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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-MICRO?2 - 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), 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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Introduction to PROFINET 10

PROFINET (similar to PROFIBUS) is used to connect distributed 1/0s 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-MICRO?2 - Course Contents and Training Devices
Training Document V16.00.00
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1.3. Training Area with S7-1200
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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

Private copy for Sabri Uzuner, sabriuzuner@duzce.edu.tr
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1.4 Schematic Diagram Industrial Ethernet/ PROFINET Networking
PM CSM CPU 1214 KTP 600 PN
192.168.111.112
192.168.111.111
CPU 1211 ET 200S Field PG

|192.168.111.114

192.168.111.113

Networking of the Individual Components

1-6

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:

e TCP communication between CPU and HMI and

¢ PROFINET IO communication between CPU and ET 200S

TIA-MICRO?2 - Course Contents and Training Devices
Training Document V16.00.00
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1.5. Configuration of the S7-1214 Training Device

CPU 1214C Al4/AO2 DI8/DO8

-

J Device overview

¥ .. Module

b PFLC1

DIB/DQE » 24vDC_1

Slot__|l_a_c|_c|re§s

103
102
101
1

Ald %13 bits TAQ2 %14 bits 1 2

3
4

96..103
g

Q address | Type Article no. Firrmware | Comment
CPU 1214C DODCIDC 6ES7 214-1AG40-0XB0 %<0

965...99 5M 1234 AAQ2 6ES7 234-4HE30-0XED  %1.0

g 5M 1223 DIBIDOS = 24¥DC 6EST 223-1BH30-0XB0 %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 CPU 1214

- DI14>100tol 15

~ DO10 - Q4.0t0 Q5.1

- AI2 5 W64, IW66

- AO1 > QW80
e SM1234

- Al4 - W96, IW98, IW100, IW102

— AO2 > QW96, QW98

e SM1223

- DI8>18.0t018.7
— 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

1-8

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

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

e 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.

TIA-MICRO?2 - Course Contents and Training Devices
Training Document V16.00.00
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1.7. The Conveyor Model

"K_Right" (Q 8.5)"B_Bayl" "B_Bay2" "B_Bay3" "B_LB"
"K_Left" (Q8.6) (185  (186) (18.7)  (18.0)

"S Bayl" "S_Bay2" "S_Bay3" "S_BaylLB"
(18.1) (18.2) (18.3) (18.4)
"P_Bayl" "P_Bay2" "P_Bay3" "P_BayLB"
(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 1/0 addresses
to which they are wired.

TIA-MICRO?2 - Course Contents and Training Devices 1-9
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1.8. PLC Tags
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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
22 Training Document, V16.00.00
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2.2. Task Description: The Conveyor Model as Distribution Conveyor

"FC_Mode": Operation ON/OFF
"FC_Conveyor": Controlling the conveyor motor
"FC_Fault": Monitoring the transport
sequences for time
"FC_Count": Counting the transported parts
"FC_Signal": Controlling the indicator lights
Industrial
Ethernet Al/ DI/

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:

e "FC_Mode"
Switching on and switching off the operation is implemented in this function.

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

e "FC_Fault"
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.

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

e "FC_Signal"
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.

TIA-MICRO1 - Commissioning the Hardware and Software
Training Document, V16.00.00 2-3
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2.3. Types of Program Blocks
Operating system
" s " DB
Fc | FB
S~ |
~
| Fc
8\
Legend:
OB = Organization block 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)

2-4

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
Training Document, V16.00.00
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2.4. Possibilities for Program Structuring

Linear program

Functional partitioned
program

Structured program

cyclic
OB

All instructions are
found in one block
(usually in Organization
Block OB1)

_{Pump A
7
e
-~

_- PumpB

cyclic |-
OB _ ——-1 Pump C

— —— Mixer

——__| Outlet
J

The instructions for the individual

functions are found in individual

blocks. OB 1 calls the individual
blocks one after the other.

cyclic -

o -

Reusable functions are loaded into
individual blocks. OB 1 (or other

blocks) call these blocks and pass on

the pertinent 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.

