the analog module SM 1234.

What to Do

3-24

Make the settings for the analog module as shown in the picture.
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3.14.2. Exercise 2: Hardware Diagnostics for Diagnostic Interrupt
4
o
Devices |; Topology view "hﬂh Metwork view ‘m'f Device view |_
EY5 = 2 e [rco EIEIEPELE =
HEE 108 102 101 4 5 6 7 8 E
¥ ] My_Project 1]
B Add new device e
oy Devices & netwarks semenz
~ (1§ FLC_1[CPU 1274€ DE/DEDE] 3 =
[h’ Device configuration m'q' Go offline 1
ﬂ Cnline & diaghostics X . :
»ige block e — P — ... -
, g Tzi::rog::bjsem o g Assgn device name
4 External source files Receive alsrms
v [ FLCtags @ Update and display forced operand]
3 Eﬂ FLC data types o . . .
b [G Wotch and force tables Crosareference information  Shift+ Next page
[ onli Properti Alt+Ent >
: g::;l;:: backups 7 lIl g roperties . . +Enter ,_qu%—m i &
v [, Device prosy data —-I’ Export madule labeling strips... & Properties ”‘_i.'.lnfn ”ﬂ Diagnostics |
%i nglr_aminfo J Device information " Connection information " Alarm display |
S
- i L:a;:jdu‘es o 1 devices with problems
Tl FLC_1 [CPU 1214C DCIDC r1 W/ onlin.. Ty Oper.. Dewicelmodule Connection establi. Message Detsils
h AQ_1><1 SBIT 1 [ Error [ RUN FLC_1 Direct Etror For more detailed information, refer to device diagnostics.
[l 4413 bits A2 14 bi.. [
[l Di8iDGE x 24vDC_1
s g don s  a s o Y
Task
After you have assigned parameters to your analog module in the previous exercise and have
activated the diagnostics interrupt, you are now to initiate a diagnostic interrupt by knowingly
setting the voltage too high.
After the CPU signals an ERROR because the voltage is too high at the input of the analog
module, you are to localize the "error" that occurred by using a simple online connection and, in
the next step, read out detailed information from the CPU (see picture).
What to Do

1. On the simulator, set a voltage which is either too low or too high

(voltage < -11.759V or voltage > +11.759V)
2. Establish an online connection to the CPU

My_Project 2 select Station - Go online
3. Open the list of Local modules

My_Project 2 PLC_1 - Local modules

4. Open the faulty analog module
Double-click on the module

5. In the Inspector window, display the "Diagnostics” tab and click the link in "Details". > The

diagnostics buffer of the CPU opens.

-

TIA-MICRO?2 - Analog Value Processing
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The Diagnostic Interrupt OB 82 can be programmed to give you detailed information
about the error event. (evaluation of the OB 82 start information).
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w Diagnostics
General
Diagrostic status

Channel diagnostics

s EmEr |

e T AT L

Channel diagnostics

Channel no.  Error

0 i High limit exceeded

[<] n |E

Help on selected disghostics row

Description: The measured value exceeds a measuring range or a high |~
limit.Solution: Check the interaction between the module and the
encoder or actuator.

e i i I T Tl e e oY e N
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3.14.3.

Exercise 3: Evaluating the Diagnostics Buffer of the CPU

Diagnostics buffer

Event class with !
indication whether

Events

[¥) Display CPU Time Stamps in PG/PC local time

Mo, Date and time Ewvent

1 UTZ0N212:23:05.641 .. High limit exceeded
NTZ01212:23:04.646 .. High limit exceeded
SFI201212:10:09.329 . High limit exceeded

coming or done event

.
S a
W EE

s - 3
w2012 12:10:00.509 .. Follow-on operating mode change - CPU changes from STARTUP to RUM mode\~E'o
NWFAZ0212:10:00405 ... Communication initisted request WARM RESTART - CPU changes from STOF to... (i ]

17I201212:09:58.805 ... Mew startup information - Current CPU operating mode:
V720012 12:09:58.705 ...  Mew startup information - Current CPU operating mode:

STOP L]
STOP L]
STOF i

4
5
6 1/7201212:10:00405 ...  New startup information - Current CPU operating mode;
7
a
<

Freeze display

Details on event:

Details an event: __DL-----.-.____
4! L.

Error details

Ewent ID: | 16#% 06:07C0

Error: High limit exceeded on 10 D
PLC_1 1 Al % 13 bits / AQZ x 14 bits_1. .

--'

Descp'p‘tﬁn-:
A

~
.

Evaluate the information highlighted in the picture.
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3.15.

Task Description: Converting the Analog Value and Outputting It
on the Touchpanel

oti

SIEMENS

ov 1. Set the “part weight” |
on the potentiometer

10V %10V —
bot AN

SIMATIC 57-1200 I

AN WEEEER
[ e R R

CPU 1214C
DC/DC/DC

. 2. Convert the analog
i s value into weight values

3. Display the set part
weight on the touchpanel

Task Description

3-28

An analog value processing is to be programmed in a cyclic interrupt (OB235). The converted
analog value (part weight: 0 to 500kg) is stored in memory word MW36 ("MW _Weight") and is
then to be displayed on the touchpanel.

Furthermore, the part weight is to be checked for validity and the result is to be assigned to bit
memory M35.0 ("M_Weight_OK"):

e 100kg < MW36 <400kg -> M35.0 ("M_Weight_OK") = TRUE
e otherwise - M35.0 ("M_Weight_OK") = FALSE

The bit memory is already linked to the 1/O field "Act. Weight" on the touchpanel and influences
its background color.

If bit memory M35.0 delivers the value FALSE, the bay indicator lights on the conveyor must
remain dark and no new transport sequence can be started. The lock outs in FC14 and FC16
necessary for this must be programmed by you.

TIA-MICRO?2 - Analog Value Processing
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3.15.1.

Exercise 4: Inserting "OB_Cyclic interrupt" (OB235)

Devices

Project tree m 4

CiQQ

Mame
> 7 My_Project
W" Add new dewvice
ﬁg‘h Devices & networks
= p_m PLC_1 [CPU 1214C DGDCDC]
I]T Device configuration
% Online & diagnostics

~ |l Program blocks

2xL ‘;Add news block

48 OB_Cycle [0B1]
3B FC_ConvMator [FC16]
4B FC_Count [FC18]
& FC_Fault [FC17]
48 FC_Indicate [FC14]
48 FC_Mode [FC15]
b o System blocks
] r\_* Technology objects
4 External source files
» [ PLCtags

Add new block [X
| abeem === -n
| OB_Cyclic interrupt '} ‘
>
-.-.-_-_-_.__-' ‘__---...~
- -~ .
]
% B = Frooram oycie I
+ & Startup ]
) Mumber: ANEES 4
OB . "ﬂmﬁ de oy wntarWpL 4 -~ = P
Organization ;“- Cyclic interrupt ; @.rrﬂnuah -
block £
-~ L »¢  WhHgrdware interugt = * O hugrstien o o _
ey ) 4 Time error interrupt P ~
4 Diagnostic error interrupt SElEEme (ms).‘.ZSU “
-
% & Full or plug of modules Description: S rrramm="

Function block

I

2 Rack ar station failure
& Time of day

& Status

4k Update

& Profile

A "Cyelic interrupt” OB allows you to start
programs at periodic intervals,
independently of cyclic program execution.
The intersals can be defined in this dialog or
inthe properties of the OB.

r\ll
b g PLC data types ” .

Function
&,
Data block
hiore...
> |Additiona| information
[ Add new and open 1xL ! Ok | | Cancel

Task

Insert the Cyclic interrupt OB 235 into your user program.

What to Do

1. Open the "Add new block" dialog
My_Project 2 PLC_1 - Program blocks - Double-click on "Add new block"

o gk~ w N

Click on OK.

TIA-MICRO?2 - Analog Value Processing
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Select the OB type "Cyclic interrupt”.

Assign the manual block number 235.

Set a cyclic time of 250ms.

Assign the block name "OB_Cyclic interrupt".
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3.15.2. Exercise 5: Programming Analog Value Processing and Lock Outs (FC14,
FC16)

hd Network 1:

Cormment

SCALE_X
Int to Real Real to Int

EMC EMC
i} QUT — #HELP_REAL i} ThAWIE
BIWDE #HELF_REAL auT " b _ieight”
"I _weight” 500
27648

Network 2:

Comment

IN_RAMNGE %350
Int "M_wWeight_oK"

i 1}
L )

o0

LAWEE
"M _iireight”
400

Task
In OB235, program the analog value processing represented in the picture and then the lock outs
dependent on the part weight in FC14 and FC16.
What to Do
1. Activate the instructions NORM_X and SCALE_X and assign the parameters as shown in the
picture.
% #HELP_REAL is a local, temporary tag variable of the type REAL
@ PLC tags are already created for the tag variables ""IW_Weight' and ""MW_Weight".
2. Program the comparison to find out whether the weight is within the limits 100 to 400 kg. For
this, use the instruction "IN_Range" and assign the RLO to bit memory M35.0.
3. Insert bit memory M35.0 ("M_Weight OK") as a lock out in the correct locations in
"FC_Indicate" and "FC_ConvMotor".
3-30 TIA-MICRO?2 - Analog Value Processing
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3.15.3. Exercise 6: Downloading Blocks into the CPU and Testing the Display on

the Touchpanel

Mame
> ] My_Project
Ei Add new device
oy Devices & netwarks
~ [ PLC_1 [CPU 1274C DGDGDC]
[IY Device configuration
@] online & diagnostics 4,\
~ | Prograrm blocks pownload
EF Add new block Into CPU
48 OB_Cycle [0B1]
3 OB_Cyclicinterrupt [0B235]

°

For invalid / valid weight, the bay
indicator lights are off / on and
the conveyor cannot / can be
started

Task
Check the functions you previously programmed.

What to Do
1. Download all modified blocks into the CPU.

Right-click on PLC_1 -2 Download to device = Software

2. On the touchpanel, check whether the weight value is displayed correctly and whether the

background color changes when there is an invalid weight.

Switch the operation on and enter a setpoint quantity.

4. Set an invalid weight and check whether the bay indicator lights on the conveyor model

remain dark and whether the conveyor mator can no longer be started.

TIA-MICRO?2 - Analog Value Processing
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3.16. Additional Information
Note

The following pages contain either further information or are for reference to complete a topic.
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3.17.

Additional Exercise: Return of Reject Parts

oV

O

-10V —+10V
Potentiometer to set (simulate) the weight:

O0to10v ==  0to 500kg

E

Good part when weight OK (M35.0 ='1")
100kg <= Weight <= 400kg

Removal point

Reject parts  Good parts

J

) )
] [ [

Return of reject parts:

when M35.0 ='0' return part to Bay 3 ("B_Bay3"

,18.7)

Function Up Until Now

Parts are transported from Bay 1 or 2 through the light barrier. A transport sequence is started as
soon as a part is placed on the conveyor at Bay 1 or 2 and the associated bay pushbutton is
pressed. The transport sequence ends as soon as the part has passed through the light barrier.

The acquisition of the weight (to be set on the potentiometer) of the transported parts is already
programmed in "OB_Cyclic interrupt" (OB235). If the part weight is outside of the allowable range
of 100 to 400kg, the bit memory "M__

Task

Parts whose weights lie outside of the allowable range are to be returned to Bay 3 ("B_Bay3",

Weight_OK" (M35.0) is assigned the status '0'".

| 8.7). As well, these parts are not to be counted.

What to Do

1. Expand the block "FC_ConvMotor" (FC16) to include the described return function.

2. Expand the block "FC_Count" (FC18) in such a way that the reject parts are not counted.

3. Save your project and download all blocks into the CPU.

TIA-MICRO?2 - Analog Value Processing
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8. Technology Objects
8.1. Objectives

At the end of the chapter the participant will ...

know the difference between PWM and PTO outputs.

be familiar with the structure of a simple closed-loop control.

be familiar with the procedure for creating a PID controller.

be able to commission a PID controller with automatic optimization.
understand the principle of controlling a stepper motor.

be able to commission a stepper motor for positioning a turntable.

Objectives

In this chapter, the technology objects "PID (Control)" and "Axis" are dealt with. The necessary,
theoretical basics and the procedure for configuring are presented.

TIA-MICRO2 - Technology Objects
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8.2.

Task Description: Commissioning a PID Controller and
Controlling a Stepper Motor

%
p1 RL C KT' S
—
R2 T R3
| N\ D2

=

PID closed-loop control

Stepper motor

-

Task Description

8-4

In the first step, a PID controller is to be commissioned. It is to control the voltage at Capacitor C
to a constant voltage of 10V, even when a fault, in the form of a load resistance R3 is switched in
via the switch S.

The manipulated variable (PWM output) is thereby controlled by the "PID_Compact" controller
block, by evaluating the fed back capacitor voltage at the analog input of the CPU.

After the control loop has been commissioned with the technology object PID, the stepper motor
of the training device is then to be commissioned. For this, the technology object "Positioning
Axis" is to be used, which is to be configured by you. On the hardware side, the so-called "PTO"
output of the CPU is used for this as well as a Boolean output for the direction setting.

There are Motion Control instructions for the programming of the axis control.

Your task is to commission a prefabricated function block and to monitor the movement
sequences on an online screen.

TIA-MICRO2 - Technology Objects
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Introduction to Pulse Generators

ﬁ"— — '-=i~,-'_‘.

CPUs Signal board
— _

G

100kHz 20kHz / 200kHz
/ Description Default output assignment
Pulse Direction
PTO 1 Integrated in CPU Q0.0 Q0.1
. Signal board Q4.0 Q4.1
E&ZZ gs:e‘:";ttgé PWM 1 Integrated in CPU Q0.0 -
Signal board Q4.0 --
PTO 2 Integrated in CPU Q0.2 Q0.3
Signal board Q4.2 Q4.3
PWM 2 Integrated in CPU Q0.2 --
Signal board Q4.2 --

Pulse Generators

All CPU types of the SIMATIC S7-1200 series are equipped with two pulse generators. These
can be used independent of each other either for Pulse Width Modulation (PWM) or pulse train
(Pulse-Train-Output — PTO).

The two pulse generators are assigned specific digital outputs by default (see table above) and
are activated in the device configuration of the respective CPU. Integrated CPU outputs or the
outputs of an optional signal board can be used. If the addresses of the outputs were changed,
the addresses correspond to the newly assigned ones.

Regardless, PTO1/PWML1 always uses the first two digital outputs of the configured addresses
and PTO2/PWMZ2 uses the next two digital outputs, either on the CPU or the inserted signal
board. When an output is not required for a pulse function, it is available for other purposes.

The maximum pulse frequency of the pulse generators is 100 kHz for the digital outputs of the
CPU and 20 kHz or 200 kHz for the digital outputs of the signal board.

c STEP7 gives no warning when an axis is configured with a maximum speed or frequency
that exceeds this hardware limitation. This can lead to problems in the application. You
must always make sure that the maximum pulse frequency of the hardware is not

exceeded.
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8.3.1.

Pulse Width Modulation (PWM)

Duty cycle
varies, e.g. 55%

Duty cycle
varies, e.g. 40%

A

) 4

L 4
A
A
) 4

Frequency
=constant | | | |

Pulse Width Modulation

With the Pulse Width Modulation (PWM), the cycle time, that is, the time from one positive edge
to the next, remains constant. The duty cycle (pulse width), however, represents the variable size
of the modulation.

The duty cycle can be specified as hundredth of the cycle time (0 — 100), as thousandth (0 —
1000), as ten thousandth (0 — 10000) or as S7 analog format. The pulse duration can lie between
0 (no pulse, always off) and full scale (continuous pulse, always on).

Since the duty cycle can lie between 0 and full scale with the PWM, it provides a digital output
that in many ways is the same as an analog output. The PWM output can, for example, serve to
control the speed of a motor from standstill to full speed or it can be used to control the position of
a valve from closed to fully open.

Controlling PWM Outputs

8-6

The "CTRL_PWM" block is used to control PWM outputs.

%DB3
"CTRL_PWM_DBE"
CTRL_PWM
. —EN BUSY — ..
PWM STATUS
.. —ENABLE ENO —

The first time the target system switches to RUN, the PWM duty cycle ratio is set to the start
value specified in the device configuration. To change the pulse duration during program runtime,
the desired values are written in the output addresses ("Start address") specified in the device
configuration, for example, with the command "MOVE".
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8.3.2.  Pulse Train Output (PTO)

Out 1

Duty cycle 50%
=constant

Frequency varies

Out 2

Direction -

e e e e ==y

| | |
- b e e e e e e - - |

Pulse Train Output

Unlike the PWM, the Pulse Train Output has a fixed duty cycle of 50% and a variable frequency.
Through this, the speed of the connected drive can be controlled.

The turning direction of the drive can be specified via the direction output.

TIA-MICRO2 - Technology Objects
Training Document V13.01.01

8-7



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIMATIC S7-1200 Advanced Course

8.3.3.  Configuring a Pulse Generator

|B., Properties ||'3.Infu y” %/ Diagnostics

J General " 10 tags ” System constants " Texts | od

»
»
»
»

» High speed counters (HSC) Enable
o e
¥w Pulse generators (FTO/FM)

m ek s e e e e e s E -

-

1
General

FROFIMET interface [%1]
DIG/DY 4
Al 2

FTOPYAMT Configuration within the
CPU Properties {

> General

[¥) Enable this pulse generator
~ PTOIPMAT
Genersl - Project information
Farameter assighment -
Hardware outputs Mame: |Pulse_1
1 addresses
Hardware identifier
b PTO2IPM2
b PTOSFWIZ

b PTOAFhG

Comment:

> Parameter assignment

Cycle " Pulse options

Carnmunication load

System and clock memorny Signal ype: | PWM -

Web serser Time basze: | Milliseconds -

Userinteface languages Fulse duration format. | Hundredths -
Time of day X

5 Cycle time: | 100 ms
Frotection

Connection resources Initial pulse duration: |50 Hundredths
Owerview of addresses |

I'| > Hardware outputs

Fulse output: | %00.0 ...| 100 kHz on-board output

Configuring a Pulse Generator

8-8

To activate the pulse generator, you need to proceed as follows:
1. First of all, the respective pulse generator must be activated.
2 Another name than the default assigned name as well as a comment can be entered.

3. Set pulse options
Use as PWM or PTO output
Time base

Format for the pulse duration
Cycle time specification
Initial pulse duration

4. The hardware outputs used by the pulse generator are displayed in the field "Pulse output”
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8.4.

Introduction to the PID (Controller)

mlﬁ —
"

Measured actual value — |

/\f

Setpoint

=l

PID (Controller)

PID stands for "Proportional Integral Differential". A PID controller has a proportional component,
an integrating component and a differentiating component. For each of the three components, a
specific equation is in force:

e The equation of the proportional component results in a value that is proportional to the
control deviation

e The result of the integral equation increases with the duration of the control deviation

o The speed of the control deviation influences the differential component; the steeper the
increase or fall of the change, the greater the D-component is

The three equations are then combined and result in the output value (Output).

PID controllers are used in industry, for example, to control the temperature of welding systems
when it is important to retain a constant temperature value in spite of possible disturbances.

Put very simply, a PID controller serves to align a changing, measured actual value with a
setpoint value as quickly as possible and as exactly as possible.

This is done by readjusting the output variable whereby the overshoots and undershoots keep
getting smaller until the actual value equals the setpoint value as exactly as possible.

For this, there is a wizard in STEP7 which, in conjunction with the S7-1200, enables you to
configure the necessary settings of a controlled system quickly and easily as well as without
extensive prior knowledge.
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8.4.1. Implementation of a PID Controller in the S7-1200
Implementation in the
S7-1200
(Disturbance) Controlled
Controller Actuator . system
P ‘ .
. W € Y Actual
Setpoint | — @ —>| | —_ > O > value
‘ D Measurin RC
- Controller PWM 9 elemen
element
\ J Analog
Y—’ input
¢7
o’-',@ %DB8
/o@\\ *PID_Compact_2" ) a(\-\'a"
4)@@/ PID_Compact e °
1’@/4,@ Output : Value of man. var. to analog module
//‘}3 Output_PER -
/bo,o . =t EN Output_PWM je= Val ; " |
%n Setpoint State aueo m:ullb\(l?r' o puise
Input Errar .
- Input_PER - ENC) f—
Act. value from analog module

PID Controller in the S7-1200

Based on the example of a complete control system, the picture above shows the PID controller
implemented in the SIMATIC 1200 station in symbolic representation and the block that results
from it.

In the S7-1200, the actual controller of a PID control system is implemented. For this, the TIA
Portal provides a prefabricated block "PID_Compact" which can be inserted in the user program
and then assigned.

At the same time, a "PID" technology object is available with which the controller can be
configured in the user program and then commissioned.

The switch output for the pulse width modulation is controlled by the instruction
PID_Compact. The pulse generators integrated in the CPU are not used.

Closed-loop Control

8-10

e Blocks:

In the simplest case, a PID control system consists of a PID controller, an actuator as well as
the system to be controlled. The output signal of the controlled system is fed back via a
measuring element on the PID controller.

e Signals/Values:

In the simplest case, distinction is made in a PID control system between the setpoint value
(w), the input value (e), the correcting variable that results from it. Together with an
influencing disturbance (z), the actual value (y) results from this in the closed-loop control,
which is once again fed back to the PID controller via the measuring element.
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8.4.2.