Partitioned Programming

The program is partitioned into blocks and each block contains individual functions. Inside the

blocks the code may be structured with networks. Usually the cyclic OB1 only calls other blocks.

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

e Extensive programs can be clearly programmed

¢ Individual program parts can be standardized

e The program organization is simplified

e Changes to the program can be carried out more easily

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

e Commissioning is made easier

TIA-MICRO1 - Commissioning the Hardware and Software

Training Document, V16.00.00
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2.5. Process Images

PII N PIQ
\_/

\ Cyclic program

0 2 Q3.5 on

\ s nght "K_Right”
A }—
%33 %035 off
s Ba)3 "K_Right"

\¥//

———

=

CPU memory area CPU memory area

Process Images

To store all input and output states, the CPU has reserved memory areas: the process image
inputs (PIl) and process image outputs (PIQ). During program execution, the user program then
accesses these memory areas and not the digital inputs and output modules directly.

Process image inputs (PII)

The process image inputs (Pll) is the memory area in which the states of inputs is stored. The PII
is read in from the input modules at the start of the cycle. When an input is linked in the user
program, the state of this input stored in the PII is linked. This cannot change within a cycle,
because the PIl can only be updated or read in at the beginning of a cycle.

This ensures that the same result will be obtained if an input is queried several times within a
cycle.

Process image outputs (PIQ)

The process image outputs (PIQ) is the memory area in which the states of outputs are stored.
The PIQ is put out to the output modules at the beginning of the cycle. Outputs can be assigned
as well as queried in the program.

This ensures the process control only takes effect after processing the cycling program.

“Classic error” = double assignment of outputs

If a state is assigned to an output in several locations in the program, then only the state that was
assigned last is transferred to the output module. As a rule, these types of double assignments
are programming errors.

TIA-MICRO2 - Commissioning the Hardware and Software
2-6 Training Document, V16.00.00
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2.6. Cyclic Program Execution

Startup program: Call and execution of the Startup-OB
(once, after PowerON, for example)

1 §

Start the cycle monitoring time ]

1 |

Writing the process image output table
(P1Q) in the output modules

1 |

1

Reading the input states from the input modules
and saving the states in the process image (PII)

i =

Call and execution of the Cycle OB

CPU Cycle

(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
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 next cycle starts automatically.

In
[ ]

every program cycle, the CPU carries out the following steps:
The CPU starts the cycle monitoring time

The CPU transfers the output states from the process image output table to the output
modules

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

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

Checking the elapsed cycle time

TIA-MICRO1 - Commissioning the Hardware and Software
Training Document, V16.00.00 2-7
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Cycle time and cycle monitoring time

2-8

The time that the CPU requires for a complete cycle is the cycle time. It is monitored by the
operating system of the CPU in every cycle.

If the current cycle time exceeds the cycle monitoring time set in the CPU properties, the CPU
starts error handling.

The error OB "Time error interrupt” OB80 is started in the CPU.

e S7-1500 and S7-1200 with firmware =V4.0:
If it exists, the CPU continues the cycle processing after the end of OB80
If it is not present, the CPU switches to STOP mode

e S7-1200 with firmware <V3.x:
If it exists, the CPU continues the cycle processing after the end of OB80
If it is not present, the CPU will remain in RUN mode

Violation of the maximum cycle time twice does not lead to the calling of an OB, but to the STOP
of the CPU.

TIA-MICRO2 - Commissioning the Hardware and Software
Training Document, V16.00.00
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2.7. Data Exchange between Touchpanel and CPU

: Update e.g. ever
:  « PROFIBUS o il

: » Industrial Ethernet

Push button , Set bit“
Release button , Reset hit”

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:

Data blocks (DB)

Bit memories (M)

Inputs (1) and outputs (Q)

I/O (peripheral) inputs and 1/0O (peripheral) outputs

HMI systems also recognize local tags without process connection, 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 MPI, 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.

TIA-MICROL1 - Commissioning the Hardware and Software
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2.8. Task Description: Commissioning the Training Case

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

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.