Creating a "PID" Technology Object

¥ ] My_Project
ﬁb' Add new device
gy Devices & networks
» [ PLC_1 [CPU 1274C DGDEL.
~ [ PLC_ 2 [CPU 1211C DO/DGY..
Y Device configuration
% Online & diagnostics
» gl Pragram blocks
{ ~ 7 V[ Technology objects
ﬁb' Add new object

=5 ER el Tt B TiIES

I:S FLC tags

fﬂ PLC data types

:Q[ Watch and force tables
rj;‘ Online backups

s
5 Traces

- v v w v v w

[, Device proy data
ot Pragram info
E] Textlists
» [ Local modules
» [ HMI_1 [KTPEDD Basic cal...
» g8 comman data
» (5] Documentation settings
r rj:] Languages & resources
b (g Online access
4 5 Card ReaderflUSB memory

Add new object
Name:
FID_RC

Motion control

L4

FID

<]

> | Additional information

Name
o [ J
-

FID Coptral
__| Compact FID
2 FID_Compact

3 FID_Temp

“#F Fio_3step |

Wersion

5.0

Type: 2| [PID Compact [FB 1130] |
Nurmber: [200 =
@manual
() automatic
Description:

The technology object FID_Compact provides
1 universal PID controller with integrated
ining.
sotresponds to the instance data block of
t, | PID_Compact instruction.
Tk | data block must be transferred when
you all the PFID_Compact instruction.
FID, ‘ompactincludes all settings for one
spey ccontrol loop.
Wher ou open this technology object, you
are suported
by a sp #al editor for configuration of the
contrall

[w) Add new and open

FEEEEEETY)

1 Ok r

& Cancel

Creating a PID Controller

After a PID controller has been created under "Technology objects", the view is transferred to the
wizard. It uses the following identifiers:

@ The settings were successfully configured

&

functioning is

not hindered by this

€3 The settings are still faulty

As well, a function block for the PID controller is automatically created which contains all input

values and output values in its interface.

TIA-MICRO2 - Technology Objects
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8.4.2.1. Configuring a PID Controller (1) - Basic Settings

Basic settings Choice of Controller type, |
Input/ output parameters @ e.g. Br_|ghtness, Pressure,
. Contraller type Viscosity, etc. |
~ Process walue settings (] 7S o
Process value limits e
Process walue scaling 9 Yoltage - n
¥ Advanced settings <@ [ Irvert contral lagic
F‘rcu:e.ss f.falue MAnianng O E Activate Mode after CPU restart
Pt limits &
output value limits 9 SetMode to: | Pretuning |v|
FID Parameters @

Input ! output pararmeters

Setpoint:

[N

Output:

T =0 T a7

]
: Output :
1 output_ Pk ¥

Basic Settings
The configuration of the basic settings of the PID controller offers the following options:
Type of Controller

The preselection "Controller type" sets the desired unit for the controller.

If the checkbox "Invert the control logic" is activated (checked), it causes an increase of the
manipulated value when a decrease of the actual value occurs (for example, falling water level
through an increase of the valve position of the outlet valve or decreasing temperature through an
increase of the cooling capacity).

Setting the Input / Output Parameters

e Setpoint:
Choose whether the value at the function block or the value of the instance DB is to be used (insofar
as it exists and is only available in the Inspector window of the program editor).

) :
ICr:]r?:ése whether the input parameter "Input” or "Input_PER" is to be used.
— "Input" is used when an actual value from the user program is to be used.
— "Input_PER" is used when the actual value of an analog input is to be used.
e Output

Select the manipulated value output of the instruction "PID_Compact". The following possibilities are
available:

— Output: uses a variable of the user program as the manipulated value output. (Real
format)

— Output_PER: uses an analog output as the manipulated value output (analog output
value).

— Output_PWM: uses a digital switch output and controls it via a pulse width modulation.
(The manipulated value is formed via variable switch-on and switch-off
times.)

TIA-MICRO2 - Technology Objects
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8.4.2.2.

Configuring a PID Controller (2) - Process Value Settings

* Basic settings Q
Contraoller type
- = = l0put Loutputparamaters

salue settings:

Frocess value limits

LI 4]

]

]

1 Frocess value scaling

Pe amamemd s = = = = &T
Process value monitoring Q
FUiM lirmits

Qutput value lirmits

(<]

(]
(]

FID Pararmeters

Process value settings

Process walue limits

Process value high limit: | 15.0 ki

Process walue low limit: | 0.0 W

Process wvalue scaling

Input_FER:
Enabled

Scaled high process value:

[100.0 v

Scaled low process value:

0.0 Y

Lo

0.0

High

276460

»
Input_FER

Process Value Settings

For the configuration of the process value settings, the following options are available:

High Limit and Low Limit

They define the absolute upper and lower limit of the process value. During operation, as soon as

these limits are exceeded or fall below, the controller switches off and the value of the

manipulated variable is set to 0%.

Scaling

Through scaling, the process values (actual values) are defined by a lower and an upper value

pair. Each value pair consists of the value of the analog input and the physical value of the

respective scaling point. Depending on the configuration of the basic setting, a process value of

the user program can also be used instead of the analog value of the analog input.

TIA-MICRO2 - Technology Objects
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8.4.2.3. Configuring a PID Controller (3) - Process Value Monitoring and PWM Limits

w Basic settings

Controller type () Process wvalue monitoring

Input f output parameters @

* Process value settings ()
Process walue limits ()

- = o Progessyalue scaling, _ €9

1w Advanced settings r

: *ro UE monitoring °| warning high limit: | 13.0
== i === ===

Qutput walue limits ()

FID Pararneters (] Warning low limit: |-2.0

w Basic settings

Pt lirmits

v

Controller type

Input f output parameters
* Process value settings

Process walue limits Minirmum OM tirme: | 0.0

Process walue scaling

3030

w Advanced settings

Fracess value manigating g_
-

Minirmum OFF tirme: |0.0

:- il ts :
P m sl ie iraite = = =@ |
FID Pararneters o |

Process Value Monitoring

The monitoring of the process value is preset by two limits. If, during controller runtime, the
process value exceeds the high limit or falls below the low limit, a message is output at the
Boolean output parameters "InputWarning_H" or "InputWarning_L" of the block

"PID_COMPACT".

PWM Limits

In the window "PWM limits", the minimum permitted switch ON and switch OFF times of the pulse
width modulation are set. The minimum ON and OFF times can be extended when, for example,
the number of switching cycles is to be reduced. This makes sense, for example, for the delayed
control of a tank level when you want to avoid the valve reacting to every small change in the

level.

8-14
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8.4.2.4. Configuring a PID Controller (4) - Output Value Limits
 Basic settings Q_
Contraller type & Qutput value limits
Input f output parameters @
¥ Processvalue settings ] Output value limits %
Process walue limits (/) A
Process value scaling 0
v Advanced settings o Output walue high limit:
Fracess value manitaring @
L appepp——— - 1)
: Outputvalue limits: Q "
LR LS A SRR ]
output walue low limit. | 0.0 %
»

Tl T

Reaction to error

Set output to

Substitute outputalue:

: | Currentvalue while error is pending

0.0 % Inactive

Current walue while error is

Substitute outputvalue while error iz pending

Output Value Limits

In the configuration window "Output value limits", the absolute limits of the manipulated value are
specified. Neither in manual mode nor in automatic mode can absolute manipulated value limits
be exceeded nor can they fall below. If in manual mode, a manipulated value is specified outside

of the limits, the effective value in the CPU is limited to the configured limits.

Reaction to Error

If an error occurs during processing (output parameter ERROR = TRUE), then a substitute value
can be output, the old value can be held (pending) or the output can be deactivated (inactive) at

OUTPUT.
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8.4.2.5. Configuring a PID Controller (5) - PID Parameters
* Basic settings (/]
Contraller type & FID Parameters
Input / output parameters @
F | ti
* Process value se .mg.]s & = bl e sy
Process value limits &
Frocess value scaling & Fropartional gain: | 1.0
» Advanced settings & Integral action tire: | 20.0 5
Pioicess ez usnlisilig Q Derivative action time: | 0.0 E
Pt lirniits & - -
o Derivative delay coefficient: | 0.2
- = = = Qutput valuedipnits - - - . @),
] PID Fararmeters Propottional action weighting: | 1.0
Derivative action weighting: | 1.0
Sampling tirme of FID algorithim: (1.0 5
Tuning rule
| Controller structure: | PID -

PID Parameters

The PID parameters are grayed out by default; they can, if need be, be changed. This, however,
is only recommended for users with experience in PID control.

The PID parameters are determined automatically when the automatic auto-tuning has been run

through.
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8.4.3. "PID_Compact" Call
Call in the cyclic interrupt OB
wOE200
"PID_RC"
PIIZECT::mpact &
EM EMC
0.0 |Setpoir'ut Cutput
0.0 = Input Output_FER
G 0.2
"W_Yaltage_C" —|Input_FER Output_ P — " Q_Puiihi2"
State
Errar=...
— EtrorBits
PID_Compact
The instruction PID_Compact provides a PID controller with integrated optimization for automatic
and manual mode operation.
Call

PID_Compact is called in the time base of the cycle time of the calling OB. This must be constant
to ensure that the PID controller can sample in equidistant intervals. For that reason,
PID_Compact is preferably called in a cyclic interrupt OB since the cycle time in the cyclic user
program can vary significantly because of conditional program execution, for example.

Start-up Behavior

When the CPU starts up, it starts PID_Compact in the operating mode in which it was last active.

Monitoring the Sampling Time PID_Compact

Ideally, the sampling time corresponds to the cycle time of the calling OB. The instruction
PID_Compact measures, in each case, the interval between two calls. That is the current
sampling time. Every time the operating mode changes and in the first start-up, the mean value of
the first 10 sampling times is formed. When the current sampling time deviates too greatly from
this mean value, an error occurs (Error = 0800 hex) and PID_Compact switches into the "inactive"
mode.

During tuning (optimization), the following conditions put PID_Compact in the "inactive" mode:
e New mean value >= 1.1 x old mean value

¢ New mean value <= 0.9 x old mean value

In automatic mode, the following conditions put PID_Compact in the "inactive" mode:

e New mean value >= 1.5 x old mean value

o New mean value <= 0.5 x old mean value

TIA-MICRO?2 - Technology Objects 8-17
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8.4.4. Using the Commissioning Panel

Y Device configuration
% Online & diagnostics
~ [zl Program blocks [ ]
ﬁ Add new block

/

Measurement Tuning mode
S B i el - M oooooooo -I
. — Sampling time: _ Fretunin *| b Star
W i i i eyt N | T [Feting 2=
fhy Devices & netwarks e —
By = o0 g =
» [ PLC 1 [CPU 1214C DGDGDC] Q0% Y =) EI = = &
~ (1§ PLC_2[CPU 1211C DGDEDC]
PID_RC

Fﬂﬂ (optimization) and

Select Tuning

H Start

& Cyclicinterrupt [0B200] @ N
& Main [0B1] [ ]
o FC Reveive [FC31] I L. I
@ DE_RECEIVE [DBS) | 4 . 5
b g System blocks MOﬂItOr SetpOInt,
- [3 i <, .
E Technology abject ° i T Scaled input and
B Add new object e L 15.0 20 s S5 R B
~ I Pio_Rc [DB200] @ Output
e e mm BN = [<] T —
Vi Commissioning .} = = —
r=- '- Baffinsl Soufedfiss = = = ;- < Name Detat. | Addre.. Color | Scaling group Min_4Scale Mok AdOptIng the
b L@ PLCtags 1 4 @ Serpoint Real = = 15 P
3 Eu PLC data types [*] o lag scaledinput peal B a2 15 Opt|m|zed PID
» :Eglwatl:h and force tables 3 @« ouplr Real | 0 10b parameters in the
¥ L& Online backups e - . |
b (3 Traces Tuning status Online status of controller prOJ ect
Ik
' ﬂ: :EV‘DE Dru:y data Frogress Setpoint
25 Frogram info A
= el | & Display of the
» (i@ Local modlules Inpur 9 current controller
~ [ HMI_1 [KTPE0Q Basic calar P K—E >
Y Device configuration Q. o mmmmTREa== u statuses
: . dg > PID Parameters 1 a M I d
stirs 1 i
<I I [] ! Upload FID parameters Controller state: | Enablec -| anua mo e
hd | Details view : E‘ Go to FID parameters ¥ | || Smp; pOSSIbIe

Commissioning Panel

In the configuration of the PID controller, you can carry out an automatic tuning (optimization) and

you can monitor the current measured values.

Commissioning

As soon as Measurement is switched on through a click on "Start", actual value and setpoint
value as well as manipulated value are graphically represented (see picture).

Under "Tuning mode" the auto-tuning can be started. This must first of all occur in the first start-
up. In the second step, you can then tune in the operating point. The status and the progress of

the running tuning (optimization) can be read from the bar graph.

Required for automatic fine tuning:
e PID_Compactis called in a cyclic interrupt OB

e "Manual mode" is deactivated

e The difference between current actual value and setpoint is >50%
The operation can take some minutes. During this time you cannot work with the CPU.
Subsequently, the ascertained data must be adopted in the project via "Upload PID parameters".

Through "Online status of controller" you can monitor the current actual value, the setpoint as well
as the output in % and you can specify a manual manipulated value.

Representation

8-18

Using the following buttons, you can stretch or compress the value axes, select a type of
representation for the value diagram, shift the view etc.

QO PRI TRQA THA =+ 4 Y [igE= &
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8.5. Task Description: Controlling the Capacitor Voltage

Feedback of capacitor
voltage

Analog (actual value)
input

PID controller
Setpoint=const. R2 — I

l‘/ _L= | Controlled system |

PWM output
(actuator)

Task Description
In the first step, the PLC with CPU 1211C is to be commissioned.

Then, a PID controller is to be commissioned. This is to control the voltage at Capacitor C to a
constant voltage of 10.0V, even when a fault in the form of a load resistance R3 is switched in via
the switch S.

The manipulated variable (PWM output) is controlled by the "PID_Compact" controller block, by
evaluating the fed-back capacitor voltage at analog input AlO.
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. i . . . " " .
8.5.1. Exercise 1: Creating and Configuring the "PID" Technology Object
¥ [ My_Project Add new object %
ﬁb' Add new device Name:
gy Devices & networks FID_RC
» [ PLC_1 [CPU 1274C DGDEL.
= | =
‘I.E;C—z G IZTE DEBS.. Name Wersigh Type: Le| [PID Campact [FB 1130] |
Device configuration ‘ =
FID Control
5 5 5 mEmeEr s S e S s E s s s e e w =y pymber 200 -
% Online & diagnostics !~ CompactPID V5.0 i ;l
L oo o frogramblacks L ] & PID_Compact v22 - (®) manual
- R - L R
L Te"chnology objn.acts : Motion control & FID_35tep V22 () automatic
W Add new object i & PID_Temp V1.0 o
F= = =S ERenE TR = A Description:
4 ':g PLCtags k The technology object FID_Compact provides
» Tﬂ PLC data types 1 upiversal PID controller with integrated
~ ining.
» 55l Watch and force tables . sarresponds to the instance data block of
» [& online backups t, | PID_Compact instruction,
» [ Traces Tk data block must be transferred when
rf - you all the PFID_Compact instruction.
» ii: Device proxy data FID, ‘ompactincludes all settings for one
ot Pragram info spheu c control Iohup. ol o
5 ) Wher ou open this technology object, you
5‘ ezl are suported
» Ll Local modules by a sp al editor for configuration of the
» [ HMI_T [KTPEOD Basic col... contrall §
» g8 comman data < | m >
» (5] Documentation settings
v [ Languages & resaurces > | Additional information
b (g Online access frE=s=====
— [ Add new and open 1 oK Cancel
b |5 Card ReaderilUSE memaory CooooooDo
. ____________________________________________________________________________________________|

Task
In PLC_2 (CPU 1211C), create a new technology object of the type "PID" and give it the name
"PID_RC".
What to Do
1. Start the Technology objects wizard and create a new PID controller.
PLC_2 ->Technology objects - Double-click on "Add new object" 2 PID 2 PID_Compact
— Name: PID_RC
— Number: 200
2. Implement the settings shown in the following:
Basic settings
Contraller type
|\-"ultage |v| |\-" |v|
[ Invert contral lagic
@ Activate Mode after CPU restart
Set Mode to: | Pretuning |v|
Input ! output parameters
Setpoint:
[ ~] |
Input: Qutput:
| Input_PER [analog) |v| [ :' | Cutput_Ph |'|
[N — —1#~]| |
Continued on the next page 2>
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Process value settings é
Process value limits _

Process value scaling

bled

h
10.0 ki
0.0 b

0.0 27648,
Automatic setting
d
Frocess value monitoring -\ )

3. PWM limits, Out Qalue limits, Reaction to error, and PID Parameters remain unchanged.

4. Save yo{
A®)
0
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8.5.2.  Exercise 2: Calling the "PID_Compact" Block in the Cyclic Interrupt
"Cyclic Interrupt” (OB200)
My_Project » PLC_2 [CPU 1211C DGDGDC] » Program blocks » Cyclic interrupt [OB200]
}mhﬁ s i EREOD8r@rHi O¢aAET - LT B
| AT
P Block title:
EEEEEEET . Assign previously
v %DE200 created technology object
' “PD_RC" ¥
-PI-D-_E-o-rr:p-ac-:t- ﬁ| !ﬂi.
EN ENO
10.0 — Setpoint Output |
u.u Input Cutput_PER|
LWE4 WQ0.2
"W_voltage_C" — Input_FER Output_Fuih = "Q_Fumz"
State |
Error ...
- ErrorBits |
Task
Create "Cyclic Interrupt" (OB200), call the block PID_Compact and assign the previously created
technology object "PID_RC" (DB200) to it.
What to Do
1. Create the cyclic interrupt OB "Cyclic Interrupt" (OB200). Cycle time 250ms.
r§:’ In order to be able to react faster to disturbances, the sampling time of the closed-loop
s control (cycle time of the cyclic interrupt) can be reduced, for example, to 100ms or less.
So that it is easier to monitor the control process, a relatively high value of 250ms is set
for the exercise.
2. In OB200, call the block "PID_Compact" from the Instructions catalog.
Instructions Task Card - Technology = PID Control = Compact PID - PID_Compact
3. Inthe "Call options" dialog which opens, select "PID_RC":
Call'options
Data block
Marme
Single Hurmber " FID_Cornpact_1
matanee ALtomatic:
[s]'4 Cancel
4. Assign the block as shown in the picture.
- EW_Spg_RC (IW64) is the analog input 0 (0-10V) on the CPU.
- PWM_QO02 (Q0.2) is the digital output for the PWM.
— The setpoint is assigned constantly with 10.0 (V).
5. Save your project and transfer the complete user program into the CPU.
TIA-MICRO2 - Technology Objects
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8.5.3.  Exercise 3: Commissioning the PID Controller

Measurement Tuning mode
Sampling time: 03 s _" . Stop I [Pretun'rng [v! = Start |
E -? P - — — =
CO0¥ URIIR TQRQ T 3 =
PID_RC
4.0 ] Setpaint | |
12.04 M Scaledinput
o ~— [l Output
- v
T T _I = T % T - i
<] N i >
4 Name Datat, Addre.. Color  Secaling group Min. ¥ scale Max. ¥ scale Unit Comment
| @ €= Setpoint Real [+] [~]o 15
2 g g Scaledinput Real - 1] 15
3 @ @ Output Real [ | 0 100
} =~ F———
Task

Carry out a first commissioning of the PID controller and save the determined PID parameters in
your project.
What to Do

1. Open the Commissioning panel
PLC_2 - Technology objects -2 PID_RC -2 Commissioning

2. Start the measurement

Measurement
~ooooc.ag

sarnpling tirne: [ERNN = v

3. Select the Tuning mode "Pretuning” and click on Start

Tuning mode

SEEEEssssmEEn

|F'retur'|ir'|g |v

4. Monitor the progress of the tuning

Tuning status

Fragress: 10100000
Status: |Pretuning in progress. | 0
TIA-MICRO?2 - Technology Objects 8-23

Training Document V13.01.01



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIMATIC S7-1200 Advanced Course

5. After the system is tuned, click on "Upload PID parameters", in order to save the determined

PID parameters in your project.

Tuning status
Frogress:

: Status: | Systern tuned.

.
NN NN NN NN R R RN NRRENNNANNREENNAAAREEEEAAAAREEAEAEEEEEEEE

PID Parameters

Yl ! Upload FID parameters :
P P s

Go to FID parameters

6. Monitor the measured value trends of actual value (green) and manipulated value (red) and

switch in the disturbance and after approximately 5 seconds, switch it off again.

Result: After switching on the disturbance, the manipulated value immediately shoots up to
compensate for the dropping of the voltage at the capacitor. While the disturbance is pending,
the manipulated value remains at a high level (approximately 85%).

When the disturbance is switched off, an overshoot of the actual value develops, whereupon

the manipulated value immediately drops.

enm, RN
Of ~ 3 .
* < 2 .
5 % PID_RG® .
! i . D O —
5 @ . D ° f
. ~ . » % [ setpoint |l
LHbs . S . M Scaledinput
110 n Qutput
o [N . : : W ourp
10.0 — w -
. . . .
and = u = - =
o u = = = 3
. .
80 . H H .
- - - L] -
7.0 L n - -
.
&0 . H kY g
: . . . . —
H . < . S . . . =
i i ¥ i g -
2 5.0 S 10.0 b 150 o 200
. Q 1 ® Q
% g ’0_ 2
[«] Yo Lo* in *aass® B
e
suw, suN,
[ TR = . = ry
<#z | MNarne Data type Address Color  Scaling group:Min.\'scafi :Max.\"sca’{e Unit Carnrnent
- .
L@ sepem el - s s it
2 |<m Scaledinput Real 2|8 = 513 u
. Y o
3 4@ < Output Real ] v 10 UL ~
L e - ¥ - Ld
Yans? Yans’

7. Check the adoption of the PID parameters in the configuration of the technology object

"PID_RC"

PLC_2 - Technology objects - PID_RC - Configuration - PID Parameters

PID Farameters

@ 2[4 Enable manual entry

Froportional gain:

Integral action titne
Derivative action tirne
Derivative delay coefficient:
Froportional action weighting
Derivative action weighting

Sampling time of PID algarithim

Tuning rule

Controller structur

8. Save your project.
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8.6. Introduction to the "Axis" Technology Object (Controlling the
Stepper Motor)

CPU with activated .
PTO pulse output

(Stepper) Motor

Control unit

Channel 2: Direction

NN —

i I I e _—
Channel 1: Pulses

"Axis" Technology Object

The "Axis" technology object represents an axis in the controller and is suitable for controlling
stepper motors and servo motors with pulse interface. The "Axis" technology object is controlled
via Motion Control instructions.