TIA-MICRO2 - Commissioning the Hardware and Software
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2.8.1. Exercise 1: Deleting Old Projects

T4 Siemens

Project |Edit  Wiew Insert  Online  Options  Tools  Window

j Mew...
H % open... Ctrl+0
Migrate project...
Close e+
H Save Cirl+5
Sawve as. Ctrl+ Shift+5

Delete project... Ctrl+E

3
pr o G MG E R F coonline b

Recently used

Totally Integrated Automation
POR

TAL

3. Select projects to be

deleted

@“I’ Show all rr]

1. Close currently open
project

Archive... -
Retrieve... Praject > Fath
i My_Project2 | DCoursesiMy_Project?
T card ReaderfUSE mernary b i MY_P J : oG IMY_P J
TP Memory card file N ly_Project ACoursesi\y_Project
MICROZ2_A 13 ClarchivesiTlA-PortalTIAMICROZWMICROZ_A W13
Upgrade
DiiCoursesivy_Project2iMy_Project2
D:ACoursesiby_ProjectiMy_Project
Clarchives\TlA-PortaliTia-hlL AMICRO2_A W13
- n |
es ! !
General ] Cros Browse | Delete | r Cancel 1

¥ Project closed.

<] i 2]
Info {Project library)

Task

Delete all existing projects.

What to Do
Start the TIA Portal
Switch to the Project view

1
2
3. Close any open projects
4

Let the system show you the existing projects and delete them as shown

TIA-MICRO1 - Commissioning the Hardware and Software
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2.8.2. Exercise 2: Establishing an Online Connection to the CPU

4 Siemens —

ed Automation
PORT.

2. Set the interface |.

Accessible devices

Type of the PGIFC interface .’iPNJ’IE T*h
. | =
FGIFC interface's [ intelr) 825741 GigabitNetwork Connection | v4T€)
« PY g

ag
Accessible nodes of the selectad interfafe” =mmmmmmm=®

Device Device type Type Address MAC address
. . plc_1 CPU1214CDCD FMAE 192.168.111.101  00-1B-1B-70-47-8E
Accessible devices
I hmi_1 SIMATIC-HMI FMAE 192.168.111.104  00-1C-06-00-0A-7E
[| Flash LED
Onine &
Diagnostics Online status information

rf Retrieving device information...

Scan and information retrieval cot
["] Display only errar messages

r Shiow | ‘ Cancel ‘

]G]

} Project view

Task
Establish a connection to the CPU 1214 and use the automatic IP address assignment of the TIA
Portal for this.

What to Do

Switch to the Portal view
Start the "Accessible devices" function "Online & Diagnostics" - "Accessible devices"
Select "PN/IE" for the "Type of the PG/PC interface"

Select the respective Ethernet interface of your field PG

A w DN PR

@D Field PG: 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"

(@3 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".

@3 The telegram service "TCP/IP" is used to execute certain functions. For this, the CPU
and PG must be in the same IP subnet. The TIA Portal assigns your PG a temporary,
alternative IP address which is in the same subnet as the CPU. That way you can work
freely.
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2.8.3. Exercise 3: Resetting the CPU to Factory Settings

T4 Siemens - OX
- - . N
Pr?ec‘t Edit View Insert  Online ‘Opl:mns Tools  window Totally Integrated Automation
Ci A saveprojer 3 M B2 X Doy GIMEE R S coonline ' PORTAL
Devices _ o
FEHQO = =¥ | » Diagnostics a a X %
——— eset to factory seftings s
Narne Assign IP address g l<> |
Et r\_m Online access Bt 9 - ) .
) o Firrreare update — Flashing indicates
1 Displayhide intedaces - ’l = CPU is being reset
+ [ Intel(R) 82574L Gigahit Ne. . il A3sign hame 2 IPaddress: 192 . 168 . 111 . 101 = Is being
@
dh? Update accessible devi... = ’. PROFIMET device narme: %
- [ ple_1 [192.168.117.101] B
%] Online & diagnastics © [ 1. Retain IF add == ‘
» -l Frogram blocks N O Reain P adces: L Continuous light,
M () Delete IP address = ;
» [3 Technology objects il g reset is completed
» [l PLC data types i E'
b [ hmi 1 (1921681111 . @
» [0 InteliR) 82579LM Gigabit M., X ||

v [ cPs711 [MPI] 5]
] :u FLCSIM 57-1200/57-1500 | ﬁ%
» (i@ Card ReaderUSE memary

P I 3 < | m bl

? | Details view

|§.Pruperties ||‘_i.'.lnfo y"ﬂDiagnnstics

E Overview I %/ online & dia... : npleted for int...