Suitable are all drives or control units which support a control via a pulse/direction interface.

Typical areas of use are adjustable axes and operating axes as well as feed axes and transport
axes. These are used, for example, in the steel, automobile and food and beverage industry and
are used, among others, in packaging machines.
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8.6.1.  Principle of Axis Control

> A

User prograrm Technological abject- FTC (Fulse Train Crive
axis OutpLt)
\
\
\
Controlled drive
\ Device configuration of the
PTO output of the CPU

User program with PLCopen
Motion Blocks and "Axis"
Technology object

Principle of Axis Control

Within the S7-1200 there is a model grouped into four sections for the control of axes in which
you are supported by wizards and diagnostic screens for the commissioning and diagnoses of
axes.

e Drive

User Program
The user program utilizes standardized Motion Control instructions for the control of the "Axis"
technology object and thus the axis or the drive.

Technology Object "Axis"

The "Axis" technology object represents an axis in the controller. Through dialog boxes
(wizard), the parameters of the axis can very easily be specified. In the proper sense, the
technology object is a data block with an exactly defined structure in which the parameters
input by the user are entered. The specification of the DB is then required for the
programming in the user program for the Motion Control instructions.

PTO (Output)

The PTO (output) is activated in the CPU device configuration and then assigned to the
technology object "Axis". The output is subsequently controlled by the instructions in the user
program.

Suitable are all drives or control units which support a control via a pulse/direction interface.
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8.6.2.

Configuring a PTO Output (1)

Project tree

Devices

[ Networkca (1% Device vi

)

¥ 7 Wy _Project
B Add new device
ﬁﬁh Devices & networks
» _u PLC_1 [CPU 1274C DCDCDC]

ﬂ‘f Device configuration

~ g Program blocks
B Add new block
2 Cyclicinterrupt [OB200]
2 Main [0B1]
48 FC_Reveive [FC31]
@ DE_RECEIVE [DES)
b g Systern blocks
= [ Technology objects
i Add new object
= L] FID_RC [DB200]
& Configuration
I commissioning

External source files

':a FLC tags
Cﬂ PLC data types

<] il |

- v v

- ﬂ'cm|m€&'ﬂfﬁg‘uﬁﬂb§ - wmom

i+ [FLc_2

[ & & (g :@l/—

|5'? Topology view

PTO outputs are

configured in the

fock o 1980 R TN ! Properties of the
- respective CPU
V. -
[ <[ ] [>][100% -] —§— =
|§Properties || Info _J"J Diagnostics |
J General || 10 tags || System constants || Texts |

General

»

]

» DIGIDO4
b oAlLZ

D

w FTOTIFWh1

General

Bl

FROFIMET interface [x1]

ngh speed counters (HSC)
- Pulse generators (PTO.I’PWM) 1

[l

FTOTPIT

> General

Enable

-
]
]
]
E Enable this pulse generatar :
[]

Configuring a PTO (Output)

PTOs are activated via the Device configuration of the respective CPU. In the Properties window
"Pulse generators", the respective pulse generator must first of all be activated.
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8.6.3.  Configuring a PTO Output (2)
General 10 tags System constants Texts =~
] " o | s " | - No further parameters,
> Geners| 2 since always controlled .
> FREAINE fing=iies (P01 »  Parameter assignment o ]
b DI6IDG4 d via "Axis
b A2 Pulse options V = N
» High speed counters (HSC) y w>
w Pulse generators (PTOIPIM) Signal type: | PTO (pulse A and dir_ectign B)_ -

w FTOT/FMiM 1
General
Parameter assign...
Hardware autputs
Hardware identifier
b PTO2IPW 2 1
b FTOSIPWMS
¥ FTOASFS
Startup
Cycle

b

used for pulses and

speed counter

LORTIQUFATION CORTrol
3 | |
ConmneCtinn FesnLFCe S

i 215

I

direction and the high-

o0
S0

»  Hardware outputs

ms

Hundredths

Fulse output: (%000

Display of the outputs

[ Enable direction autput

| Directioh output: | %00.1

100 kHz on-board output

100 kHz on-board autput

Configuring a PTO Output

In the second step, the type of pulse generator must be selected. You can choose between
"PTO" and "PWM".

To control an axis, you have to choose "PTO". Since PTO outputs are always controlled via the
"Axis" technology object, no further settings can be made in the Device configuration.

There are 4 Possibilities for Controlling:

e PTO (pulse A and direction B)
A pulse output and a direction output are used to control the stepper motor.

e PTO (count up A, count down B)
One pulse output each for movement in positive direction and negative direction are used to
control the stepper motor.

e PTO (A/B phase-shifted)
Both pulse outputs for Phase A and for Phase B use the same frequency.
On the drive side, the interval of the pulse outputs is evaluated as a step.
The phase shifting between Phase A and Phase B determines the direction of movement.

e PTO (A/B phase-shifted four-fold)
Both pulse outputs for Phase A and for Phase B use the same frequency.
On the drive side, all rising and all falling edges of Phase A and Phase B are evaluated as a step.
The phase shifting between Phase A and Phase B determines the direction of movement.
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8.7.

Creating a "Positioning Axis" Technology Object

Project tree

Devices

HOQ

¥ ] My_Project
ﬁ Add new device
EE,, Devices & netwarks

= [ PLC_2 [CPU 1271C DGDGDC]
Y Device configurstion
% Online &diagnostics
=4 r:i:. Frograrm blocks
ﬁ Add new block
3 Cyclicinterrupt [0B200]
4 Main [OB1]
48 FC_Reveive [FC31]
@ DE_RECEIVE [DBS]
T T
= p_# Technology objects
ﬁ Add new object
= =% 1T FipTeC (De200]
External source files

I:S FLC tags
[ PLC data types
':a[ Whatch and force tables

v v v wvow

rj;, Online backups
<] I ]

[ 4 | Add new object
Mame:
|Turntab|e |
[
(| Mame Wersion
: # w [7] Motian Contral
i =[] 571200 Mation Cont... ¥S.0
1
» [l PLC_1 [CPU 1274C DO/DGDC] 1 ) e T T e e nmm g,
§ Mation contral b 3 TO_FositioningAxis W50 8

]

FID

S e

& TO_CommandTa.. ¥5.0

[<] il [2]

> |Additinna| information

Type: % |To_Positioningasis

-
@ manual
O automatic
Desctiption:

The "Positioning axis" technology object
("TO_PaositioningAxis") rmaps a physical drive
‘nthe controller. It makes available the
inctions for controlling stepper motars and
a0 mmotors with pulse interface. You
ram the drive moverment with PLCopen
t. an control function blocks.

]

[w] Add new and open

Ok 1 | Cancel

Creating a "Positioning Axis" Technology Object

Just as with PID (controller), the "Add new object" dialog box (wizard) in the "Technology objects"
folder is called for the creation.

First of all "Motion" is selected and then the object "TO_PositioningAxis".

With a click on "OK", the configuration wizard of the axis is started.
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8.7.1.  Properties of "Axis": Configuration

J.'E'.,_ Turntable [DE40]
@ Configuration
I commissioning
) Diagnostics

Configuration:
Specify signals, limits, limit
switches, reference point

J.'ﬁ Turntable [DE40]
& Configuration
I commissioning
) Diagnostics

Commissioning:
Control axis in manual mode

J.'E'.,_ Turntable [DE40]
& Configuration
b Commissioning
4] Diagnostics

Diagnostics:
Display current position of
axis, evaluate signals

Properties of "Axis"

After the "Axis" technology object has been created, there are three selection possibilities
available for handling:

e Configuration
— Selection of the PTO (output) to be used and configuration of the drive interface
— Properties of the mechanics and gear ratio of the drive (or the machine or plant)

— Properties for position monitoring, for dynamic parameters and for referencing (homing)

The configuration is stored in the data block of the technology object

e Commissioning

With the "Commissioning" tool, the functioning of the axis is tested without having to have
created a user program. When you start this tool, the Control panel opens. The following
commands are available in the Control panel:

Enable and Disable the axis
Traversing the axis in Jog mode

Absolute and relative positioning of the axis

Referencing (homing) the axis
Acknowledgement of errors

e Diagnostics

With the "Diagnostics” tool you check the current Status and Error information of axis and
drive.

In the following, the configuration of the axis is presented.

8-30
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8.7.1.1.

Configuring an "Axis" (1)

-
w Basic parameters

-y
e s

" Drive
w Extended parameters
Mechanics
Position limits
- Dyhamics
General
Emergency stop
= Homing

Active

333033300

Fassive

+

Drive connection

General

Technology object - Axis

Axis narme: |Turntab|e

User program

Drive -

> )

Technaology object - FTO (Fulse Train Output)

Axis

‘@ FT (Fulse Train Qutput)

O Analog drive connection

() PROFIdrive
Unit of measurement Fe-ssssssssssssssmsmmm=nng
Fasition unit: ¥ rmm |
n n
A o ]
i :
"
Select unit of measurement H
: pulses
K\ - ' '

Drrive

Basic Parameters / General

The properties of "Axis" are divided into Basic and Extended parameters.

In the basic parameters, under General, the drive connection and the unit of measurement that is

used are set.
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Configuring an "Axis" (2)

8.7.1.2.
w Basic parameters (/]
]
g
¥ Extended parameters | @

Drive
Drive
I
Fower
FLC .
FTO signal : : :: l
Enable
Ready
Hardware interface

fee=sssssss===== EAEsEEsssEEEsssEEssEEE.
» Select pulse generatar: | Fulse_1 -

Select pulse g

lnmsmmgpa e
Signal type: | PTO {pulse A and direction B) -
enerator | Fulse output: | Turntable_Pulse |§J [%00.0 [+] 100 kHz on-board output

»

[ Activate direction output

Direction output: |Turntab|e_Directi0n

Enable and feedback of the drive

ENERTE

Select enable output:

Select ready input:

1
n
1
1
| Turntable_DriveEnable |§||%QDS |:
.
1
1

|V| 100 kHz on-board output

Drive

Drive enable

Drive ready

; Dewvice configuration

Basic Parameters - Drive

In the Basic parameters - Drive, the hardware interface of "Axis" as well as the output for the
‘drive enable’ and the input for the feedback "Drive ready" of the drive is specified.

Enable and Feedback of the Drive

The ‘Drive enable’ is controlled by the Motion Control instruction "MC_Power" and it issues the
drive the ‘Power Enable’. The signal for the drive is provided via the output which has to be

configured.

If the drive is ready to execute movements after it receives the ‘Drive enable’, it signals "Drive
ready" to the CPU. The signal "Drive ready" is reported back to the CPU via the input which has
to be configured.

-

@—’-’ If the drive doesn’t have any such interfaces, the parameters do not have to be

configured. In this case, select the "TRUE" value for the Ready input.
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8.7.1.3.  Configuring an "Axis" (3)

w Basic pararmeters o
General & Mechanics
Drive Q
w Extended parameters (]
st s @ -};;;;;;;};;;;;l,;;;;;;;;;;;;;;;;;;'
* Dynamics ()
General ()
Emergency stop Q
. s EEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEE ===y
~* Homin . .
_g o 1 Pulses per motor revolution: |1GDD | :
Active o . ; =
Fassive @ 1 Lo e P ot el LS e
Permitted direction of rotation: | Both directions -
[ Irvert direction signal
Mechanics

e Pulses per motor revolution
In this field you specify how many pulses the motor requires for one revolution.
e Distance (Load movement) per motor revolution

In this field you specify what distance the mechanics of the system covers per motor
revolution.

e Invert direction signal

Through the checkbox "Invert direction signal” you can adjust the direction output to the
direction logic of the drive.

Invert direction signal: deactivated Invert direction signal: activated
0 V level = negative direction 0 V level = positive direction
5V /24 V level = positive direction 5V /24 V level = negative direction
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8.7.1.4.

Configuring an "Axis" (4)
= Basic parameters (] o
General & Faositian limits
Drive L
1 . . .
¥ Extended parameters & || ! Hardware and software limit switches ,
. 2 ]
iiteteres @ 1 [] Enable Hf lirnit switches 1
Fosition limits o ' )
. L .
~ Oynsmics @ .. LTeelmiviee Ll . ;
General Q Input lowe HW lirmit switch: Input high HW lirmit switch:
Emergency stap o ElN B
Harni o Qu
v omm.g @ Select level: Select level:
Artive Q
——— o Low level I~ A Loy lewvel
- +
N EE S ESE S S S S S S S S S S S S S S S S S S ESEEEESESEESEEEEEEW
: Position of low SW limit switch: Position of high SW limit switch: :
1 — n
[ ‘-'I 0ooo0.0 mm 10000.0 mim [
1 T T T T T T T T T T T YT YT YT T Y Y Y Y Y Y Y NS S L

Hardware Limit Switches

Input low / high HW limit switch

Through the drop-down lists, you can set the digital hardware limit switches. The inputs must be
interrupt-capable. As inputs for the HW limit switches, the digital on-board CPU inputs and the
digital inputs of an inserted signal board are available.

A filter time of the digital inputs of the CPU is set to 6.4 ms by default. This can lead to
undesired delays when used as HW limit switches. In this case, the delay time must be
shortened accordingly.

The filter time can be set in the Devices configuration of the digital inputs under "Input
filters".

Software Limit Switches

8-34

The software limit switches are activated via the checkbox "Enable SW limit switches". They are
purely virtual and can be specified here as the distance travelled from the zero point.

The software limit switches are defined through the input fields "Position of low/high SW limit
switch".

—<— The value of the high software limit switch must be greater than or equal to the value of
b the low software limit switch.

c Enabled software limit switches can only be operational with a referenced axis.
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8.7.1.5.

Configuring an "Axis" (5)

~ Basic parameters
General
Drive
~ Extended parameters
Mechanics
Fosition limits
~ Dyhamics

General

Emergency stop
¥ Homing

Active

Passive

O30 I000

> General

Mote: Changes in the welocity limits affect acceleration and
deceleration; the ramp-up time and rarmp-down time stay the
sarne.

Welocity
rs

Acceleration [ deceleration
r Y

v

A J

[50 S| {50 5|

Ramp-up time: Ramp-down time:

Unit of velocity limits:
pulsesls -

Maxirnurm velocity:

25000.0 pulsesfs
70312.5 s
Start/stop welocity:

1000.0 pulsesis
28125 rrrmfs
Acceleration:

13500.0 rrrmfsE
Deceleration:

13500.0 rrnfsE

Dynamics / General

In the "Dynamics - General" configuration dialog you can specify the limits for the motion

sequences:

e Velocity

— In the field "Maximum velocity", the maximum allowable velocity of the axis is configured.

— In the field "Start/stop velocity", the minimum allowable velocity of the axis is configured.

— The value of the Maximum velocity must be greater than or equal to the value of the

Start/stop velocity.

e Acceleration

The desired acceleration values can either be specified directly via the fields "Acceleration
and "Deceleration” or indirectly via the specification of Ramp-up time or Ramp-down time.
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8.7.1.6. Configuring an "Axis" (6)

w Basic parameters
General
Drive
w Extended parameters
Mechanics
Pasition limits
- Dyhamics
General

Emerge

= Homing
Active
Fassive

(]
& » Emergency stop
L]
(/] elocity
(] A
L]
L]
]
L]
L]
(]
(] »
Deceleration
4
|'_| 2.0 H

| | Emergency stop ramp-down time:

Maxirnum velocity:
25000.0 pulsesfs
703125 mm/fs
Startfstop velocity:
1000.0 pulsesfs

28125 mimis

Emergency deceleration:

7500.0 rmfs2

Dynamics / Emergency Stop

In the "Dynamics - Emergency stop” configuration wizard dialog, the Emergency deceleration of
the axis can be set. In case of failure and when blocking the axis with the Motion-Control
instruction "MC_Power" (Input parameter StopMode = 0), the axis is brought to a standstill with
this deceleration.

8-36

The Emergency deceleration must be sufficiently large in order to bring the axis to a
standstill in good time when there is an emergency (for example, when approaching the
hardware limit switches, before reaching the mechanical stop).
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8.7.1.7.

Configuring an "Axis" (7)

w Basic parameters
General
Drive
* Extended parameters
Mechanics
Pasition limits
= Dyhamics
General
Emergency stap
= Horing

> Active

Digital input homing switch Approach/homing direction:

Input harming switch: (#) Positive direction

Turntable_HomingSwitch | 5| | %I0.0 () Negative direction

Select level: Side of homing switch:
High lewvel hd OTUP il
[ Permit auta reverse at HW limit switch @ Bott i
ottarm side

3T 000

Fassive

Approach velocity:
————————————————— 4000.0 s

————————————————————— B - - =N -------——---———----13000.0 rmrm/fs

== Approaching horming switch

== Horming axis

Horme position offset: | 0.0 rrrn

== Travel to home position

Home position: | "MC_Home".Position

Homing (Referencing)

Compared to a closed-loop control system, you don'’t have any feedback signal during traversing
from which you can derive conclusions on the current position of the axis. For that reason, it is
necessary that the axis, for example, every time the system is switched on, references a defined
point, the so-called reference point. This reference point (also reference cam) is configured as an
interrupt-capable input and marks the zero point of the axis. When the position of the reference
point switch and the reference point position (home position) is different, the appropriate
reference point offset is entered in the field "Home position offset”. The axis approaches the
reference (home) position with the referencing velocity.

In order to approach the home position exactly there is the "active homing", whose sequence is
represented in the picture above. The movement is divided into three steps:

e Seeking the referencing point (homing) switch (blue section of the graph)
When active referencing is started, the axis accelerates to the configured "Approach velocity"
and with it seeks the referencing point (homing) switch.

o Reference point travel (red section of the graph)
When it detects the referencing point (homing) switch, the axis slows down in this example,
turns around, in order to reference on the configured side of the referencing point (homing)
switch with the configured "Homing velocity".

e Traversing the home position offset (green section of the graph)
After referencing, the axis travels the distance of the home position offset with the referencing
velocity. Arriving there, the axis finds itself in the home position which was specified at the input
parameter "Position” of the Motion Control instruction "MC_Home".
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8.7.2.  Properties of "Axis": Commissioning

& Turntable [DE40]
@ Configuration
I commissioning

Configuration:

Specify signals, limits, limit
switches, reference point

% Diagnostics

J.'ﬁ Turntable [DE40] -

da Configuration Commissioning:
Ui commissioning ‘Control axis in manual mode

) Diagnostics —-

J.'E'.,_ Turntable [DE40]
& Configuration
I Commissioning
) Diagnostics

Diagnostics:
Display current position of
axis, evaluate signals

Properties of "Axis"

After the "Axis" technology object has been created, there are three selection possibilities
available for handling:
e Configuration
— Selection of the PTO (output) to be used and configuration of the drive interface
— Properties of the mechanics and gear ratio of the drive (or the machine or plant)
— Properties for position monitoring, for dynamic parameters and for referencing (homing)
The configuration is stored in the data block of the technology object

e Commissioning

With the "Commissioning" tool, the functioning of the axis is tested without having to have
created a user program. When you start this tool, the Control panel opens. The following
commands are available in the Control panel:

Enable and Disable the axis

Traversing the axis in Jog mode

Absolute and relative positioning of the axis
Referencing (homing) the axis

Acknowledgement of errors
e Diagnostics

With the "Diagnostics” tool you check the current Status and Error information of axis and
drive.

In the following, the commissioning of the axis is presented.

TIA-MICRO2 - Technology Objects
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8.7.3.  Activating the Commissioning Panel

Devices

EQQ

» [ PLC_1 [CRU 1274E DODGDE]
= r\_h. PLC_2 [CPU 1271C DHDGOC]
[IY Device configuration
%/ Online & diagnostics
~ |- Program blocks <

K Add new block

4 Cyclic interrupt [0B200]
2 Main [OB1]

48 FC_FReveive [FC31]

@ DE_RECEIVE [DES]

L]

- m m o EEEEEEEEsE

Il

o
b 5 Systemn blocks [*]
= p_* Technology objects <
K Add new ohject
» 17| FID_RC [DE200] 9
F 07T K Tuntsble oBa0] @
n &a Configuration

b Iy comrmissioning

% Diagnostics

] External source files

Axis control panel
Axis control panel

) Master control: Auis
i 95 Deactivate @ Enab
e T
antrol (1400:000220
Caution: Take all necessary safety precautions before you
n change to manual control.
Do you want to change to manual control?
fals ll Cancal
. Observe safety note! Incorrect axis

configuration or incorrect operation in
manual mode may lead to injuries to
people and damages to machine!

Commissioning Panel

In automatic mode, the Control Panel offers the opportunity to get an overview of the current
status of the axis. The most important bits such as Enabled, Homed or Axis error as well as the
current values on Position and Velocity are represented.

If the axis is to be controlled in manual mode, a warning appears which points out that all
necessary safety precautions are to be taken since you are about to actively intervene in the

process.
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8.7.3.1.

Using the Commissioning Panel (Manual Control)

Axis control panel

Master control: A5

A, Activate | & Deactivate :0 Enable €3 Disable E

Command Axis status
@ log |:| Enabled
(O Positioning Select the action [H] Homed
() Homing o] ready
Jog Info message:

Enable axis for manual
control

I:‘ Ais error
I:‘ Drive error

| Confirm

Welooity: | 7031.25 s
Acceleration § deceleration; | 13390 iz

Bl ool e 1o

Axis is at standstill

lerkiq 1920 s ®
Current values
| Backward B Foreard ] Pasition:
| ]
| Stop s Velocity:

Errar message:

Information about
current axis status

2560497 it

0.0 rimss

| S—
L Y L L L L L

QK

Using the Commissioning Panel

8-40

If the axis is to change to manual control, the execution of the MC-Power command in the user
program has to be deactivated first. Then, the manual control can be activated via the button

"Enable".

Thereupon, the control passes from the user program to the Control Panel and it is possible to
enable and disable the axis, move with the selected velocity in jog mode or to acknowledge errors

of the control panel as soon as their cause is eliminated.
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8.7.4. Properties of "Axis": Diagnostics

& Turntable [DE40]
@ Configuration
I commissioning

Configuration:

Specify signals,limits, limit
switches,reference point

% Diagnostics

X Turntable [DB40]
da Configuration Commissioning:

i cormissioning Control axis in manual mode

% Diagnostics

J.'E'.,_ Turntable [DE40]
& Configuration
I Commissioning
) Diagnostics

Diagnostics:
Display current position of
axis, evaluate signals

Properties of "Axis"

After the "Axis" technology object has been created, there are three selection possibilities
available for handling:
e Configuration
— Selection of the PTO (output) to be used and configuration of the drive interface
— Properties of the mechanics and gear ratio of the drive (or the machine or plant)
— Properties for position monitoring, for dynamic parameters and for referencing (homing)
The configuration is stored in the data block of the technology object

e Commissioning

With the "Commissioning" tool, the functioning of the axis is tested without having to have
created a user program. When you start this tool, the Control panel opens. The following
commands are available in the Control panel:

Enable and Disable the axis

Traversing the axis in Jog mode

Absolute and relative positioning of the axis
Referencing (homing) the axis
Acknowledgement of errors

e Diagnostics

With the "Diagnostics" tool you check the current Status and Error information of axis and
drive.

In the following, the diagnostics of the axis is presented.
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8.7.4.1.

Axis Diagnostics (1)

Devices

50O

» U PLC_1 [CPU 12714C DGDCDC]
~ [ji§ PLC_2 [CPU 1211C DGDGDC]
Y evice configuration
% Online & diagnostics
- gl Program blacks
B Add new block

2 Cyclicinterrupt [OB200] e
2 Main [OB1] L7
4 FC_Reveive [FC51]
| DB_RECEIVE [DBS]
b g System hlocks )
= [3 Technology objects )

B Add nesw object

h = m e =t S EIRCIDEAY o n o a S
=~ % Turntable [DE40] (e}

& Configuration .

Ui commissioning

.| Disgnostics

= = = b g el ourecsilesm = = == A
b [ FLCtags ]
v [lg) PLC data types [
3 E@,Watch and force tahles
» [ Online backups
4 T“Traces
b [ Device proxy data

B8 Program infa

=1 Teu lists

==

w Diagnostics

- B
Motion status
Dynarmics settings

[ ]
| ]
| ]
| ]
| ]
[ ]
| ]
| ]
| ]
| ]
[ ]
| ]
]
| ]
| ]
[ ]
| ]
| ]
| ]
| ]
4
[+
A
: ]
[ ]
[ ]
| ]
| ]
| ]
[ ]
[ ]
| ]
| ]
]

Complete overview of | __....
status and error bits

Status and errar hits

Axis | Turntable i A
Status messages
M) Enabled
[E] Homed
lz‘ Al error
[ control panel active
[ restan required
| Drive [M] Ready
I:‘ Dirivve error
Motion li‘ Standstill
[ Acceleration
[ constant velocity
[ peceleration
Type of mation D Fositioning
=
@

Move at predefined velocity

Homing active

=

Comnrnand table active

Limit switch status messages

[E] Low sw limit switch has been approached
[E] High 5w limit switch has been approached
D Lowe HW limit switch has been approached
[E] High H limit switch has been approsched

Error messages

Sl limit switch has been approached
HW limit switch has been approached
Irvalid direction of rovement

FTO already in use

Configuration errar

EEEEEE

Internal error

[s]9

Status and Error Bits

After the axis diagnostics is started, the current statuses of the axis are displayed under "Status
and error bits". Among other things, you can read out the current axis and motion status. In
addition, error events, such as, the reaching of limit switches are displayed.
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8.7.4.2.  Axis Diagnostics (2)

Information on the current
motion status

* Diagnostics
Mation status

= —taLus ondeoar birs

1 hlotic 15 i

E BN ) - -l
= = Dyhamics setings "
Current position:

125178.0 Ll
i Current velacity:
29317.25 mrﬂs |

* Diaghostics

Target position:
[126542.1 mm
Rermaining travel distance:

1364.063 rmim

Status and ervor bits Dynamics settings

m oA - - =

Acceleration:

LRI
13500.0 mimfs2
Deceleration:

" 13500.0 mimfs2

Display of the dynamicg
parameters

Ernergency deceleration:

7500.0 rmmfs2
lerk:
0.0 rmis?

Motion Status and Dynamics Settings

e  Through the menu point "Motion status” you can get information on the current movement.

The values displayed are continuously updated.

Deceleration and Emergency deceleration.

()

(== Allvalues are available as read-only.
N

-

q
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8.7.5. Blocks for Axis Control

Call in the cyclic
program

WOES
"MC_
MoneRelative_
DE"

MC_MAoveRelative a7

> | Favorites

? |Basi|: instructions

? |Extended instructions

|Technu|ngy
Marr
» 7] ing
» [JRD. ol

* | ] Mot antrol

b oo L Sia00 Motion Contrgl

3 MC_Fower
3 MC_Reset

EM

%LDBE40
"Turntable" Axis

false = Exacute
0.0 = Distance
100 | Yelosity

& MC_Home

& MC_Hake

M MC_Moverbsolute
Done = & MC_MoveRelative
Errar—1... & MC_Movevelocity
& MC_Movelog

W MC_CommandTable
& MC_ChangeDynamic

EMC

2 MC WriteFaram
3 MC_ReadFaram

Motion Control Instructions

8-44

Through the Motion Control instructions, you control the axis from the user program. The
instructions start Motion Control tasks which execute the desired functions.

The status of the Motion Control tasks as well as possible errors which occurred during
processing can be queried at the output parameters of the Motion Control instructions. The
following Motion Control instructions are available for selection:

Instruction Function
MC_Power Activate/deactivate axis
MC_Reset Acknowledge error of the axis
MC_Home Home (reference axis)
MC_Halt Cancel all MC instructions (axis commands)

MC_MoveAbsolute

Move axis to an absolute position

MC_MoveRelative

Move axis to a position relative to the current one

MC_MoveVelocity

Move axis with a constant (defined) velocity

MC_MovelJog

Move axis with (manual) jog velocity

MC_CommandTable

Execute axis jobs as movement sequence

MC_ChangeDynamic

Change dynamic settings of the axis

MC_WriteRaram

Write variables of the positioning axis

MC ReadParam

Continuously read movement data of a positioning axis

All blocks can be called in the cyclic program.
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8.8.

Task Description: Controlling a Stepper Motor

=""./_‘ CPU with activated PTO pulse output

Control unit

(Stepper) Motor

Channel 2: Direction

_——T NN

control

Principle of

[ I I I
Channel 1: Pulses

Turntable

Application
example

Task Description

Scenario

The stepper motor of the training device is to be commissioned. For this, the "Turntable"
technology object of the type "Axis" is to be created which is to be configured by you. On the
hardware-side, the PTO (output) 1 of the CPU is used as well as a Boolean output for the
specification of the direction.

The function block "FB_Turntable" (FB40) takes over the control of the axis. You are to call this
function block in the user program.

A production piece is transported via a turn-lift table. The production pieces arrive at the lower
level and are transported onto the turn-lift table (Position 1: 90°). Then, the turn-lift table
approaches the upper level and executes a 225° turn to Position 2 (315°). Having arrived at the
upper level, the production piece is moved off the turn-lift table and is transported away.
Subsequently, the turn-lift table travels back in the opposite direction to the starting point (Position
1).

The starting point is approached for the first time after the system is switched on and subsequent
referencing (homing) is done.

(@ﬁ The vertical movement was not programmed.
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8.8.1.

Exercise 4: Activating (Enabling) PTO 1 of the CPU

LI FTC 1P 1
o AT@MPW e = = = ===

b FTOZIPWMZ

b FTOiPh

Startup

Cycle

Cammunication load

P s EEsEsssEsEEE =
* Pulse generators (FTO/FWN x
||
L]

Systern and clock memary

-

web server

User interface languages
Time of day

Frotection

Configuration contral
COnhection resources

Overview of addresses

]
M E Enable this pulse generator ]

Project information

Marme:

Comment:

> Parameter assignment

B

i C |2 Properties  |?14 Info ||ﬂ Diagnostics |

J General " 10 tags '" System constants " Texts

» General [l BT P -~
» PROFIMET interface [%1] =
b DIGDGQ > Beregl

b oAlZ

» High speed counters (HSC) Enable

Fulse_1

Pulse options

:Signal type: | FTO {pulse A and direction B}

[EE N -
Tlme-base: L0 ISECDﬂaS -

|v‘l

Fulse duration format: | Hundredths

Cycle time: | 100

Initial pulse duration: [S0

-]

=
ms vI

Hundredths E‘

Task

8-46

The "Axis" technology object configured in the following accesses a PTO output. For this, activate
(enable) the PTO 1 of PLC_2 as shown in the picture.
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8.8.2.  Exercise 5: Creating and Configuring the Technology Object "Axis"

. = T
Project tree [0l 4 | Add new object b4
Devices Marme:
e O O = | = |Turntab|e |
- . . .
> ] My_Project 1 Marme Wersion Type: £ | 10_Positioningsuis
T . 1 - ;
B Add new device I * hd J:\jﬂtlon Contral ——
g Devices & networks [ * [ ] 57-1200 Motion Cont... %5.0
1
» [l PLC_1 [CPU 1214C DGDE/DC] - oo mEREE oo oo (@) manual
- [ PLC_2 [CPU 12711C DGDGDC] y Motion control t & TO_Fositioningéeds W50 0 () autamatic

E e s s s EREEEE R e
u'f Device configuration = RelsTontre] — . ;
Description:

& TO_CommandTa.. ¥5.0
|l\-_/ The "Positioning axis" technology object

("TO_PaositioningAxis") maps a physical drive

% Online & diagnostics

= g Frogram blocks

ﬁb' Add new block ‘n the controller. It makes available the

4B Cyclicinterrupt [0B200] P netions for controlling stepper motors and
o~ motors with pulse interface. You

& Main [0B1] ararn the drive movement with PLCopen

48 FC_Reweive [FC3T] r an cantrol function blacks.

@ DE_RECEINE [DEBS]

b o Systemn blocks
¥ L4 Technology objects
‘:b'.»\dd hew object

» 1T Fib ke [DE200]

] External source files
» L4 FLCtags [<] i [>]
» Tﬂ PLC data types
]
]

[&2) watch and force tables 3 |Add|t|una| information

[ online backups e e EEEm =
<] - i : | E}z ) Acd dep il [ cancel
Task
Create a technology object "Turntable" of the type "Axis" and configure it.
What to Do
1. Create a new technology object in PLC_2:
PLC_2 2 Technology objects - Add new object - Motion Control -
TO_PositioningAxis
— Name: Turntable
— Number: 40
2. Implement the settings shown in the following:
TIA-MICRO2 - Technology Objects 8-47
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w Basic parameters
Geneai
Drive
w Extended parameters
mMechanics
Fosition limits
* Dynamics
General
Emergency stop
* Horming
ACtive
Passive

w Basic parameters
General
« Extended parameters
Mechanics
Position limits
w Dynamics
General
Emergency stop

w Horming
Active
Passive
8-48

LI T R L T IR )

L L T L R T T T )

General

Technology object - Axis

Axis name: |Turntab|e

n
User program Technology object - FTO (Pulse Train Output) Drive
Axis f
Drive
@ PTO (Fulse Train Output)
() Analog drive connection
() PROFIdrive
Unit of measurement
Position unit: | ® |V|
Drive
Drive
T
Fower
FLC
FTO signal : : : :
hdotor
Enable
L&
Ready
Hardware interface
Select pulse generator: | Pulse_1 |v || Device configuration
Signhal type: | FTO (pulse & and direction B) |v|
Pulse output: |Turntab|e_Pu|se |jJ |%QD.D |'| 100 kHz on-board output
[ Activate direction output
Direction output: |Turntab|e_Directi0n |j| |%QD.‘I |v| 100 kHz on-board output
Enable and feedback of the drive
CPU Drive
Select enable output:
| |§| | | Drive enable
Select ready input:
| TRUE |§| | | Drive ready
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w Basic parameters
General
Drive

w Extended pararmeters

Position limits
w Dynamics
General
Emergency stop
* Haoming
Active
Passive

w Basic pararneters
General
Drive

w Extended parameters
Mechanics
Position limits

¥ Dynharmics

Emergency stop
~ Haming
Active

Pazsive
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>
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1600

360.0
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~ Basic parameters
» Emergency stop

General
Crrive

= Extended parameters Welocity
Mechanics 'y

Maximurm velocity:

Fosition limits

L I T T T T T X T T}

. 200.0 s
¥ Dynamics v
General 200.0 s
Startfstop welocity:
200 s
. 200 °f
Passive p T 2
Deceleration
>t
Emergency deceleration:
7200 52
4
[0.25 s
i Ermergency stop ramp-dowh time:
il
~ Basic parameters 0'7 )
General 0! | * Active
Drrive Q
w Extended parameters 0
Mechanics o Digital input homing switch Approach/homing direction:
Position limits o Input haming switch: () Fasitive direction
¥ Dynamics . N
i G Turntable_HormingSwitch | El| | %I0.0 O Megative direction
General Q
Ermergency stop 0 Select level:
* Homing (] High lewvel e R i i
® g Side of homing switch:
Passive o (") Top side
[ Permit auta reverse at HU limit switch (®) Bomom side

Approach velocity:
1000 s

Homing velocity:

40.0 s

== spproaching homing switch

== Homing axis
Home position offset: | 0.0

Trawvel to harme position
Horne position: | "MC_Horme".Position

3. The settings "Enable and feedback of the drive", "Position limits" as well as "Homing Passive"
remain unchanged.

4. Save your project.
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8.8.3.

Exercise 6: Commissioning "FB_Turntable" (FB40)

EN_A f

Enable Axis |

Approach reference point (home) |

Wait time 1 (2 sec.)

Approach Position 1 (slow) |

T —

Transport part onto turntable (Wait time 2 (5 sec.)) |

Approach Position 2 (fast) |

Transport part from turntable (Wait time 3 (3 sec.)) |

Approach Position 1 (fast) |

Transport part onto turntable ... etc. |

|
|
|
|
|
I
|
" Pos. 2

(3159 %

Ref. point

Pos. 1 (90°)

Legend
==Turns clockwise

__Turns counter-
clockwise

Inactive (Wait time)
Approach ref. point

Task

The control of the technology object "Turntable" is implemented by the function block
"FB_Turntable" (FB40). Insert the block from the Project library into your user program and call it

in OB1.

What to Do

1. Using drag & drop, copy the block "FB_Turntable" from the Project library into the program

folder of PLC_2.

ok~ 0D

shown in the following.

*DES
"FE_Turntable_DE"
RFE4D
"FB_Turntahle"

Call "FB_Turntable" in OB1 with instance DB number # 40.
Connect the input "EN_A" with the bit memory "M_Start_Axis" (M40.0).

Define tag... Ctrl+ Shift+1
Rename tag... Ctrl+Shife+T
Rewire tag... Ctrl+Shife+F
Mocut Ctrlax
:fg Copy Ctrl+C
_‘_5 Paste Ctrl+

TIA-MICRO2 - Technology Objects
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Modify to 0

Modify operand ...
Display forrmat

Monitor fram here
Monitor selection

Ctrl+F3

Ctrl+Shif+ 2

3

Save your project and transfer both the hardware and the software to PLC_2.

Monitor the call of "FB_Turntable" in OB1 and control the bit memory "M_Start_Axis" as
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Result

8-52

The axis first of all carries out the active homing (referencing) and then begins with the motion
sequence described in the task.

If the bit memory "M_Start_Axis" is reset, the axis ends the current execution and then stops at
Position 1.
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8.8.4.

Diagnostic Panel

Exercise 7: Starting the Axis and Monitoring the Statuses with the

B Add new device
i Devices & netwarks
» W PLC_1[CPU 1274C DG/DGDC]
= (i PLC 2 [CPU 1211C DGDEDC] B
JIY pevice configuration
9/ online & diagnostics
» [-gl Program blocks
= [ Technology objects
B Add new object

» L] FID_Rc [DE200] »
* ¥ Turntable [DB4D] @
& Configuration

oo MfeCareiasienng = = -

n .| Diagnostics
T o eERem s SeLmcafiese = -
» L3 PLCtags [*]
» Llg PLC data types [ ]

¥ 5l watch and force tables
B Add new watch table
E5| Force table
Watch table_1
b L&) Online backups
» 5 Traces
Device prozy data
Program info
Text lists
» [ Local modules
> =3 HWI_1 [KTPE00 Basic calor PN]
[T Device configuration
% Online & diagnostics
Y FRuntime semings
b [[] Screens

b @ srvmen rananarmant

> _] My_Project ~

Status and error bits
Mation status

Dynamics settings

Status and error hits

Axis | Tumntable
Status messages Limit switch status messages
Axis [ Enabled [O] Low W limit switch has been approached
(B Homed [E] High 5w limit switch has been approached
[ ais ervor [E] Low H limit switch has been approached
[ Contral panel active [E] High H¥ limit switch has been sppraached
[ restart required
Drive [l Ready Error messages
D Drive error D SW limit switch has been approached
Motion [0 Standstil [E] Hoir limit switch has been approached
D Acceleration D Invalid direction of movernent
O constant velociy [ P10 alreadyin use
@ Deceleration [@] configuration eror
Type of motion [M] Pasitioning [ internal errar
[E] Move at predefined velocity oK
[ Homing active
’—\ Cammand table active
Mation status
Current position Target position
Cutrent position: | 315.0 =| Tatget position: 315.0 °
Current velocity. | 25.5544 %s | Remaining travel distance: | 1.502037E-5 -
Dynamics settings
Acceleration: Emergency deceleration:
Acceleration: | 360.0 kiR Emergency deceleration: | 720.0 52
Deceleration: | 360.0 52 Jerk: 0o KER

Task

Monitor the current status of the axis and track the motion sequences via the Diagnostic Panel.
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Objectives

At the end of the chapter the participant will ...

be able to parameterize and test a drive with Startdrive
be able to integrate a drive in the device configuration
be able to reset (restore) the inverter to factory settings
be able to set basic parameters via Startdrive

be able to control the drive via a PLC
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Task Description: SIEMENS

G120 as an Additional Conveyor Drive

SIEMENS SIMATIC HMI

16.09.2013 15:34:31

Plant
Plant ON OFF

actual quantity  Weight
3 383

\IIHHiU\UJMIiUJIIHHIjH_\

F i i

G120 speed ...
setting

RSE

00
00
00
00
00
6.0
00
00
O 0|

00
38
828
88
38
38
38
S

23

PROFINET
SITRAIN
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SITRAIN TIA-PRO2

Training for Industry Page 3 Drive with Startdrive



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIEMENS

Communication Standard PROFIdrive

rrorone > Pl N

PROFIBUS - PROFINET

Consistent industrial communication

Comprehensive range of applications

PROFIdrive is the standard profile for drives technology in conjunction
with the PROFIBUS and PROFINET communication systems

Proven method for the easy and integrated connection of drives and
controllers of different manufacturers

SITRAIN
TIA-PRO2/ Drive with Startdrive Page 4 Siemens AG © 2015 ‘
SITRAIN TIA-PRO2

Training for Industry Page 4 Drive with Startdrive



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIEMENS
CPU - Drive Communication: CPU - G120

O | Main tasks of the CPU — Drive Communication:
Reading / Writing of parameters: Controlling the drive process:
* Reading-out fault and diagnostic values » Constant setting of control bits and setpoint values
» Reading and changing function values » Constant reading of status bits and actual values
e.g. when setting up the machine

Parameter data range (PKW) Process data range (PZD)

Parameterizing Controlling
Source of main setpoint Value of main setpoint
Source of control bits Logic state of control bits
O| The data is transferred: |
*  Onrequest only if necessary » Fast and constantly triggered
*  With free access to any parameter *  Withassigned (fixed) “wiring“ to the process
| acyclic || cyclic |
via DS47 telegrams via standard telegrams
SITRAIN
TIA-PRO2/ Drive with Startdrive Page 5 Siemens AG © 2015
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Standard Telegrams

SIEMENS

Telegram 1 20 352 354 999
PZD1 STW1 Zsw1 STW1 ZSW1 STW1 ZSW1 STW1 ZswWi1 STW1<4> | ZSW1<4>
PzZD2 NSOLL_A NIST_A NSOLL_A | NIST_A_GL | NSOLL_A | NIST_A_GL | NSOLL_A | NIST_A_GL
PZD3 IAIST_GL <3> IAIST_GL <3> IAIST_GL
PZD4 | MIST_GL <3> MIST_GL <3> MIST_GL 2 o
>5 >E
PZD5 | PIST_GL <3> WARN_CODE <3> WARN_CODE| @+ 3 =t
ECS ES 5
PZD6 | <2> <3> FAULT_CODE <3> FAULT_CODE| c @ 4 cxd
e b= o0 © o0 @8
PZD7 o w w I c® £ E— ¢
22 z Dc e 28
- 1
PZD8 £ 25 | EGS §55
© c
4 x ol = 5°¢
PZD9 o0 ga | o© C S
2= £5 239 8>65
PZD10 235 g2 ] =2F o]
om oD 285 o5
PZD11 2L < 283 E s 3
ZD e o5 | oZ 5388
o 4 T 6 55
PZD12 o 0o x 38 =23