4 Portal view

Task
Establish a defined initial state for the following configuration steps by resetting the CPU to
factory settings.

What to Do

1. Navigate to your CPU and open "Online & diagnostics"
2. Open the dialog "Reset to factory settings"

3. Select the item "Delete IP address" and click on "Reset"
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2.8.4. Exercise 4: Opening existing Project and save it with new name

T4 Siemens =T

Totally Integrated Automation
PORTA

I. Open existing project
@ Open existing project » [y U
Project N Path Last change
Open an existing project === B
Suchen i MICROZ_4 - @ rE (
B Narme - Andenungsdatum  Typ 5
= g AdditionalFiles 00.11.2015 1412 Dateiordner
Zuletzt besucht [ g 19.11,2015 14:12 Dateiordner
= Logs 00.11.2015 1412 Dateiordner
System 10.11.2015 09:41 Dateiordner
Desktap T™P 10,11,2015 09:33 Dateiordner
e e SRS T Ra, 09.11,2015 1412 Dateiordner
=) b [BMcRo) Aapl3 f}- p 3 10.11.2015 0932 Siemens TIA Partal V13 ..
Biblictheken ~ "Temmmmmmn®®
Online & . i
Diagnostics emputer
.
Q& Um i b
Netzwerk
Dateiname; MICRIOI2_A,ap13 -
Datsityp: TI& Partal prejects =] [ Abbeshen |

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>:\_Archive\TIA-MICROZ2[version\MICRO2_A -> Double-click on MICRO2_A.apl6

Open the Project view

Save your project using the name "My_Project"
Project > Save as... > "My_Project"
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2.8.5. Exercise 5: Checking and, if necessary, adjusting the device configuration

ty_Project » PLC_1 [CPU 1214C DCDCDC]

|§ Topology view Hgﬂ-h Metwork view |mf Device view |_

i+ [P

01 1 2 g

<[] 2% i s, arere

EE R g

2

Device overview

w Module

¥ FLC

DIT4DQ 101

Al 221

AG 1%12BIT_1

H3C_1
HsC_2
HSC 3
HsC 4
HSC 5
H3C_6
Pulse_1
Fulze_2
Fulse_3
Fulze_4

b FROFIMET-Schnittstelle_1
Al4 %13 bits / 4Q2 x 14 bits_1
DIBDOB x 24VDC_1

Slot || address

103
102
101
1
11
12
13
118
117
118
119
120
121
132
133
134
135
11
2

k|
4
5
&

0.1
64,67

1000..0.
10040,
1008..70.

101210

10160,
1020000,

96..103

Q address  Type

4.5

a0..81

1000,
1002,
1004,
1006,

96..99

1
1]
[
1

CPU1214C DO
DI 14/DG 10

Al 2

AQ1 signal bo..
HsC

HSC

HSC

HSC

HsC

HsC

Fulse generat..

Fulse generat..
Fulse generat..
Fulse generat..
FROFIMET inter...
Shi 1234 AldfA...
SM 1223 DISID

51

Task

Check the already existing device configuration and the set I/O addresses.

What to Do

If necessary, exchange deviating modules and check the 1/0 addresses of the CPU and SMs

shown in the picture.
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2.8.6.