Telegrams 1, 20
Telegrams 352 to 391
Telegram 999

Manufacturer-independent Standard Tel. automatic configuration in drive
Siemens-specific Standard Telegrams
Free telegram

automatic configuration in drive
manual configuration required

SITRAIN
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SIEMENS

Structure of the Control Word

Motor ON
Rising edge for switchingon !
Motor OFF

151413 121111019 |8 |7 |6

L Control from PLC

L Motor-Poti up
L Motor-Poti down
L Command data set Bit O

\\ |—ON / OFF1 (according to parameterized ramp)
OFF2 (coast to stop)

OFF3 (default=quick stop, i.e. ramp-down time 0 sec.)
Pulse enable
Ramp-function generator-Enable
Ramp-function generator-Startup

L Setpoint enable

L Fault(s) acknowledge

L reserved (can be parameterized, e.g. Jog1 with JOG in direction of rotation)
L reserved (canbe parameterized, e.g. Jog2 with JOG against direction of rotation)

L Reverse (reversal of direction of rotation)

SITRAIN
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Structure of the Status Word

1514 13 12|11

10|19 187 (6|5(4]3([2]|1

0

L Mot
L Motor ov:
L Motor runnin.
L Inverter overload

{

OFF3 active

L Drive warning active

L Control from PLC
L Maximum frequency reached

L Warning motor current max. (reached)

or holding brake active
erload
g direction right

SIEMENS

I— Drive ready
Drive ready to run

Drive running
Drive fault active
OFF2 active

L Switch-on inhibit active

L Deviation SETPOINT / ACTUAL

SITRAIN
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SIEMENS
Setpoint / Actual Value —» Speed Values

p2000: reference speed 1500 rpm

-100% 0% 100%
| | |
[ [ I
-16384 0 +16384
Value Value |[Inverter frequency [Speed under rated load
(hexadecimal)| (decimal) (Hz) (rpm)
4 4000 16384 50 1500
3000 12288 37.5 1125
Positive setpoint 2000 8192 25 750
= direction of rotation right <
(view of the drive axis) 1500 5376 16.4 4922
1000 4096 12.5 375
\_ 500 1280 3.91 117.2
4 0 0 0 0
Negative setpoint F000 -4096 125 -375
= direction of rotation left <
(view of the drive axis) E000 -8192 25 ~750
L C000 -16384 -50 -1500
SITRAIN
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SIEMENS

Inserting a Drive into the Project

Add new device [X
Project tree m 4
Devices pevicename: | | Enter device name I
5 Q © 2 WS ]
T ——. [+ - .
v ] My_Project % ar[?nves &sta nefs Device:
‘; 5.0 .arSINAMCS dnve1s
by Devices & networks > ,ﬁrSIN:MCS IG ?0 <:
» [l PLC_1 [CPU 1513-1 PN] Controllers | Soguroytinits
~ @& CU2408-2 [
» .1 Touchpanel [TP700 Comfort] TR SToE
» [4§ Common data » CU240E-2 PN-F
» Bl b - - QB CU240E-2
'E]) Documentation settings D aE CU240E-2 PN
® CU240E20P Orderno:  [65L3244-0BB13-1FAO |
HMI @ CU240E-2F Version 27 <:| =
4 CU240E-2 PN-F
~ @B CU240E-2 DPF Description:
AT U Select correct [qreviputs: 1 .
“ = = ! B inputsioutputs: measuring input
&L Or] . version ! tf functions: STO, SS1, SLS, SDI, SSM
. = = Degree of protection: IP20
. Drives .
H H
T e
[W) Open device view l OK l [ Cancel 1
SITRAIN
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SIEMENS
Networking a Drive with a CPU

Project tree ' 4 § My_Project » Devices & networks - X
Devices . view Network view i[lf Device view

W EEEEES
=0 Q0 X blleN Network| B ¥ Connections [Hi ne % 1100% v =
tfassnnnnnnn?
¥ ] My_Project
B Add new device
= BUEOTLIE o vs163 o hagss | a120 cuzeoe2
» (1 57_1500 [CPU 1516-3 PN/DP] o E
» [ Touchpanel [TP700 Comfort] -

» 3 G120 [G120 CU240E-2 PN-F]

~ (3, Unassigned devices
A£G F0E-2 PN-F] =
» [E¥Tommon data -

» [5]) Documentation settings
» r_@ Languages & resources
» ()@ Online access

» (5 Card Reader/USB memory | |

Drag connection
between devices

§$7_1500 ET200SP Touchpanel G120
CPU 1516-3 PNL... IM 155-6 PN ST TP700 Comfort G120 CU240E-2...
$7_1500 E
F $7_1500
PN/IE_1 |
SITRAIN
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Parameterizing the Module Address and

Module Name

SIEMENS

Project tree o 4 My_Project » Drive_1[G120 CU240E-2 PN-F]
Devices [E Topology view 1& Network view jm Device view i
G Q@ i

v ] My_Project
B Add new device
s Devices & networks
» [/ $7_1500 [CPU 1516-3 PN/DP]
» [ Touchpanel [TP700 Comfort]
v [ G120 [G120 CU240E-2 PN-F]
[¥[oe ice contgurotin]
Z’Parameter
1§ commissioning
%] online & diagnostics
» rs Traces
» (4§ Common data

9 Properties

d¢ [Drive_1 7:7 ) |§|$ @ s [75%

-

*i} Info i) | % Diagnostics

T'E"""""if'r"
—a

Select the control

unit ;

| v | | am

General

3 Genera | Lom— [a]
v PROFINET interface [X1] j Name: ‘6120
General s

Ethernet addresses.

o

IPaddress: 19> 168 . 111 . 129)

» Cyclicdata exchange [ Subnetmask: | 255 . 255 . 255 0
SITRAIN
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Configuring a Power Unit

Devices

|& Topology view | Network view [} Device view |

GO O

v ] My_Project
I Add new device
gh Devices & networks
» [ PLC_1 [CPU 15131 PN] [
» [ Touchpanel [TP700 Comfort] |

kY

)

d¢ [c120

&

SEICELS

SIEMENS

Options

w1t

I

v ] Catalog

[ Filter

B

» a8 Control units
v (a8 Power units

| e
v & G120 [G120 cuuoszmﬂ[ » .r.PMzso
[IY Device configuration » - PM240
?Perameter f O » ra PM240-2
Vi Commissioning ¥ » - PM250
%] Online & diagnostics " E % ,—“ .
% ET’““ Device: ‘Q a7 ~ L PAB40
» [§§ Common data u ’ 2 @B PM340 IP20 FSA A 240V 0,12kW
» [£) Documentation settings . @B P340 IP20 FSA U 240V 0,12kW
» r; Lanquages & resources [v] = = _9_@.:3_40 IP20 FSA A 240V 0,37kW
> | Reference projects H -'..?.':”.B.“.°.'.'?‘! fs_f:t_:_z :?‘.I 9’.37”“
- . W PSSO B30 BEA ARGV 8.5
i Detalls dew —] PM340 1P20 = & PM340 IP20 FSA U 240V 0,75kwW
— onterno:  Josiamorsmzsumo § | | %] A< B
<l m e e el B )l|nfomﬁ°n
v
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SIEMENS

Parameterizing the Process Data Area (PZD)

Project tree My_Project » G120 [G120 CU240E-2 PN-F]

Devices
v (3 G120 [G120 CU240E-2 P...

Noe ice contourstion

|5.5‘ Topology view “gﬁ Network view ‘m Device view ‘
i [sizo EIEIE G = =N
| Select control unit | 3

ﬁ:Properties I’Q Info i) " 2| Diagnostics |

_] General I
» General fl > Actual value E
¥ PROFINET interfa X1
Status word e ce il B
and actual Ethernet addresses Drive Partner
value Cyclic data exchange Name [G120 o= {rc [~]
Role [Device ] lComrolIer [
Controlword | Setoint IPaddress | 192 . 168 . 111 .1 | [ 192 168 . 111102/
d (rgafiat » Advanced options = [ Siana d-l . — =
clifel Spplell Diagnostics addresses [ elegram | Stancarc telegram ]
(value) Module parameter ' Slot |2 |
Hwidentifier [ Startaddress [PZD 1 [~] [[IGO ]]
T QW 60 Control word q Length |2 words | |2 words [
T QW62 Main setpoint & Extension |0 words | [0 words |
t : w 2(2) Status word h Process image Automatic update |
o Bl Aarm 0B
SITRAIN
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Assigning the Device Name ONLINE
(Module Initialization)

My_Project » Devices & networks

SIEMENS

OFFLINE

configured

device name

Assign PROFINET device name.

-
PROFINET device name: :.I 9120 = [~]

G120 PLC_1
G120 CU240E-2... CPU 1513-1 PN Type:  |CU240E-2 PN-F |
1] £

Type of the PGIPC interface:  |§_PNIIE [+]
= PGIPCinterface:  [R Intel(R) 82574L Gigabit ... | v| ©)[S)
+X m S N [:] Only show devices of the same type
Crl+C ' . : 5
Only show devices with bad parajr
culsv o = LR ONLINE
bl S N\ [) Only show devices wi e nle
4 Accessible devices in the network: [E‘ device
- sGriostics cerle D IP address MACaddress o olyRS usnnnnnsd@@e Status
._'\> 0.0.0.0 00-1 F-F8-EF»30~EF: SINAMICS G1.2:). I .—. o= 1. No name assigned
TR F——— /] 192168111101 00-1B-1B-1E€1£7 SIWATICHM touchpanel @ ox
e e s 192.168.111.102 00-1B-1B-1D4C-.. S57-1500 s7_1500.profinetsch... @ OK
e 192.168.111.104 00-1B-1B-21-08-.. IM155-6 et200sp @ ok
HE i
— . | Assign name | | Close |
g Properties Alt+Enter
SITRAIN
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SIEMENS

Parameterizing the Drive
with the "Commissioning Wizard"

- EX

My_Project » G120 [G120 CU240E-2 PN-F] » Parameter

i Devices

[ Wizards | Functional View H Parameter View

50O 2

¥ Commissioning
v ] My_Project
B Add new device
5§3, Devices & networks
» [ PLC_1 [CPU 15131 PN]
» [ Touchpanel [TPZ00 Comf.
v /3 6120 [G120 CI Commissioning wizard
JIY pevice conf
¥ Parameter

Commissioning

Data sets

» [ Traces

» (2 Unassigned de

» [§§ Common data

» [£) Documentatiol

» 4:‘ Languages &

» g Online access
» [ Card Reader/USB |

®
®
®
®
®
®
®

SITRAIN
TIA-PRO2/ Drive with Startdrive

Drive on SIMATIC motion control axis ‘

7%

Data sets

Selection of command and drive data sets for which settings are to be specified when running
through the wizrd

Data set selection:

T

Command data set: \0 | Drive data set: \:0 TT"

Page 16 Siemens AG © 2015 A
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Online Commissioning: SIEMENS
Activating / Deactivating the Control Panel

Project tree o 4 Prerequisite:
Devices ¢ Online connection PG «» Drive exists
OO g e No fault is active (if necessary, acknowledge first)

-
v |32 G120 [G120 CU240E-2 PN-F) ——>|
[IY pevice conﬁguraﬁV
% Parameter
!ﬁ : ¥ Commissioning
| Online & diagnostics Commissioning wizrd | Activate

» r“,‘, Traces Control panel| |

» [§§ Common data Motor optimiztion

Master control: Drive enables:
» [5]) Documentation settings Backing upipse S Acivate | [ Descuvere | @ se: )
4 b Languages & resources
v [l Online access Modify:
» [f use [s7UsB] Speed: [0 =] pm .-
» Lu COM [RS232/PPI multi-master cable «
v _J] Intel(R) 82579LM Gigabit Network C
£2 Update accessible devices | Drive status: A
v 3 Antrieb_1[192.168.111.109] 1 « Readyfor switching on « Operation enabled
% Parameter H Q) Feute (A

)i Commissioning _ Active fault:  |8501: PROFINET: Setpoint timeout ] o
[l Onfine & i noSc g | Acknowledge fault | '—\ —r—— .

SITRAIN
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SIEMENS

Operating the Control Panel for Commissioning

Activate /| Deactivate Master control

Master control:

E Activate |

-~ | |outputfrequencysmoothed [
Ackno e faults Output voltage smoothed 2 |

A For reasons of safgtf’y, the drive is stopped when the editor is exited (e.g. Editor change, Windows task change)

SITRAIN TIA-PRO2
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Monitoring Control and Status Word(s) Online

SIEMENS

%

OO =
H
¥ [ My_Project -
I Add new device My_Project » G120 [G120
gk Devices & networks ‘ -
» (8 PLC_1 [CPU 1513-1 PN] | Oniine access
» [ Touchpanel [TP700 Comfort] 4 ¥ Diagnostics
~ I3 G120 [G120 CU240E-2 PN-F] Diegnosﬁu general
IY Device configuration Active messages
7 Parameter K4 ') Message history
¥t Commissioning \* Controlistatus word
bl :
» @Traces Safety diagnostics
» G Common data & hd » Functions

3939099339 DIIP DI

SITRAIN
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Monitoring Active Messages Online

Project tree

Devices

50 O

v ] My_Project
I Add new device
gh Devices & networks
» '@ PLC_1 [CPU 15131 PN]
» '3 Touchpanel [TP700 Comfort]
v 3 G120 [G120 CU240E-2 PN-F)
IIY Device configuration
¥ Parameter
Vi commissioning

. IR — [ o omime |

» (G Traces
» 4§ Common data

Active jes

SIEMENS

=
<)
Faults
Fault buffer
1 Fault1

2
3

Alarms

Alarm buffer
1 fNarm1
5

(Fault code
1030

Alarm code
8526

N7

Projec

e

Online access
¥ Diagnostics
Diagnostics general
___> Active message s
Message history
Controlfstatus word
Drive enable signals
Safety diagnostics
» Functions
Backing upfreset

B Y WP

g

S ™ o L o

Message
Sign-ofife failure for master control

Message
PROFINET: No cyclic connection

SITRAIN
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SIEMENS

Exercise 1: Restoring the Factory Settings

Project tree

HOO

» 4§ Common data
» [£) Documentation settings
» [ Languages & resources
g Online access
» Cguse [s7use] [

» [} COM[RS232/PPI multimas... 18
v [ Intel(R) 82579 LM Gigabit N... 1
&2 Update accessible devi...

» 53 comfortpanel [192.168.1...

» (i3 e1200sp [192.168.111....
v & G120[192.168.111.109] Allparameters will bereset ___|~]

:
(
» [mPLC_1[192.168.111.88] I

» [} Intel(R) 82574L Gigabit Ne....

» g PC Adapter (WP1)

» [ cP5711 [PROFIBUS)

» [ PCinternal

» ) PLCSIM[PNIE) [

» [ PLCSIMS7-1200/57-1500 ... |

- ‘ Restore factory setting

SITRAIN TIA-PRO2
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Devices

Exercise 2:

Reading-out the Firmware Version of the Drive

Project tree

SIEMENS

QO

¥ ] My_Project
B Add new device
sy Devices & networks
» [/ S7_1500 [CPU 1513-1 PN]
» (=3 Touchpanel [TP700 Comfort]
» r‘i Commeon data
Documentation settings
» @ Languages & resources
v g Online access

MAC address [
of G120 2ikPI multi-master ce
—gmrenrrLentriho(R) Advanced-N 6,

v 3 [00-1F-F8-EF-30-EF]
Online & diagnostics
» [ et200sp [192.168.111.104]
» [l $7_1500 [192.168.111.102]
» (53 touchpanel [192.168.111.101]
» [ cP5611 [PROFIBUS]

)

» Diagnostics

¥ Functions
Assign IP address
Assign name
Restore factory settings

Assign IP address

IPaddress: 192 . 168 . 111
Subnet mask: 255 . 255 . 255
| [) Use router
Router address: 0 0 0

MAC address: ||@0 -1F -F8 -EF -3

.88

[ Assign IP address

Temporary
IP address

v 25 Intel(R) 82574L Gigabit Network Connection
) 27 Update accessible devices
» [ et200sp [192.168.111.104]
v I G120[192.168.111.8; \v Diagnostics
% Parameter i i
:> af General diagnostics:

!ﬁ Commissioning

(A Online & diagnostics}

L[ c7 1=nni+an 162113 1071

Active messages
Message history

.

lsa

Controlistatus words
Drive enables

3

Short designation: | G120 CU240E-2 PN-F

Order No.: | 65L3 244-0BB13-1FAO

Hardware: | A-03

Firmware: |V04.60.21 (]
Profile: | PROFIdrive

SITRAIN
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Exercise 3: Inserting and Networking the Drive in
the Offline Project

SIEMENS

- Ui A 4
Project tree 4 / :
j ket M
Devices ]5"‘ Topology view Egh Network view gm Device view. 1 Options
y - T L T T T TR T R — =
50 Q 35 g% Network EU Connections |HM_connection 1Ad] % = I |
To"""""""" 1 10 system: PLC_1.PROFINET 10-System (100) [A| v | Catalog
v ] My_Project [search> 'ﬂ_ﬂ ri_lﬂ
I Add new device > = :
r
o DA S zi;;_::uzaoe 2 N ]
» [/ PLC_1 [CPU 15131 PN] »m Controllers ]
» h Touchpanel [TP700 Comfort] ’ j-] HM
» 32 Drive_1[G120 CU240E-2 PN-F] : PLCT N ECSEIcins
» (4§ Common data : : v _u'Dnves & starters
» (£ Documentation settings S R —— \) » ;mSIR!US moto.rsuners an...
» [@ Languages & resources 7 SINAMCS drives
» g Online access v v (a8 SINAMICS G120 =
n v | Information == » w a8 Control unit:
» 9 Card Reader/USB memory 5 ) 2. as Control units
Device: = b . & Cu2408-2
H B CU2408-2 DP
H @& CU240E-2
= Q& CU240E-2 PN
- CU240E20P 7
e : WSHRAE 2 awy
CU240E-2 PNF = 523052 ENT,
5 dEcusaems ppss”
" » (38 SINAMICS G120C =
) - P r |-
> | Reference projects ¢ || Orderno.: 65SL3244-0BB13-1FA0 < I - ‘ >
> | Details view Ve o a7 > |Information
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Exercise 4:

Configuring and Parameterizing the Drive

Devices

My_Project » G120 [G120 CU240E-2 PN-F]

X

|& Topology view [d Network view [IIY Device view |

HOQ =

» (@ PLC 1 [CPU 15131 PN] (A
» :g Touchpanel [TP700 Comf...
v & 6120 [6120 CU240E-2 ..

[Mocsice confguraton

" Paramerer

J General I

[ Genero/ QREEEEEELEEEEED

~ PROFINETinterface [X1] = ®®'s
General

Ethernet addresses
¥ Cyclic data exchange
Actualvalue smnnmnmn

d¢ (G120

M 8e/H Qs

', Properties | %} Info

2| Diagnostics

=

8]

[}

SIEMENS

c Q

v ] Catalog

TECTETTEEL 2 pryeeoves

| <Search>

[ Filter

» (32 Control units

&
‘ -

v r‘a' Power units
» [ PM230
» [38 PM240
» (38 PM240-2
» 38 PM250
» 38 PM260
~ [38 PM340
@B PM340 IP20 FSA A 240V 0,12kW
@B PM340 IP20 FSA U 240V 0,12kW
@B PM340 IP20 FSA A 240V 0,37kwW
@B PM340 IP20 FSA U 240V 0,37kW
PM340 IP20 FSA A 240V 0,75kW

L =IPM340 IP20 FSA U 240V 0,75kW

v l Information

LT S | = IP address: Device: Ll_.
~ Advanced options ; .s Subnet mask:
» Real time settings > E H
» Port [X1P1] e Telegram IStandard telegram 1 E]
D G i s
Diagnostics addresses HE e (@ PM340 IP20
Module parameter Startaddress [PZD 1 [~ [le0 | order o
LW eniker iufeuasap [Startaddress [Fz01 e | veson: [ [+
v
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Exercise 5:
Assigning the PROFINET Device Name ONLINE

My_Project » Devices & networks

SIEMENS

OFFLINE
[{.5 Topology view Hgﬂ-h Network view configured
g~ Network §3¥ Connections [HM_connection [~] &3 Relations Nt s =3 [ device name

Assign PROFINET device name.