Exercise 6: Downloading the device configuration and user program into
the CPU

Project Edit “iew Insert ©Online Options  Tools Wind'oar\-.ﬂelp?
G R soepoec @ X H B X Do FMEE
Project tree m 4

After resetting to factory
settings, the CPU no longer has
an |IP address > Transfer to
[owe.... LIMAC address of CPU

Devices Extended download to device

Configured access nodes of "PLE_1"

EF Add new device

== A pevice sontiguration = = 77

Compatible devices inftarget subnet: -
. P R R R R R R RN N N R g -
Dgvigem = = = = ..Fafge

PG/PC interace:

=) D-evi-ce-typ e Type

s
£
— 0 0 Device Device typ slat Type Address Subnet
PLC 1 CRU1214C DD, 1x1 PHIE 192.168.111.101 FRAE_1
e
|7 by _Froject Type offthe Fa/FCinteriace: B FHAE [=]

[l incel(®) 52574L Gigabit Network Connection |+ | @)

%ﬁ&ﬁﬂii&'! & petrorks = - - Connectjon to interfacelsubnet: |Dirent at slat "1 1" ‘vl @
= = b : —
S ’rj. PLC_T [CPU 1214C DGDGDC] ! 4; g l—_.—-———-—-—#l—-—-i:l L';)- ~

-
” ) )
2 _ [ show all compatible devices -
-mm=

Address devias e

% Online & diagnostics -
i e

57-1200 150

00-1B-1B-70-A7-8B =

P, ol

Extended download to device (0132:000011)

€ Accessible device
[

Fi/IE

-
Hogess address o u mwm = -

Assign IP address

To execute this function the PG/PC requires an additional IP address in the '} eesreiln daviess (il [=]
same subnet as the FLC. =

m— T T

> ‘ Load | ‘ Cancel |

Task

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

What to Do

2-16

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

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

Q;ﬁ'?: 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.

Check the option "Show all compatible devices"

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)

Confirm the follow-up prompt with "Yes"

In the following dialog, click on "Load"

TIA-MICRO2 - Commissioning the Hardware and Software
Training Document, V16.00.00



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

SIMATIC S7-1200 Advanced Course

2.8.7. Exercise 7: Setting the IP address of the touchpanel
IP - Address
@ Specify an IP address
IP address 192 168 111 111
Subnet Mask 255 255 255 0
!
Loader ¥11.00.00.00_01.85 Control Panel Transfer Settings
% %) Channel 1:
Transfer Keyboard  Mouse Ethernet Enable Channel
.................. Y i l %a Advanced .
Systemn  *, Transfer * :
Contral e ae?
Parel ==
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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2.8.8.

Exercise 8: Transferring the touchpanel project

T4 Siemens - D:Courses\y_ProjectiMy_Project

Project Edit  Wiew Insert Online  Options

] saveprojest & M i G

‘Wmdo‘w Help

% E"m it} & & Goonline Y

Totally Integrated Automation
PORTAL

m

Project tree

Eg'h Dewvices & networks
N T. PLC_1 [CPU 1274C DX/DCDC]
1. i HMI_1 [KTPE00 Basic color ]
l/> [&§ commaon data

b [5]] Documentation settings

KTF&00 Basic co...

Load preview

9 Check before loading

» p_@ Languages & resaurces
b [ Online acoess

Devices ‘E‘F Topology view ”Eg'h Metwork view  |[If Device view ||l

. - ) : =3
5O O & B [f neowors] 13 connectons [ cornecon =] (@2 netosons 2= 28° 3 [JDI3
=9

H

&

E

Marme ]
. o

~ ] My_Project 2
. ’ HbAI_T PLC_T I

Add new device 5 S =

& CFU 1214C 8

Message Action
Ready for loading. n
‘-___.---..__.
Owerwrite if object exists anline? ¢ M overerite sll
P P ~ -
Do you want to overwrite the existing user administration AZr e - Cooooe
this HMI device? —
Do you want to overstite the existing recipe data on the HMI =]
dewice?

& Status ! Target
b [ Card ReaderUSE memory a D QHMU
(] > Owerwrite
]
V]
(<]

E

<] [ ] ¥

Sl Ll

? | Details view

4 Portal view

Load | | Cancel |

=

Task

What

2-18

Download the existing HMI project into the touchpanel.
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"

TIA-MICRO2 - Commissioning the Hardware and Software
Training Document, V16.00.00



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

SIMATIC S7-1200 Advanced Course

2.8.9. Exercise 9: Function test touchpanel project and CPU program

Switches system On >

Q4.0 = TRUE Operating state display SUIE RS SR Offf =

Q4.0 = FALSE

Input and output of the
parts to be transported

Display of the parts
transported so far during
operation

Jog conveyor to the left
when Operation is
switched off

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

Acknowledge conveyor
faults which have
occurred

Jog conveyor to the right
when Operation is switched
off

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

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
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 1and 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_Acknowledge" (I 1.0), a new transport sequence can 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_BayLB" (Q 8.4). Only after
this is acknowledged via the conveyor pushbutton "S_BayLB" (I 8.4), can a new transport
sequence be started.

(_\,53 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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2.8.10. Exercise 10: Selecting the Editing Language

Pl'l]jl':‘.l::t tree [ ‘ TIA_MICROZ » Languages & resources } Project languages -

o EX
Devices
L — General
EXY5) = 2
Editing language: | English (United Ststes) [= Reference language: | English (United States) ﬂ
Mame : B .
- [Jenglish (lsmaics) [T Estanian (Estonia) [C]French (switzerland)
> 7 My Project [ English (New Zealand) [T Faroese (Faroe Islands) [T Galician (Galician)
. . [T English (Republic of the Fhilippines) [IFinnish (Finland) [MGeorgian (Georgia)
B Add new device English (South Africa) French (Belgium) German (Austria)
o g
Eg'h Devices & netwarks [JEnglish (Trinidad and Tobago) [French (Canada) @ German (Germany)
. [T)English (United Kingdom) [TIFrench (France) [T German (Liechtenstein)
b U@ PLC_ 7 [CPU1214C DC/DGDC] English (United States) [French (Luxembourg) [D)German (Luxembourg)
» 5 HMI_1 [KTP&O0 Basic colar PM] English (Zimbabwe) []French (Frincipality of Monaco) [C1German (switzerland)
_ o
2 L
v (g common data P
= . . .
b =] Documentation settings .
.
-

e :
¢
A3 Languages &resources s s TIA_MICRO2 » Languages & resources » Project texts — B EX
H L4
_i Project languages ‘ User texts System texts

S| Project texts . T W oevie e B
4] Project graphics AR @ Engiish (United States) T Category
» r‘m online access *‘ =] conveyor auto Bandmotor ansteuern Automatik Block comment
e ;‘ Conveyor control right Bandmotor ansteuern rechts Block comment
» [ Card Readen/lsB memory AN converorou sendoutsioerung e

=] conveyor fault: Monitoring of transport time  Bandlaufstérung: Zeitl. Uberwachung des Transportvorgangs Block comment

;‘ Conveyor jog left Bandmotor Tippen LINKS Block comment .
=] conveyor jog right Bandmotor Tippen RECHTS Block comment TA M.
E‘ Conveyor Left Schiiz Bandmotor LINKS Text categorytag comment TIA M.
;‘ Conveyor Right Schiitz Bandmator RECHTS Text category tag comment TIA_l
=] Conveyor runtime after start Lautzeit des Bandmators nach Start des Transportvorgangs  Text categorytag comment TIA |
< I I > » awmro\.‘_, e M-._B.a)dmot -S[;ger a —— r - -.'_‘.Mr_gmmen[ ’,_-.]]&‘_M_‘.._4

Task

Activate the project languages as shown in the picture to enable a language switch in the panel.

What to do

1. Open the folder ,Languages & resources” in the project tree and select the point “Project
languages”

2. Activate the languages “English (United States” and “German (Germany)”
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2.8.11.