G120 PLC_1 PROFINETdevice name: :‘l[g'lZO = [~
G120 CU240E-2... CPU1513-1 PN Type: jCU246E~2 PNF 1
Pt i"t
PNIE_1 | Type of the PGIPC interface:  |§_PNiE [+
E g’ PGIPCinterface: (I intel(R) 82574L Gigabit N... || ©[Q
lr +X m N\ [) Only show devices of the same type
= Crl+C 1 - . g
Only show devices with bad para
Curlay Deguo Dony ceswiele ONLINE
3 Delewe ool Lo [) Only show devices withoGt name| accessible
[il I . Accessible devices in the network: [&J | device
.- o - - IP address MAC address s Name, Status
% Online & diagnostics + A PEnmn e B
5 -
‘_'\> 192.168.111.88 00-1F-F8-EF-30-EF :SINAMCS G120 -— = 1. No name assigned
= e — 192.168.111.121 00-1B-1B-1E-E1-€7 *SIMANCARS" " " " %83¢hbanel @ ok
: 192.168.111.122 00-1B-1B-1D4C-.. $7-1500 57_1500.profinetsch... @ OK
192.168.111.124 00-18-18-21-08-.. IM1556 €1200sp @ ok
=» Export to XML
-~ - [ Assignname | | Close ]
g Properties FRE PR R —
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Exercise 6: Parameterizing the Drive SIEMENS
OFFLINE with the Commissioning Wizard

My_Project » G120 [G120 CU240E-2 PN-F] » Parameter - X

Devices [ Wizards | Functional View H Parameter View

50O 2
¥ Commissioning
v _1 My_Project Drive on SIMATIC motion control axis
I Add new device Commissioning

5§3, Devices & networks
» [ PLC_1 [CPU 15131 PN]
» [ Touchpanel [TPZ00 Comf.
v /3 6120 [G120 CI Commissioning wizard %1

JIY pevice conf

p @ Data sets Data sets
o FarEmetey Selection of command and drive data sets for which settings are to be specified when running
Vi Commission ® through the wizrd
L/ Online & dig|
» [Z Traces ® S
» [13 Unassigned de Data set selection:
2 " ;ommon dat.a @ Command data set: \0 I+ Drive data set: \:0 TT"
» £ Documentatiol| L
» 4:‘ Languages & @
» g Online access
» [ Card Reader/USB | ®
®
® || Next>» |
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Exercise 7: SIEMENS

Downloading the Parameterization into the Drive

4 Siemens - My_Project

Project Edit View Insert Online Options Tools Windo
S 3 soveprojet & X 11 o X 9: (¥ T

Project tree

Totally Integrated Automation
AMHARE X Y PORTAL

.
3 B [ ¥ Goonline ¥ Gooffine

| Devices

500

» [ PLC_1 [CPU 15131 PN]

» (21 Touchpanel [TP700 Comfort]
90 (G120 cuzsoe )
» (4} Common data

» (£ Documentation settings

ad to device

Configured access nodes of*G120"

» [ Languages & resources Device Device type Slot Type Address Subnet
v [} Online sccess G120 S7USB -
Y Displeyhide interfaces CU240E-2 PN-F 0x1 PNIIE 192.168.111.109 PNIIE_1
» _}) COM [RS232/PPI multi-mast
» [ Intel(R) 82579LM Gigabit Net
» [ Intel(R) 82574L Gigabit Net
» 8 PC Adapter [MP1]
» [ cp5711 [PROFIBUS] Type of the PGIPC interface: ¥_PNIE v
» _j PCinternal = ——————————— -
» Ca PLcsmfenie) PGIPCinterface: [l Intel(R) 82579LM Gigabit... || ©)[ &)
» [ PLCSIM $7-1200/57-1500 [P. Connection to subnet: | PN/IE_1 v @

» [f TeleService [Automatic proto
<| n
> | Reference projects

L|.11111111111111J—rl sEmmnm

Show all tible devit =
:.a"owe compatible devices 7

Compatible devices in target subnet:

> | Details view " Device Device type Type Address Target device
gty G120 G120 CU240E2 .. PNIE 192.168.11188  —
a = - PNIIE Access address =
Refresh ] Load ‘ ' Cancel l
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Exercise 8:

Project tree

v ] PRO2_Sol_temp
B Add new device
&b Devices & networks
» (g PLC_1 [CPU 1513-1 PN]

IIY Device config

Operating the Drive via the Control Panel

» (3 Touchpanel [TP700 Comfort]
v (3 G120 [G120 CU240E2P...

SIEMENS

' 4 PRO2_Sol_temp » G12/

|~ Commissioning
Commissioning Wizard

Motor optimizatio|
Backing upfreset

%] Online & diag

» [ Traces
e EA Lrmamrpo-datas o,

Kl

faN)

NI RIII nnsins
Master control: '
| Activay N %) Deactivate
AN

MR II AT IIIIINIIRIIIII
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Exercise 9: Commissioning "FC_Drive" (FC120)

Devices

G QO

¥ ] My_Projct
B Add new device
gy Devices & networks
~ (/8 PLC_1 [CPU 1513-1 PN]
JIY Device configuration

SIEMENS

Libraries LI 4
Options

« Library view Ol
v I Project library

Se | =) P
e | =

v I Global libraries
T EIER
» LL] Documentation te... E

L Online & diagnostics » LUl winAC_MP
» gl Program blocks g, , v L1 PRO2_Lib
» r_-“ Technology objects - il » || Types .
4 External source files v | | Mastercopies [ |
v [ & PLCtags » 'tz Chap02
Zg Show all tags » 'tz Chap03
B Add new tag table » 'tz Chap05
% Default tag table [79] » 'tz Chap10
i5g Conveyor [15] o » [z Chapi1 =
i35 Drive [6] QCrrnnna,,, r,z:,Ch_a_pjz.
53 My_Variables [18] L -....",e!"d\ap1§ .-...“
» (g PLC data types S EEFCDrve |
» (2 Watch and force tables B -"‘.» :.5' oY
% Traces » Gf€ommon data® -
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Additional Information

SIEMENS
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Changing Parameters in the Inverter

2 PN-F] »

v J

SIEMENS

Wizards [_FunctionaIView |ParameterView 1

Project tree 1|
Devices

HOQ -

v ] My_Project

I Add new device
gh Devices & networks
» [ PLC_1 [CPU 1513-1 PN]

» (23 Touchpanel [TP700 Comfort]
% 'g G120 [G120 CU240E-2 PN-F]
IIY Device configuration

iy
Vi Commissioning
%! Online & diagnostics
» r"“‘l’uces
» (4§ Common data

» [¥9 narimansasing rarrinne

8

Disconnect online connection

G120 : Save RAM data to EEPROM

The parameters are onlysaved in the volatile memory (RAM).
The changed parameters are lost after Power OFF.

Do you want to back up the parameters?

S\~

o |

» Inputs/outputs

» Setpointchannel
Operating mede
Drive functions

»
»
» Application functions
» Communication

»

Interconnections

Functional parameter groups:

e DI/DO assignment

[53l] cos: FYQERS~] oos: [0 (-dve]~

* Control word structure
e Behavior in case of error

_..etc.

< [ cootine |

Back up parameter assignments

*V -

Commissioning
Save & Reset
System information
Basic settings
Inputs/outputs
Setpoint channel
Operating mode
Drive functions
Application functions
Communication

v Vv Vvwvwvwvow

Diagnostics

Parameter lists

P-No. and Value:

o Entire list

o Filtered by function
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G120 Reset to Factory Settings via BOP-2

| Menu "Extras" |

SIEMENS

CONTROL

EXTRAS

MONITORING CONTROL

IRRESET

PARAMETER SETUP EXTRAS

MONITORING CONTROL DIAGNOSTICS MONITORING CONTROL DIAGNOSTICS
- JLSY - ESC/OK
= et
PARAMETER SETUP EXTRAS PARAMETER SETUP EXTRAS
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5. Introduction to Industrial Communication

5.1. Objectives

At the end of the chapter the participant will ...

understand the principle of CPU-CPU communication.

be familiar with the features of the transport protocol "ISO-on-
TCP".

understand the difference between packet-oriented and data
flow-oriented communication.

be able to create a communications connection between 2 CPUs.

Objectives

In this chapter, the industrial communication via Ethernet between two S7-1200 CPUs is dealt
with. The available communication services are compared. In a concluding exercise, an 1ISO-on-
TCP connection between the two CPUs of the training area is programmed.
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5.2. Task Description: Creating an "1ISO-on-TCP" Connection

CPU 1214C CPU 1211C
DB_RECEIVE
DB_Parts
- fF : re
200 bytes
ISO-on-TCP

Task Description

An ISO-on-TCP connection between the CPUs of your training area is to be programmed. Via this
connection, the ARRAY variable "DB_Parts".Part_Weight is to be sent from the controller
"PLC_1" to the still to be configured controller "PLC_2" and stored there in the DB
"DB_RECEIVE" in the ARRAY variable "Receive_buffer".

To minimize data traffic, sending is not to be continuous. Instead, sending is to occur under the
same conditions as the saving of weight values in "DB_Parts".
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5.3. S7-1200 Ethernet Communication Services in the ISO/OSI
Communication Model

— —
— L]
S7 communication (PUT/GET)
ISO-on-TCP
. TCP
, UDP
o 11 e
| 2
3

i 57157 protocol

4%, RFC 1006 (ISO)
TCP UDP
Internet protocol

Layer
LS IR RES

Ethernet

ISO/OSI Model

Communication tasks are divided for international comparison in 7 layers according to the
ISO/OSI model. Included are also, among other things, the types of communication shown in the
picture which are supported by the S7-1200.

Every layer has an exactly defined task area and, in each case, a defined interface to the higher-
level and the subordinate layer.

Abbreviation

International Organization for Standardization / Open Systems Interconnection Reference Model

Ethernet Communication Services

For communication via (industrial) Ethernet, there are various services in the SIMATIC
environment. These differ with regard to:

e Data security

e Amounts of data

e Data handling

e Routing capability and

e Engineering effort
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Training Document V13.01.01



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIMATIC S7-1200 Advanced Course

5.3.6. Data Flow-oriented and Message-oriented Communication

TCP communication ISO-on-TCP communication

L
100 Dvies 100 bytes ytes
200 bytes 200 bytes
[

[ 200 bytes | | 220 bytes |

[50 bytes | | 13(|) bi/tes | [ 50 bytes | [ 100 bytes |

RFC1006 RFC1006

TCP TCP TCP TCP
]
. G Ethernet Ethernet
Input blocks # Input blocks =
Output blocks Output blocks

Data Flow-oriented and Packet-oriented Communication

When data is transferred with the Transmission-Control-Protocol (TCP), the transmission takes
place in the form of a data flow. Neither information on length nor information about the beginning
and end of a message is transferred. The receiver, however, cannot recognize where a message
ends in the data flow and where the next one begins in the data flow. A read task of the receiver
thus only supplies as much data as is currently found in the receive buffer. This means that
possibly more than one data block can be found in the receive buffer.

This process is well suited for communicating with third-party systems or computer systems.

Behavior of the RFC 1006 Protocol Expansion

In most automation applications it is, however, essential to work message-oriented. Self-
contained message blocks are sent via a connection which is also recognized as such by the
receiver. In order to ensure this, RFC 1006 specifies which information (in the form of a header)
must be added to the data to be transferred.

RFC 1006 thus provides applications which are based on the data flow-oriented TCP protocol
with a message-oriented transmission.
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5.3.7. 1SO-on-TCP Communication
—_— —y
— L]
ISO-on-TCP
F F
|
\L
4
4* RFC 1006 (ISO)
TCP — Transfer Control Protocol RFC - Request For Comments
Background
Historically seen, the ISO Transport Protocol, as Layer 4 interface of the ISO-OSI reference
model, was the first Ethernet protocol in SIMATIC. The great advantage of this protocol lies in the
message-oriented transmission of data whereby the processing within the automation system
becomes easier.
Since, however, the Layer 3 implementation is missing (no IP addresses) with the ISO Transport
Protocol, no network addressing and thus no routing is possible.
ISO-on-TCP

The packet-oriented transmission of data is the great advantage of the ISO Transport Protocol.
However, because of the expanding networking, the missing routing functionality developed into
an increasing disadvantage.

Since the routing-capable TCP/IP protocol became increasingly popular because of the internet,
an attempt was made to combine the advantages of both protocols. In the expansion RFC1006
(RFC = Request for Comments) "ISO on top of TCP", also called "ISO-on-TCP", the mapping of
characteristics of the ISO transport on the TCP/IP protocol is set down. This protocol is available
in all current modules of SIMATIC S7.

Advantages of the ISO-on-TCP Protocol:

e Fast communication

e Suitable for the transmission of medium to large amounts of data (<= 8192 bytes)
¢ Routing-capable (i.e. can be used in WAN)

e Packet-oriented data transmission

e Dynamic data lengths are possible

Disadvantages/Features of the ISO-on-TCP Protocol:

5-6

e Mainly applicable in SIMATIC homogenous structures

e Greater programming effort needed to manage the data
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5.4. Combined Blocks for the Connection Programming

HOET -— -
PLC_]— “TSEND_C_DE"
Options — Sends the data range of parameter
p UEIEE_E ([ || "DATA" to a target station with the
| g = connection data of parameter
: EM EM () f—— "CONNECT"
> | Favorites false —1REQ DONEF.-.
» | Basic instructions talse — BUSY ..
; . 0 ERROR .-
? |Extended instructions % —conneer STTE
? |Technu|ugy 2P DATA
v | Communication — - -
Name e TR
¥ [ ] 57 communication PLC 2 WDE2
~ [] Oper_usercommunication TRCv_C_DE Receives data from a Send station
- oo T T TRCY_C and stores it in the data range
, WTSENDC | @ specified at parameter " DAT,%"
' TRCY.C C . . '
' = ' EN ENO ——n
~ [ Dihers falze —{EN_R DOME ...
W TCOR false —— BUSY ...
2 TDISCON o ERROR —
2 TSEND <70 — COMMECT STATUS
- THCY <7 — DATA RCVD_LEN
mmm._ﬂw-— &

Open User Communication

If the integrated Ethernet interface of the CPU is used for the Ethernet communication, the so-
called "Open User Communication” is used.

Included in the "open" communication services, that is those whose inner structure is open, are
TCP, UDP and 1SO-on-TCP. Connections between SIMATIC controllers which use one of these
services are not configured in the Network view of STEP7 (such as connections to HMI devices)
but are programmed. For this, there are various blocks available in the Instruction Catalog.

Connection-oriented and Connectionless Services

Connection-oriented services, this includes TCP and ISO-on-TCP, first of all establish a
connection to the communication partner and then send the data (also bidirectional). If the
transmission process is completed, the connection is disconnected. All data is acknowledged by
the receiver. The sender resends all unacknowledged telegrams. This is comparable to
telephoning with a telephone. First, a connection is established (dial number + pick up), then,
information is exchanged and in the end you hang up, that is, the connection is disconnected.

Connectionless services, such as UDP, send their data without first establishing a connection,
similar to a "walkie-talkie” (blocks: TUSEND / TURCYV). It can therefore not be ensured whether
the data is received by the receiver. The advantage lies here in the speed, since less
administrative data for flow control have to be sent and interpreted.
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Combined Connection Blocks

5-8

Connection-oriented communication services can be used in two ways:

Single blocks

With the single blocks, targeted connection actions can be executed.
— TCON / TDISCON: connect and disconnect a connection
— TSEND / TRCV: send or receive data after establishing a connection

Combined connection blocks

— TSEND_C: Connect a connection (when Active connection establishment is active) , Send
data and disconnect the connection (when Active connection establishment is active)

— TRCV_C: Connect a connection (when Active connection establishment is active), Receive
data and disconnect the connection (when Active connection establishment is active)

With combined connection blocks, a connection to the communication partner is established,
data is sent/received and the connection is disconnected with just one call.
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5.4.1. Connection Parameterization via Block Properties (Sending Station with
TSEND_C)

Connection parameter | |

Select the target station |

General
Local Partrier
end poi: v PLC_2
point: | | PLC_2 - o
E E UHEPEEIﬁEd
| -
. . | | IP addresses of stations |
Interface: | FLC_1, PROFINET interface ~| | PLC_2, PROFINET interface ~ |
: | .
Subnet: | PIIE_1 L PwiE | | | Select the connection type |
Address: (192168111101 192188011082 |
Connection type: | 150-0n-TCFP 'h' > TCR
Connection |0
(dee) |1 " | UDP
Connection data: |PLC_‘I_Send_DB - |PLC_2_Receive_DB -
(&) Active connection e connection DB for connection data in target

establizhment establish

station (is automatically generated)

Address details DB for connection data in sending

Local TSAR Patther TSAP station (is automatically generated)
TSAP (ASCI: | FLC_] | [FLe2 F—‘|_—|| Establishment of TSAPs
TSAFID: | 50.4C435F.31 | [soacassraz |

Connection Parameterization via Block Properties
The TSEND_C block works connection-oriented, that is, a parther CPU must first of all be
configured. After the block is called, this can be done very easily in the Inspector window under
Properties > Configuration > Connection parameter.

Connection Parameters
e End point

Here, the partner CPU is configured. It can be in the same project (here: "PLC_2"), or a "not
specified" partner is created. In both cases, the addressing of the partner occurs via its IP
address.

e Address

Here, the IP address of the partner is specified. If a specified partner was selected before, its
IP address is automatically adopted. For not specified partners, it must be entered manually.

e Connection type

Via the connection type, a communication service is selected and thus the properties of the
communication.

e Connection ID (dec)

Via the connection ID, the number of the connection within the CPU is specified. Depending
on the CPU used, several simultaneous connections are mastered. The connection ID must
be unique within the CPU. The exact number of simultaneously possible Ethernet connections
can be found in the manual.
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Connection data

The connection data, which the "TSEND_C" block accesses, is stored in a DB. This DB
contains the configured information on the connection type and the partner CPU (IP address
etc.). The DB is automatically created when "New" is selected in the field "Connection data".

Address Details

5-10

TSAP (ASCII)

The Transport Service Access Point (TSAP) is used for ISO-on-TCP communication in order
to address the transmitted data at the receiver. In the network, the receiver is addressed by
means of the MAC address. At the receiver, the received data is first of all stored in the
receive buffer of the Ethernet interface and then fetched from there by the operating system
of the CPU. The application within the CPU is addressed via the TASP-ID.

This type of addressing is comparable to a multiple family dwelling with a collective mailbox
and a caretaker who distributes the mail. In order to now address an occupant, the house
number (MAC address) must first of all be specified. The letter (data) first lands in the mailbox
(receive buffer of the Ethernet interface). So that the caretaker can deliver the letter, the name
of the occupant (TSAP-IP) must also be on the letter.

TSAP-ID
The TASP-ID is automatically generated from the entered TSAP.
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5.4.2. Parameterized Send Block TSEND_C

“wDB1
"TSEMD_C_DB"
TSEHD_C &%
Eml ERO 1

%110.0 DoOrE —i#Done

"send” —RED BLIST =—t®BLsY

TILE I ERRCIF =i BEFOF

] CTATLS #5tatus_TSEMD_C
whB2
"PLC_1_Send_DB" CORMECT
®IBO
"Send_Data 1 _
Byte” —paTa

TSEND_C

The TSEND_C block processes send tasks as follows:

1. Establish connection to the communication partner
2. Send data to parameter DATA

3. Disconnect connection.

Parameterized Send Block TSEND_C

The TSEND_C block has several parameters which are explained in the following.

REQ
If a rising edge is detected at input REQ, a send task is started.
CONT

The input CONT controls the communication connection.

FALSE: The connection is disconnected.
TRUE: The connection is established.

LEN

The parameter LEN specifies the maximum number of bytes which can be sent with the task.
If purely symbolic values are specified at parameter DATA, the parameter LEN must have the
value "0".

CONNECT

In order to parameterize the communication connections for TCP, UDP and ISO-on-TCP, a
connection describing DB with a fixed structure is used. The data structure contains the
necessary parameters which are required to establish the connection. The connection
describing DB is automatically created for a new connection by the connection
parameterization of the Open User Communication when using the instructions TSEND_C,
TRCV_C or TCON.
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DATA

The send data range is specified via the parameter DATA. The addressing takes place via a
pointer to the send range which contains the address and the length of the data to be sent (for
example, "P#DB80.DBXO0.0 byte 20" (pointer to a data range of 20 bytes in DB80, beginning
from bit 0.0)) or symbolically, in order to address, for example, ARRAYs or structures (for
example, "'DB_Parts".Parts_Management" (pointer to the structure variable
"Parts_Management" in "DB_Parts")).

COM_RST
Causes a restart of the instruction:

FALSE: Irrelevant
TRUE: Complete restart of the instruction whereby the existing connection is disconnected
and a new connection is established.

DONE
The status parameter DONE indicates the processing status of the current send task.

FALSE: Task has not yet started or is still being processed.
TRUE: Task was executed without error.

BUSY

The status parameter BUSY indicates whether the current call of the block has already been
completed or is not active since "TSEND_C" is executed asynchronously. As long as BUSY =
"TRUE", no new send task is accepted.

ERROR

The status parameter ERROR indicates with "TRUE" whether errors occurred during the send
task. Error details can be queried at the parameter STATUS.

STATUS

The parameter STATUS delivers a 2 byte HEX code which contains information on the send
state or errors that have occurred.
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5.4.3. Connection Parameterization via Block Properties (Receiving Station with

TRCV_C)

General

End point:

Intetface:
Subnet:
Address:
Cannection type:

Connection D
(dec):

Connection data:

Address details

TSAP (ASCI:
TSAP 1D

Connection parameter

Local

Fartner

| PLC_1 [~]

F- |

| PLC_2, PROFINET inte| = |

| PLC_1, PROFINET inte| = |

|PrAE_1

T |

(192188111102 |

(192188111101 |

[ 150-0n-TCP [+]

i |

i |

|PLC_2_Receive_DE ||

|PLC_1_Send_DB [~]

Ohc’cive connection
establishment

Local TSAF

@ Active connection
establishment

Fartner TSAP

|PLC_2 |

[PLC T |

|50.4C.43.5F.32 |

|50.4C.43.5F.31 |

Connection Parameterization via Block Properties

The TRCV_C block, as well, works connection-oriented, that is, a partner CPU must first of all be
configured. After the block is called, this can be done very easily in the Inspector window under
Properties > Configuration > Connection parameter.

If the partner CPU was already programmed beforehand, and both stations are located in the

same project, only the "connection data" DBs still have to be selected. The rest of the connection
parameters are automatically entered.

Connection Parameters

See page "Parameterized Send Block TSEND_C"
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5.4.4. Parameterized Receive Block TRCV_C

WDE2
"TRCW_C_DB"
TRCY_C éhtﬂll .
ER ERC
%10 DOMNE == #Done
"RECENE" =——En_R ELSY —#Busy
TRUE ==l T ERRCIF =1 #EFrar
1] STATLUS H5tatus_TREC
HRCWD_LEM
YOET RCWVD_LEM _
"PLC_2_

Receive_DE" CONMECT
|

WOED
"RECEIVE_Data_
1_Biyte" — paTa,

TRCV_C

The TRCV_C block processes send tasks as follows:

1.
2.

3.

Establish connection to the communication partner.

Receive data when EN_R = TRUE. When receiving data, the parameter CONT must have the
value TRUE in order to maintain the existing connection.

Disconnect connection.

Parameterized Send Block TRCV_C
In the following, the differences to the "TSEND_C" block are presented.

5-14

EN_R

The receiving of data is enabled (EN_R = TRUE) via the parameter EN_R.

DATA

At the parameter DATA, the data range is specified in which the received data is to be stored.
RCVD_LEN

This parameter outputs the number of actually received bytes after successful receipt.

TIA-MICRO?2 - Introduction to Industrial Communication
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5.5. Task Description: Program CPU-CPU Communication and Send

200 Bytes of Data

CPU 1214C

(1]
(2]
(3]
(4]
(5]
(6]
(7]

L e parts (DB9Y) E

v
Array[1..100] INT

187

=

235

398

129

285

0

W

0

CPU 1211C

.

[1]
[2]

- [3]
[4]
[5]
(6]
[7]

DB_RECEIVE (DB31)
Array[1..100] INT

187

235

398

129

285

0

0

~

Situation Up Until Now

The individual weight values of the produced, valid parts are stored in the ARRAY variable
"DB_Parts".Part_Weight whenever the part has passed through the light barrier.

Task Description

A connection between the CPUs of your training area is to be programmed. Via this connection,
the ARRAY variable "DB_Parts".Part_Weight is to be sent from the controller "PLC_1" to the still

to be configured controller "PLC_2" and stored there in the DB "DB_RECEIVE" in the ARRAY

variable "Receive_buffer".

To minimize data traffic, sending is not to be continuous. Instead, sending is to occur under the
same conditions as the saving of weight values in "DB_Parts".

FC_Send (FC30) - Callin FC_Count (FC18)

— FC_Receive (FC31) - Call in MAIN (OB1)

Blocks
e PLC 1
e PLC 2
— DB_RECEIVE (DB31)
Note

The "PLC_2" controller is given the IP address 192.168.111.114

TIA-MICRO2 - Introduction to Industrial Communication
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5.5.1. Exercise 1: Preparing the CPU 1211C
PLC_1
CPU 1214C

[PN/IE_1: 192.168.111.112 |

[PN/IE_1: 192.168.111.114 |

PN/IE_1 PN/IE_1: 192.168.111.111

1
:
HMI_1 : PLC_2
KTP&00 Basic co... & ! CPU1211C
a :
:
1
:
1

Task

What to Do
1.
2.
3.
4,
5.
6.

5-16

Configure and network the so far unused controller of your training area.

Reset the controller of your training area that hasn't been used up until now to the factory
settings to establish a defined initial state.

Add a CPU of the type S7-1211C to your project and assign the name "PLC_2".

In the Network view of your project, network the new station with the rest of the components.
Assign "PLC_2" the IP address 192.168.111.114.

Assign "PLC_2" the IP address (MB10) in "PLC_2".

Generate a new DB with the name "DB_RECEIVE" and in it create the ARRAY variable
"Receive_buffer" (ARRAY[1..100] of INT).

DB_RECEIVE
Mame Data type

1 <@ « Static
2 <= w Receive_buffer lﬁ.rra}ﬁ..‘l 00] of Int
3 |l L] Receive_buffer[1] Int
4 0 u Receive_buffer[2] Int
5 |4l L] Receive_buffer[3] Int
6 < L Receive_buffer[4] Int
7 -l u Receive_buffer[5] Int
8 |-4d L] Receive_buffer[&] Int
L= N T | L Receive_buffer[7] Int
10 <20 = Receive_buffer[8] Int
11 40 L] Receive_buffer[9] Int
7. Download the modified hardware and software into the controller.

TIA-MICRO?2 - Introduction to Industrial Communication
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5.5.2. Exercise 2: Calling TSEND_C ("PLC_1": "FC_Send" (FC30))

Interface
Mame Data type
T < ™ Input
2 |4Q = Send Bool
3 <4 » Output
4« r InQut
5 < > Temp
o |4 = Cone Bool
7 |4l m Busy Baoal 4DES
& 4] . Error Bool "TSEMD_C DE"
9 g = Status_TSEMD_C Int TSEN_D__C @
10 <@ k Constant
11 <@ = Return EN ENO
#Send — REG DONE —4#Done
TrUE = CONT BUSY —1#Busy
u} ERROR = #Error
YOED STATUS HStatus_TSEMD_C
"PLC_1_Send_DB" COMNMECT
"DE_Parts".
Part_weight — paTa
o — -
Task

In PLC_1, create a new function "FC_Send" (FC30) and in it program the call of "TSEND_C".
What to Do
1. Add the new function "FC_Send" (FC30) to your user program.

2. Call the block "TSEND_C".
Instructions = Communication = Open User Comm. - TSEND_C

3. Implement the connection parameter settings as shown in the following:

Connection parameter

General
Local Fatther
End point: PLC 2 -
Interface: | PLC_1, PROFINET interface = | | PLC_2, PROFINET interface = |
Subnet: |FRAE_1 {2 [PHAE |
Address: [192.168.111.112 N M [192188.111.114 |
Cohnection type: | 150-0n-TCP -
Connection 1D
{dec: |1 K |
Connection data: |PLC_‘I_5end_DB v| |PLC_2_Recei\.fe_DB YM NEW
@ Active connection O Active connection
establishment establishment
Address details
Local TSAP Parther TSAP
TSAR (ASCI): LS | [pc2 |
TSARID: |504C435F.31 | |s04c4ssFaz |

4. Parameterize the block call as shown in the picture above.
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5.5.3. Exercise 3: Calling "FC_Send"
*  Metwork 1: cCount parts, Actual = Setpoint?
"DB_Parts".
Farts_Counter
IS0 041 PRl AN Ty hhAT1E .4
"B_LE" P_TRIG "P_Operation'r Haux_store_wt ¥, Int "M_ACT=3ETF"
PLC_l — ——— & Q | A { } '.' cu g— }—
180 REETTE DS
FC Count "M_aux_Count” o5 "DE_Parts".
— §$/ Farts_
N %Q4'1_ N 4 Management.
F_OQperation P_TRIG o Actual
— ——— & 0 ad R
HkA157
"M_aux_ ORI &))" "DB_Parts".
Farts_
. BhATE 4 . . R . Management.
M_ACT=SETF S_BaylB" Setpoint _ py
| | | F=—
» Metwork 2: .. ',"
¥  Hetwork 3: '0'
': #aux_store_wt—‘:s.gnd
Task
Call the new block "FC_Send" (FC30) in "FC_Count" (FC18) and assign the parameter "Send"
the same RLO as the counter input "CU".
What to Do
1. Open "FC_Count" (FC18) and call "FC_Send".
2. Assign the input "Send" the RLO of the counter input "CU".
3. Download the entire user program into the controller "PLC_1".
(== Inthe call of "FC_Send" pay attention to the call sequence within "FC_Count"! In NW2,
- "FC_Ind_Weight" is called. Only after the current part weight has been stored in
DB_Parts, can "Part_Weight" be sentto PLC_2.
5-18 TIA-MICRO?2 - Introduction to Industrial Communication
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5.5.4. Exercise 4: Calling TRCV_C ("PLC_2": "FC_Receive" (FC31))

PLC_2: FC_Receive

EM
frue —|EN_R
TrUE == CONT
0
WOE
"PLC_2_
Receive_DB" — | coMMECT

"DBE_RECEIVE". |
Receive_buffer —|pata,

WOE2
"TRCY_C_DB"
TRCV_C @q
ERC

DoOME —&#Dane

BLISY =t &#Eusy

ERROR —4 #Errar Temp

STATUS #Status_TRCY_C
RCYD_LEM #RCWD_LERM
-

Task

In PLC_2, create a new function "FC_Receive" (FC31) and in it program the call of "TRCV_C".

Then call "FC_Receive" in OB1 an

What to Do

d transfer the entire user program.

1. Add the new function "FC_Receive" (FC31) to your user program.

2. Call the block "TRCV_C".
Instructions = Communicatio

n - Open User Comm. 2 TRCV_C

3. Implement the connection parameter settings as shown in the following:

Connection parameter

General

Local

Farther

End paoint:

| [FL 1 [+]

Intetface: | PLC 2, FROFINET inte] = | [ FLG 1, PROFINET inte = |

Subnet: | PR/E_1

| = [PriE_1 |

Address: |192.168.1‘I‘I.‘I 14

| |1sz1ea111.012 |

Connection type: | 150-on-TCP ﬂ

Cannection D

{dec): |‘I |

[ |

Connection data: |PLC_2_Receive_DB |V| |PLC_‘I_Send_DB |V|

() Active connection
establishment

Address details
Local TSAP

() Active connection
establishment

Fartner TSAP

TSAR (ASCI): |FLC_2

| |Pc |

TSAF ID: | 504C435F 52

| |soacasse: |

TIA-MICRO?2 - Introduction to Industrial Communication
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Result

5-20

4, Parameterize the block call as shown in the picture above.
5. Call"FC_Receive" in OB1.

6. Download the entire user program into PLC_2.

Due to the TRUE signal at EN_R, receiving is continuous. The received data is stored in the DB
variable "Receive_buffer".

TIA-MICRO?2 - Introduction to Industrial Communication
Training Document V13.01.01



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

SIMATIC S7-1200 Advanced Course

5.5.5. Exercise 5: Function Test

)
%
s b RezodE BT {
DB_RECEIVE 1
Marne Data type Start value Maonhitor value Retait 3
1 <0 ™ Static g
2 4] ® w Peceie_buffer Array[1..100] of Int D {
3 |« u Receive_bufer[1] Int ] 193 }
4 g ] Receme_buffer[2] Int 1] 184
T = Receive_bufter[3] Int 1] 230 ‘i
£ |-am L] Receive_buffer[4] | Int 1] 154 !
| ] Receive_buffer[s] Int n 274 %
g -l u Receie_buffer[s] Int I 135 j
=T u Receive_bufer[7] Int ] 1] l
10 -3 ] Receme_buffer[d] Int 1] 1] i
N x Resgebuedlal i o 8 o LLd

Task
Check whether the communication between PLC_1 and PLC_2 works. For this, monitor
"DB_RECEIVE" of PLC_2. First of all, no data is displayed. Only after a part has passed through
the light barrier is a send sequence triggered and the 200 bytes in total of data is sent to PLC_2.
TIA-MICRO?2 - Introduction to Industrial Communication 5-21
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5.6. Additional Information
Note

The following pages contain either further information or are for reference to complete a topic.
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5.6.1. UDP Communication
—_— —_—
[___] [___]
UDP
I — I —
UDP

User Datagram Protocol

The UDP protocol was introduced to transfer data quickly and straightforward. The UDP protocol
is located in Layer 4 (transport layer) of the ISO-OSI reference model and thus is also based on
the IP layer. The receiver of data is therefore addressed with the help of IP addresses. The data
packet to be sent is only increased by a minimum of administrative information so that a higher
data throughput compared to TCP/IP results.

Because of the demand that data be transferred quickly, the UDP protocol merely provides basic
functions. Hence, data can be exchanged between communicating partners with a minimum of
effort. Security mechanisms as they exist for TCP/IP are thereby dispensed with. The UDP
protocol is connectionless and packet-oriented.

Advantages of UDP

Very fast data transmission

Very flexible, ideal for use with third-party systems
Routing-capable

Multicast / Broadcast capable

Suitable for small to medium amounts of data (<= 2048 bytes)

Disadvantages of UDP

Lost data packets are not resent
Multiple deliveries of individual packets are possible

The arrival sequence of packets at the receiver cannot be predicted
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5.6.2. TCP Communication

— —
— L]
TCP
e » e
TCP

Transmission Control Protocol

When data is transferred with TCP, the transmission takes place in the form of a data flow.
Neither information on length nor information about the beginning and end of a message is
transferred. The receiver, however, cannot recognize where a message ends in the data flow and
where the next one begins in the data flow. For that reason, the sender must define a message
structure which can be interpreted by the receiver. The message structure can be composed of,
for example, the data and a concluding control character such as "carriage return”, which signals
the end of a message.

In most cases, TCP is based on the IP (Internet protocol) and so you also talk about the "TCP/IP
protocol”. It is established in Layer 4 of the ISO-OSI reference model.

Advantages of the TCP Protocol:

Fast communication

Suitable for the transmission of medium to large amounts of data (<= 8192 bytes)
Routing-capable (i.e. can be used in WAN)

Flexible, can be used with third-party systems

Acknowledged

Disadvantages of the TCP Protocol:

5-24

Only static data lengths can be transmitted
Greater programming effort required to manage data

Data is transmitted as data flow
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5.6.3. S7 Communication
e———— e———
— ]
S7 communication (PUT/GET)
e e

S7 protocol \

S7 Communication

The S7 protocol is supported by all available S7 controllers and communications processors. As
well, PC systems with the appropriate hardware and software equipment support communication
via the S7 protocol. The S7-400 controllers use SFBs, the S7-300 and 1200 controllers use FBs.
These functions are available regardless of the bus system used so that you can use the S7
communication via Industrial Ethernet, PROFIBUS or MPI.

Advantages of the S7 Protocol:

Regardless of the bus medium (PROFIBUS, Industrial Ethernet (ISO o. TCP), MPI)
Applies to all S7 data areas

Transmission of up to 64KByte in one task

Layer 7 protocol independently ensures for acknowledgement of the data records

Low processor and bus load in the transmission of larger amounts of data since it is optimized
for SIMATIC communication

Disadvantages of the S7 Protocol

Manufacturer-dependent, the S7 protocol is only implemented in the SIMATIC S7 spectrum.

Not compatible with S5 communication.
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5.7. Connections

HMI_1

PLC_1
CRU1214C KTP&0D Basic co... D

¥ Hevworc L1 comectons |57 comecton ||| £ reletions 2 85

| ___.

@ ¢

10 device_1
IM 157-3PN

PLC_1

Connections I}

=
¥ Local connectio

TP-CPU
PLC_2
CPU1211C

oy —
¥

g, Fibaln

57_Connection_
57_Connection_

[ w7

PRYIE_1

i et s o el A

<€

E |E Topology view Iﬁﬁh Network view !'f Device view
- r= [0 . . " P Ly
ns n —a | Metwork overview I Connections I Relations " YO communication " VPN |
t{ Local connection narne Local end point Local ID (hex) | PartnerID (hex)  Partner Connection type
TP-CPU [ Hwi =/ PLc | =] HMi connection
i FG - 57_Connection_ Il FLc 100 100 Wrcz 57 connection
H KTPE0D Basic co... %1 57_connection_1 [N ric_z 100 100 [N e 57 conhnection
3 Ll T
] -
1
3
i
5
R P 5]
5.7.1. Connection Resources
PLC_1
CFU1214C
|§ Properties ||"_i.'.lnfu ”ﬂ Diagnostics
J General || 10 tags || System constants || Texts |
b FTOSIPWMS c i
onnection resources
b FTOAPWMA
Startup
Cycle Awailable connection resources reserved for

Cammunication load -

Systern and clock memory

-

web server
Userinterface languages

Tirne of day

T =W T <7

Protection

Maxirmum number

Overview of addresses

QpEn User cormmunication:

Free awvailable connections:

PG cormrmunication:

HMI communication:

57 comrmunication:

available resources:

already configured:
Already configured: EI
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5.8. Diagnosing the Open User Communication

&
PLC_1 et200s PLC_2 HRAI_
CPU 1214C IM151-3PM CPU12711C KTP&00 Basic PM
PLC_1
prnE 1L 1
PHJIE_T
Go online

= In the connection table you can see the status
of the connections Next page

=  You will find further details in the Inspector
window

5.8.1. Connection Tables and Connection Information

|§ Topology view |'5j3, Netwo_ik vi_ew |0y Device view

' J Network overview ] Connections ||Relatiuns " VO communication || VPN ]
=" D, W
2} ¥{ Local connection name Local end point Local ID (hex) PamtneriD (hex) Partner Connection type
= 4 TP-CPU Fﬂ HMI_1 N FLc HMI connection
m a__ 1 315_{1-;'31'; 112
E nnection_192.16¢ ﬂ [l 168.111.114
= —_ =
EP{operties ||"_i.;lufu fi} Diagnostics ]
Device information | Connection information | Alarm display |
i |

Connection details

Connection address details Connection detalls

Connection name: | Programmed open user communication_192.168.111.102_1

Local ID (hex: 1

il Connection type: :Pﬂ:ugrammed OUC connection

| Protocol; [I50-on-TCP

online status: EConneql_:ing

Details: |-Fali'|'i:y._c_onn ection exists only online. The active end of a connection is |
attempting to connect.
|
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Objectives

R -
SITRAIN
TIA-SERV3/ Introduction to Communication

At the end of the chapter the participant will ...
. be familiar with the principle of CPU-CPU communication

. be familiar with the features of the transport protocol "ISO-

. be familiar with the features of S7 communication and will be

. be able to create a communications connection between 2

SIEMENS

on-TCP" and will be able to use it

able to use it

CPUs

Page 2 Siemens AG © 2015
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N¢

Goal of this Chapter: SIEMENS
Data Transmission to S7-1200 (Distributor Switch)

I Display of the transferred data |

SITRAIN
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Differentiating Criteria SIEMENS
of the Various Communication Services

SITRAIN

Differentiation of the communication services regarding:
e Data security regarding Receive check (unsecured, secured)
e« Amounts of data (72 bytes to 64 KBytes)

¢ Data handling
— configured, continuous connection between two CPUs
or dynamic connection establishment and disconnection
— one-way or two-way initialization of a Send process

e Open communication (standardized, manufacturer-independent)
or SIMATIC-specific (manufacturer-dependent)

TIA-SERV3/ Introduction to Communication Page 4 Siemens AG © 2015 /
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Open Communication - Open User Communication

— Instructions

Project tree m 4
Devices
50O = 2

¥ ] My_Project
EAdd W devicel No configured S7 connection

required

SIEMENS

AN

Options

\ iy it

Favorites

Basic instructions

Extended instructions

Technology

(VVVV

Communication

Name

Description

» [ ] 57 communication

Combined instructions
(establish connection, disconnect and data transmission)

Separate instructions
(establish connection, disconnect, data transmission)

© Medium to large amounts of data (max. 8192 bytes)
© Secured communication possible
® One-way initiated connection establishment

® Unsecured data transmission
no repetition in case of transmission loss

3 T_RESET
4 T_DIAG
2 T_CONFIG

Towre cone

»

Open user communication

Send data via Ethernet (TCP)
Receive data via Ethernet (T...
Send e-mail

Establish communication c...
Terminate communication ...
Send data via communicati...
Receive data via communic...
Send data via Ethernet (UDP)
Receive data via Ethernet (U..
Resetting the connection
Checking the connection
Configure interface

SITRAIN
TIA-SERV3/ Introduction to Communication Page 5 Siemens AG © 2015 ‘
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Open Communication - Open User Communication

SIEMENS

— Combined Instructions TSEND_C and TRCV_C

|8, Properties | %4 Info li] Diagnostics
General Configuration I
ek CONNECtion paramete QF‘ = [~
; || Connection pafameter =
Block parameter (/] =
Overview of the configured connections | General
STSEND_C_InstanceDB]
TSEND_C %
#AdjustmentSwitch. o P
newBayPosition — EN
#ConnectionEsta #TRCV_C_InstanceDB
blishedSendREQ — REQ TRCV._C 1E|€[
#Sended —0 CONT ) G|
= 4—LEN DONE — #done_send -.—EN
=) 1";)0%6 J BUSY — #busy_send true — EN_R
dm it ERROR — #error_send 1— CONT DONE — #done_receive
Send_DB CONNECT STATUS — #status_send 4 — LEN BUSY — #busy__receive
#AdjustmentSwitch — DATA = ENO — “DB1 ERROR — #error_receive
$7_1200_ v STATUS — #status_receive
Fecerve._ Do CONNECT RCVD_LEN P #len_receive
transmit no optimized DBs, when S7-1200 <> S7-1500 #AdjustmentSwitch — DATA v ENO —
CONT Communication connection LEN max. length of the Send or Receive task
1 = establishand hold, 0= disconnect =0 for optimized DBs
CONNECT Pointerto the structure for connection description REQ Edge 0—1 starts Send task
DATA Pointer to the Send or Receive area
DONE 1 = completed without errors; 0= no task or still in processing EN_R 1 = Receive activated

BUSY 0 = finished or no task; 1= in processing

RCVD_LEN actually received amount of data in bytes

SITRAIN
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Open Communication - Open User Communication SIEMENS
— Connection Data for TSEND_C

k=)