Exercise 11: Runtime Settings

TIA_MICRO2 » HMI_1 [KTP600 Basic color PN] » Runtime settings

S General
Screens

~ [ ] TA_MCRO2 Eetoad
Alarms

K Add new device
n—ﬁh Devices & networks
» [ PLC_1[CPU 1214C DO/DC...
~ [ HMI_1 [KTP60D Basic col
[I{ Device configuration

%| Online & diagnostics
'f Runtime settings |_
4 Tj 5Screens

» rf\\] 5Screen management
» (2 HM tags

DZG Connections

4 HM alarms

d Recipes

5] scheduled tasks

‘g:_‘i Text and graphic lists

{7 Useradministration

] Eg, Ungrouped devices

User administration

Language & fon

Language & font

Runtime language and font selection
3

Order  Enable  Language

@ o ™

@ ™~

Fixed font 1
English {United ... Tahama
German (Germ... Tahoma

Default font
Tahoma, 11px
Tahoma, 11...

Task

The two shown languages should be available in the touch panel

What to do

1. Open the runtime settings and select “Languages &font”

2. Activate the both shown languages. Check the order of the languages
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2.9.

Additional Information

2-22
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2.9.1. Industrial Ethernet: IP Address and Subnet Mask

SICMERE

Ethernet

v

A st

MAC Address: 08 00 06 01 74 10 MAC Address: 08 00 06 01 74 20
Subnet Mask: 5825W255|0 Subnet Mask: 255.255.255 0

IP Address: 592.168.111..50 IP Address: 192.168.111 112 |

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).

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.
Only IP addresses which network part is identically can be reached.
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2.9.2. Online Access: Assigning an IP Address for the PG

4 EEEEEEEsEEEESEEEESEEEESEEEEEEEEW

*
Control Panel Horme . L". LAM-Cennection o L". LAN-Cennection 2
HE == _ Network cable unplugged = Network cable unplugged
s X S Intel(R) 825741 Gigabit Network C... 7 3¢ @2 Intel(R) 82577LM Gigabit Network...
Manage wireless network:
 iEmmEEEEssmsmsEsssEEEs - ! !
: Change adapter settings [ Liisbiiisad B2
izt | [ eekos [shang
"9 g _ — 192.168.111.90
settmgs Connect using:
l_-?‘ Intel(R) 82574L Gigabit Network Connection |
i
s . This connection uses the following items:
sx Metwork and Sharing Center - ,
% Cliertt for Microsoft Networks -
ngS Packet Scheduler | Internet Protocol Version 4 (TCP/IPvd) Pthﬂ'hﬁ 1—
gFiIe and Printer Sharing for Microsoft Metworks L =5
& SIMATIC Industrial Ethemet (150) i
- PROFINET 0 RT-Protocel V2.0 — You can get IP settings assigned automatbcally if your network sup|
:E‘ =8 TR PASCRINVESET 6 (TEPAPVE this capabiity. Otherwise, you need to ask your network administr
Control Panel : BN Intemet Protocol Version 4 (TCP/1Pv4! - for the appropriate IP settings.
bt o b S U e, | »
'

Obtain an IP address automaticaly

©) Use the following IP address:
Description RECTTLTTLLLLETTYS:
Transmission Control Protocol/Intemet Protocal. It IP address: : 192 . 168 . 111. 90 E
g o - w0
Default gateway:

@j J e o YA s el

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.
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2.9.3. OB - Organization Blocks

FC
Hardware
FC
[ Global
(@]
£
o Global
S
S
a
> FC
I3
=
FC

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, 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 OB30) is executed after an adjustable time base
(for example, every 100ms) has expired. In these blocks, closed-loop control blocks with their
sampling time 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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2.9.4. Events which Start an OB

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 Time-delay expired 3
— Max. 4 - -
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 | sHSC: Count value= Reference value (max. 6)
DETACH and| «HSC: Count direction changed (max. 6) 18
ATTRQ) *HSC: 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 Oorl P 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 I/O 6
Rack error 86 Oorl Error in the input/output system of the distributed I/O 6
Cycle monitoring time exceeded, Called OB is still
. being executed, Time-of-day interrupt missed, Time-of-
UL S &) el day interrupt missed during STOP, Queue overflowed, Ze
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
e Events which cannot start an OB
An event which can start an OB triggers the following reaction:
¢ If 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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2.95. Events which Cannot Start an OB