General "Configuration I

TSEND_C

|6 Properties  |%jinfo | % Diagnostics |

Connection parameter & Connection parameter E
Block parameter (/) El
: General
Overview of the config...
Local Partner
- End point: |S7_1500 $7_1200 v
v g System blocks pot | = | [ = ’_1
v 4 Program resources
2 TSEND_C [FB1030]
@ $7_1500_Send_DB [DB6]
Interface: | S7_1500, PN-X1[X1] [+] | $7_1200, PROFINET-Schnittstelle_1[X1 : PN/ v
Subnet: |PNIE_1 T |
|
N Address: [192.168.111.32 [192.168.11133 |
N Connection type: | 1SO-on-TCP - .
I Configuration B
mode: [ Use program blocks F] R _\
Connection ID
@ec): [1 Bl N\
Cor :w-,{.su 500_Send_DB [+ |S7_1200_Receive_DB ¥
DBs with c‘_)nneCt'on data are (@) Active connection establishment () Active connection establishment
automatically generated
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Open Communication - Open User Communication

— Connection Data for TRCV_C

= Yo

General [Configuration |

SIEMENS

Connection parameter &

Block parameter (/)

| & Properties | ", Info | &) Diagnostics
Connection parameter E
=l
General
Local Partner
End point: |S7_1200 | Yls7_1500 [+
Interface: | S7_1200, PROFINET-Schnittstelle_1[X1 : PN v | [ $7_1500, PN-X1[X1] [+
Subnet: | PNIIE_1 | = [Pnie_1 | L1

Connection type: | ISO-on-TCP

T VI T A

Address: 192.168.111.33

[192.168.111.32 |

v

Connection ID

(dec): | 1

K \

[Conner.tion data: |S7_1200_Receive_DB

[~] |57_1500_Send_DB F]]

Assign DBs with connection
data from TSEND_C

—
(O Active connection establishment

=
(®) Active connection establishment

SITRAIN
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Exercise 1: Connecting the S7-1200 Training Device
and Resetting It

Task Description:
The second training device with the S7-1200is to be
connected and reset.
e Connectthe S7-1200 CPU
o Delete the S7-1200 CPU
— Reset to factory settings
e Determine the S7-1200 CPU version
— Assign a temporary |P address
— Read-out the version online

v (1 Online access
{ Displayhide interfaces
v Lg Intel(R) 82574L Gigabit Network Connection n;,
#? Update accessible devices
v [ Accessible device [00-1B-1B-14-21-Dg]

SIEMENS

.~ 4
0 Online & diagnostics Y A\
» Cm $7_1500 [192.168.111.32] v Diagnostics
» [ touchpanel [192.168.111.31] @
» ﬁ et200sp_serv3 [192.168.111.34] v Functions
Assign name ‘
SITRAIN
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Exercise 2: Adding the S7-1200 CPU, Networking It,

Assigning Parameters

Project tree
Devices

OO J Devices |

Name _Z o c :.)
v _] My_Project Name
............ W Addnewdevice sy | wy_Project

sy Devices & networks
» [ $7_1500 [CPU 1513-1 PN]

B Add new device
% Devices & networks

SIEMENS

LS [Sroperties |

o 4
Project tree o 4 | General I0 tags | System constants | Texts

» General

System and clock memo| ]

» Web server

Time of day

— Clock memory Byte: 10

— Time zone \

24l

PR F'y" G, Properties Il"

$7_1500 ET200SP_SERV3
CPU 1513-1 PN IM 155-6 PN ST
$7_1500

PN/IE_1: 192.168.111.34
PN/IE_1: 192.168.111.32

» E?Touchpanel [TP700 Comfort]  » |5 S7.1200 [CPU 1211C DC/DCIDC] General | 10 tags [ Systemconstants | Texts
» 4§ common data » [ 57_1500 [CPU 15131 PN] General
» [ Touchpanel [TP700 Comfort] — |IP address 192.168.111.33
» §§ Common data Time synchrenization
Pro D 0
|E'" Topology view ||ﬁn Network view—][lf De}i
g% Network %3 Connections |HIM connection [~] & ]@ H @

Touchpanel $7_1200 B (
TP700 Comfort E CPU 1211C iV.45
$7_1500

f
PN/IE_1: 192.168.111.33

—

PN/IE_1: 192.168.111.31[11

SITRAIN

TIA-SERV3/ Introduction to Communication Page 10 Siemens AG © 2015 ‘
Aufgabenbeschreibung
SITRAIN TIA-SERV3

Training for Industry Seite 10

Einfihrung in die Kommunikation



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

Exercise 3: SIEMENS
Setting Up the Send/Receive Data Area and Displaying It on TP

S

~ [£] 57_1200 1 4@ v Static
@ DB_DistributorSwitch_DB3 2 41 = v ControlData *PlcDt_DistributorSwitch®
] PLCdatatype_PlcDt_DistributorSwitch 3@ -» newBayPosition Bool false
~ [£] 57_1500 4 @ = TargetBay Int 0
@ DE_Distributorswitch_DB3 (&= Atfirst, screen only shows info "no Data"

] PLCdatatype_PlcDt_DistributorSwitch
v [%z] Touchpanel
S HMitags_S7_1200_DistributorSwitch
I | Screen_Distributor

SIMATIC HMI

11/16/2015 _6:17:30 A4

Adjustment of the Distributor switch

no Data

Copy objects from the course library and commission the
visualization of the data of the S7-1200.

e Copy objects
e Configure the HMI connection of the S7-1200 to the touchpanel
e Configure the screen selection in the screen:
— StartScreen
— Conveyor —
Touchpanel §7_1200
TP700 Comfort D CPU1211C
 — HMI_Connection_2 [-=====
SITRAIN
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Exercise 4: SIEMENS
Sending the ‘Adjustment Switch’ Data to the S7-1200

' £} Chapter09_d] ¥  Network 1: Receive data
« [&] 57_1200
4 FB_SwitchdataReceive_FB5 I:ST:Z?C;%B
@ iDB_FB_SwitchdataReceive_DB5 —lﬁ TRCV_C — m
4 OB_Cycle_AdjustmentSwitch_0B123 % |
v [£] $7_1500
4 FB_newBay_FB4
4 FB_SwitchdataSend_FBS
@ iDB_FB_newBay_DB4
@ iDB_FB_SwitchdataSend_DB5S
3 OB_Cyclicinterrupt_AdjustmentSwitch_OB31

¥  Network 2: Establish connection and send data

#TSEND_C_
InstanceDB

TaSk Description: Connection data: ﬂij\

Copy objects from the course library and configure

the connection of the Send/Receive instructions.

e Copy objects Connection data: |[S7_1500_Send_DB [+

e S7-1200 TRCV_C (®) Active connection establishment
Configure connection to S7-1500-TSEND_C [57_1200_Receive_DB [+]

e S7-1500-TSEN D_C () Active connection establishment

Configure connection to S7-1200-TRCV_C
Connection type: v

I Display of the transferred data

SITRAIN
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S7 Communication SIEMENS

— Instructions

Configured S7 connection required

Project tree o 4 $7_1500 $7_1200
= CPU 1513-1 PN CPU 1211C
Devices

50O 3 : —
¥ ] My_Project U ;
I Add new device ﬂc $7_Connection_1 Fe—mcmcmce - —
'“’ Connections :S7 connection WH - _
st
Options
© Fast communication optimized to SIMATIC > | Favorites 2_.
© Secured transmission > | Basic instructions g
® SIMATIC-specific > | Extended instructions §'
“w
> | Technology
| One-way communication services | v | Communication
s . N Descripti
© One-way initiated data transmission ":e — cenpron
o X 7] 57 communication
® Limited amounts of data max. 880Byte (depends on the CPU) & GET Rendldataharn ale motalcEl
3 PUT Write data to a remote CPU
D % v
| Two-way communication services | ot i
3 USEND Send data uncoordinated
© Co-ordinated data transmission possible 2 URCY Receive data uncoordinated
© Large amounts of data max. 64KByte (BSEND/BRCYV) 4 BSEND Send data in segments
® Not supported by S7-1200 - 4 BRCV Receive data in segments
SITRAIN
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S7 Communication
— Configuring an S7 Connection

SIEMENS

J Network overview

B [ Device configuration m

ff Local connection name | Local end point Loc;lD (h;x) Partner ID (hex) | Partner
$7_1200 100 100

“Connections | IO communication HVPN ::

$7_1500

] S7_Connection_1
| L $7_Connection_1

Il s7_1500 100 z)| 100

]_d. Properties ]Igilnfo

I&l Diagnostics |

J General ||10 tags HSystemconstants HTexts |

Project tree o 4
Devices
OO e General
= Local ID
e
& Add new device

Address details

Devices & networks

Special connection properties

Local end point
One-way

[V Active connection establishment

— ey
$7_1500 | — $7_1200 =
CPU 1513-1 PN E L
: T T ~
configured 1 M
connection 1
ek mmcmen §7_CoNNection_1 e
v
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S7 Communication

SIEMENS

— One-way Communication Service PUT/GET

~ [ $7_1500 [CPU 1513-1 PN]

iLg

G, Properties |

[V Permit access with PUTIGET
communication from remote
partner (PLC, HM), OPC, ...)

;| =

LY
DB10

~ [ $7_1200 [CPU 1211C DO/DC/DC]

o Device configuration ]
% connections [57 connection v m 4 =
Local connection name  Local end point Local ID (hex) | Partner ID (hex m
S7_Connection_1 [. S7_1500 100 100
$7_Connection_1 Il s7.1200 100 100

Fi e.g. write
-~

EN
#sendREQ — RE

W#16#100 — ID!
P#DB10.DBXO

0BYTE 14 — ADDR_1
P%DB10.DBXO.

Operating system (—— o s

e

E

E

/_oo Local ID from S7 connection |
E R —iFerror_send

STATUS — #status_send

| Target address Partner |

(] Optimized block access | Source address and data length |
SITRAIN
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S7 Communication
— Connection Data for PUT/GET

SIEMENS

PUT | GET A
Remote - Variant Remote - Variant
|9 Properties | "iyInfo i) I %] Diagnostics
General || Configuration |
Ol connect .
Hlock pamyneier ® onnection parameter
General
Local Partner
End point: [S7_1200 | | [s7_1500 [cPU 1513-1 PN] [+]
N Interface: | $7_1200, PROFINET-Schnittstelle_1[X1 :Av|  |57_1500, PN-X1[X1] [~
i Subnet: |Ethernet | ®_|Ethernet |
r Subnetname: |PN/IE_1 | [P |
Address: [192.168.111.33 | [192168111.32 |
Connection ID (dec): I‘IOO I
[Connecﬁon name: S7_Connection_1 [+
I»#] Active connection establist = = =
N | |aSS|gn configured S7 connectlonl
One-way
SITRAIN
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~ [ $7_1500 [CPU 1513-1 PN]

S7 Communication SIEMENS

— Two-way Communication Service xXSEND/xRCV

|”’ Connections| | S7 connection m‘

Local connection name  Local end point  Local ID (hex) Partner ID (hex
$7_Connection_1 Il s7_1500 100 100
S7_Connection_1 m S$7_1500 | 100 100

Instructions:

-URCV B
-BRCV

Instructions:
- USEND I

-BSEND ) Receive buffer

(operating system)

Instructions:

-URCV B
-BRCV

Instructions:

I - USEND I
Receive buffer (s " - BSEND
(operating system)
BSEND/BRCYV - coordinated sending USEND/URCYV — uncoordinated sending
SITRAIN
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Life Bit Exchange and Time Synchronization SIEMENS
between Communication Partners

Use case
Problem: e« S7 connections that are utilized one-way are also executed in CPU STOP
= user program does not know whether its partner is in RUN
e Entries via operator panel are made via the operating system
= user program does not know whether operator panel is operational
Solution: Transfer a life bit
between the devices
5“1010101010._‘
Problem: e Time stamps for messages, time-controlled sequences are based on the device's system time
= each device has its own independent clock for its system time
Solution: Synchronize the time
between the devices
SITRAIN
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Life Bit Exchange
between Communication Partners

SIEMENS

v (3 Touchpanel [TP700 Comfort]

‘Z, Connections

I Parameter I’Area pointer |l

Active | Display namefc tag | Access mode Address  Length
o) HM‘ConnectionJP M Coordination” DB_CoordinationPLCs LifebitHMI [ .| <symbolic access>[~] 1
(g - R -

"DB_CoordinationPLC".LifebitHMI
— "DB_CoordinationPLC" LifebitHMI.X2

T . O

~ [ $7_1200 [CPU 1211C DC/DC/DC] “DB_
m Device configuration ‘ CO?'EEZE;?EELCS
——————————— %X2
’“ Connections| | S7 connection m‘ J S ———
WM103 a PUT o
*Clock_2HZ — —_ Remote - Variant ELY’J
EN ENO
" . P wy s f #sendREQ — REQ DONE —i#done_send
DB_CoordinationPLC".LifebitPLC Ws1esioo = ERROR —t #error_send
——)"DB_CoordinationPLCs" LifebitPLC P#DB10.DBXO STATUS — #status_send
0BYTE 14 — ADDR 1
|...|...|...|X.| P#DB10.DBX0
0BYTE 14 —SD_1 =
SITRAIN
TIA-SERV3/ Introduction to Communication Page 19 Siemens AG © 2015 ‘
SITRAIN TIA-SERV3
Seite 19

Training for Industry

Einfihrung in die Kommunikation



Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr

Time Synchronization SIEMENS
between Communication Partners

- Connections

- A

[mpinichpanelNEZ00iComioif] Name Communication driver HMI time synchronization mode |Partner
s HM_Connection_1  SIMATIC 57 1500 [slave ~]s7_1500

LELEERTTY --------.4_———“. —

| f ENO
-J ’“’ Connections| | S7 connection m‘ RET_VAL — #RetVal
WR_SYS_T OUT — #Time_1500
DTL
—EN ENO #PUT_InstanceDB
#Time_1500 — IN  RET_VAL — #RetVal PUT
Ime= = e #TimeNEW Remote - Variant @@
EN ENO
"DB_CoordinationPLCs".DateTime_1500 #sendREQ — REQ DONE —i #done_send
i W#16£100 D ERROR —i #error_send
) Datatype: DTL P#DB10.DBX14 STATUS — #status_send
O BYTE 14 — ADDR 1
P#DB10.DBX14.
0BYTE 14 —SD_1 v
SITRAIN
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SIEMENS

Exercise 5: Configuring an S7 Connection

Project tree o 4

Devices
50 ©

Name

Sl dll My_Project » Devices & networks - X

E Topology view lﬁg,, Network view [[lf Device view

¥ ] My_Project
B¢ Add new device

| Network overview

II Connections

I/0.communication “ VPN I

%, Devices & networks - """
(18 $7_1200 [CPU 1211C DC/DC/DC]
[/ S7_1500 [CPU 1513-1 PN]

[ Touchpanel [TP700 Comfort]

[g§ Common data

| vam |~ |

»
»
»
»

¢ Local connection name | Local end point | Local ID .. Partner ID.. Partner
Il s7_1500 100 100
Il s7_1200 100
[E Touchpanel
E Touchpanel

S7_Connection_1
S7_Connection_1
HMI_Connection_1
HMI_Connection_2

Connection type
Il s7_1200 S7 connection
100 Il s7_1500 57 connection
[l s7_1500 HM connection
Il 57_1200 HMI connection

My_Project » Devices & networks

E‘ Topology view [ﬁgh Network vieNﬂf Device view |

3 Network[ % Connections| |57 connection

$7_1500
CPU 1513-1 PN

configured
connection

ET200SP_SERV3

5] AR J==HCR =

v

' N
L~ i am ¥
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SIEMENS

Project tree o 4

l—‘D .
e;t:; = 57_15 513-1F av |’el Properties | %} Infc
4 = R T

_] General || 10 tags " System constants || Texts |

Name
¥ ] My_Project v Protection
I Add new device

g Devices & networks

Security event l
» [ S7_1200 [CPU 1211C DC/DC/DC] e 4 )

~ [ 57_1500 [CPU 15131 PN]
m Device configurati
%] Online & diagnostics

LS |
o5 Chapieos_coordination
v [&] 57_1200

@ DB_CoordinationPLCs_DB10 #PUT_InstanceDB

4 FB_CoordinationPLCs_FBS L _ PUT 3

= - T - Variant

@ iDB_FB_CoordinationPLCs_DB8 lEN k_
3 OB_Cyclicinterrupt_CoordinationPLCs_OB30 “ e b

v (%] $7_1500 General

__» 8 DB_CoordinationPLCs_DB10 oenl Pariner

@ Permitaccess with PUTIGET ¢ ication from partner (PLC, HMI, OPC, ...)

¥  Network 3: Send life bitand time

End point: |S7_1200 | [s7_1500 [cPU 1513-1 PN] [+
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Exercise 7:
Checking the Time and, if necessary, Sending an Update

Project tree o 4
Devices : : OV [e Properties | '} Infc
) =

_] General " 10 tags " System constants || Texts I

Name
SiT== &
B¢ Add new device
& Devices & networks
~ (1§ $7_1200 [CPU 1211C DODC/DC]
m Device ¢ i ]

s

Connection mechanisms

%] Online & diagnostics [V Permit access with PUTIGET ¢ ication from partner (PLC, HMI, OPC, ...)

L 47} Chapter09_Coordination; . :
- o
» [i] 57.1200 Network 3: Ifrequired then send time
v (&2 $7_1500 #PUT_InstanceDB
™ 4 FB_CoordinationPLCs_FB8 — PUT N
e e #TimeNEW Remote - Variant b
@ iDB_FB_CoordinationPLCs_DB8 11 EN
= = S LI )
3 OB_Cyclicinterrupt_CoordinationPLCs_OB32 -
General
Local Partner
End point: |S7_1500 | [s7_1200 [cPu 1211c DCiDCIDC) [+

Connection name: | S7_Connection_1 =

[ Active connection establishment
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Exercise 8:

SIEMENS

Monitoring the Online Connection CPU «—~ CPU

& FB_Lifebit_FB11
@ iDB_FB_Lifebit_DB11
4 OB_Cyclicinterrupt_MonitoringLifebit_OB33

“OB_Cycliclnterrupt_MonitoringLifebit“
(OB 33) (Cyclic time 150ms)

acknowledge

Check the inverting of Life bit FB,T;-'

L

=0
"DB_CoordinationPLCs".LifebitPLC _ #1 SRE =
‘ "DB_CoordinationPLCs".LifebitPLC.X2 s S ‘\\_\\ FB11] "P_Hom"
=0 > ok (Q4.7)
T ok
> 5s no change -+— Error —— [ﬂ:ﬁiﬂ:
=1 ] __--» 0k
Vis-=="7"
=0
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Exercise 9 (Additional):

SIEMENS

Monitoring the Online Connection CPU «— TP

Expand DB by 1 Word for
area pointer “Coordination”

Activate the area pointer “Coordination”
and set it to the data area in the CPU
v [} Touchpanel [TP700 Comfort]
JIY Device configuration
%/ Online & diagnostics
Y Runtime settings
» r,E] Screens
» rﬂ] Screen management

» [ HMitags
%, Connections Wi
Connections
Name Communication driver

5& HMI_Connection_1  SIMATICS7 1500

[ Farameter [ Ares pointr

,'DB_CoordinationPLCs".LifebitHMI
‘ "DB_CoordinationPLCs".LifebitHMI.X2

“OB_Cycliclnterrupt_MonitoringLifebit
(OB 33) (Cyclic time 150ms)

Check the life bit CPU1200

Check the life bit HMI % I

Expand the life bit
monitoring

Active | Display name fgt;g i

Access mode

Address | Length

™ Coordination * DB_CoordinationPLCs LifebitHMI | ...[ <symbolic access>|w] 1
[[] Dateltime <ndefined> <symbolic access> 6
[} Jobmailbox '<Undefined= <symbolic access> 4

<symbolic access> 5

() .patarecord. <Undefined>
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SIEMENS

Additional Information

SITRAIN
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Call Interface Communication Instructions

— Optional Parameters

SIEMENS

GET [ PUT PUT (%
Remote - Variant N Remote - Variant alt, Remote - Variant l
EN ENO — EN ENO —— EN ENO —
— REQ NDR —i... ...— REQ DONE =—i... -.=—JREQ DONE —...
D ERROR —i .. .. ID ERROR —i... - == D ERROR —...
ADDR_1 STATUS . ADDR_1 STATUS — ... «777>— ADDR_1 STATUS
RD_1 - SD_1 vR
; ; — SD_1
Read/write a max. of 4 data areas in one call
) TRCV_C =% &Y
TSEND_C a9 = - EN ENO ——
EN ENO —— —EN_R DONE —... -=—EN_R DONE —...
..— REQ DONE —i... <?77>— CONNECT BUSY — ... ~— BUSY —...
75— CONNECT BUSY —i... <277 — DATA ERROR —i... ERROR —i...
DATA ERROR —1... STATUS -— STATUS
. STATUS — ... RCVD_ LEN — ... <277> — CONNECT RCVD_LEN
- <?77> — DATA
CONT 1 = Establish communication connection and hold — -
0 = Disconnect communication connection ===
LEN Data length, when no symbolic variable from optimized data area
ADHOC  Ad-hoc mode for connection type=TCP
ADDR Pointer to the address of the Sender for connection type=UDP
COM_RST 0 =irrelevant; 1= connection is reset, if necessary, active data transmission is aborted
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Overview SIEMENS

— Communication Services according to the ISO/0SI Communication Model

S7 communication
ISO-on-TCP

TCP
LT wor

1

5-71 S7 protocol

41 RFC 1006 (ISO) ‘
_ TR | uor

ternet protocol

Layer

*) Protocol expansion fora
Differentiation of the communication services regarding: message-oriented data transmission
« Data security regarding receive check (UDP unsecured, TCP secured)
e Amounts of data and summary of the contents (Data flow UDP/TCP or message-oriented RFC1006)
e Open communication (standardized, manufacturer-independent) — UDP, TCP, RFC1006
SIMATIC-specific (manufacturer-dependent) — S7 communication
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