Event Class

Insert / Remove central

Event

Event Priority

System Reaction

exceeded twice

Insert / Remove a module 21 STOP
modules
Vo access error during 1/0 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.)
1/0 access error in a block for which you use
the system reactions provided by the
1/0O 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 cycle time Cycle monitoring time was exceeded twice 27 STOP

Compare to previous chapter.
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2.9.6. Interrupting the Cyclic Program

Write i i

j

Begin
OB2xy

Resume i
OB2xy i
End
Begin
OB2xy
End

Interrupt execution

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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29.7. DB — Data Block

Marne Data type Start value
<0 = Static
<] = War_1 Boal false
< = War_2 Int 0
<] = War_3 Bool false
<] = war_4 Feal
<1 = F Measuring_point array[1..5] of Real
<0 = - |lotor Struct
< = speed Int 0
5 | u rated_current Feal
<] u started_current Feal
S| = direction Boal false
<] = Var_5 Eyte 0
<] = WVar_@ Bool false
<0 =k Timer_l IEC_TIMEF. 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 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:

Creating DBs

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

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

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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2.9.8. FC - Function
EN—] Motor® = o —
FC
— Start Motor On — Output
Input ] oint — | parameters
parameters Stop Setpoint
— Speed
In/Out |
parameters { AJEOP
Must assignment
" Sl
.. = EM
<7 I
<777 —|HI_Limit OUT | =777
<77 —| LOY_Limit ENO
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

2-30

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

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

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.

C&7 If the last three points are 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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2.9.9. FB — Function Block

FB
f FB-Interface
- Marne Datatype  Defaultwalue Retain Comment
1 <l > Input T
|nstance 2 g m B Bool false Man-retain Bero Staion
< T S Bool |__§] false Mor-retain | = | Switch Station
DB 4 4] = Fulse Bool false Mon-retain .Pulse
5 4] = Station Ulnt 1] |Stati0n Mo
Setin DB
6 ] ¥ Output
7o) m Hze Bool false Maon-retain LED Station
g < ¥ [nCut
Can assignment 9 |4a] = Sx_Mext Bool false Retain Bit next station
10 4@ = SHR_M Ulnt a Mon-retain Index
11 41 = Akt_Statian Ulnt i] Mon-retain Current Station
12 |40 ~ Static
13 <0 = S_Aktive Bool falze Retain Station aktive
\ | N FM_Sx Aktive  Bool falze Mon-retain Edoe ternor: Bit
15 €0 » Temp
16 <0 ™ Constant
/ 17 1 = rnay_Tirne Time THEGs rrax. aktive Tirme
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, i.e. 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 can 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.

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.

(&~ 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 function block can be used in every other project.
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2.9.10. Adding a New Block

Devices

i@ Q

Mame
* | My_Project
E Add new device
g Devices & netwarks

~ [ PLC_1 [CPU 1274C DODGDC]

[IY Device configuration
%) Online & diagnostics
~ gl Fragram blocks

L

—

ﬁb' Add new block

L

& OB_Cycle [0B1]
8 Startup [OB100]

& FC_ConvMotor [FC16]

48 FC_Count [FC18]
48 FC_Fault[FC17]
4 FC_Indicate [FC14]
48 FC_Mode [FCT5)
48 FB_Statistic [FB1]
@ DB_OF [DE99)

b o Systern blocks

<

Add new block X
Matme
|B|n|:k_1 ‘
I —
OB Mumber: 2 FBD I
SCL
Organization O Manual
ko @ Autarnatic
% Description:
X Function blocks are code blocks that store their values permanently in instance data blocks,
Function black so that they remain available after the block has been executed.
%
Function v | Additional _information :
A AR AR Title: |
' Camment ~
DB
v
Data block
Far | |
— - Author: I:l Userdefined ID: | |
> ‘ Additional inf]
] w and of EAdd new and open r OK; 1 | Cancel |

Inserting a Block

2-32

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 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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2.9.11.

Block programming

...13-1 PN] » Program blocks » FC_ConvMotor [FC16] -0 EX
>
. [
[ De|  nsert network \ Options =
e -] L e o) n m =| ¥ 3
& 2 = & AEE8: @ 02 Gg o 62 EELH
R e f > |Favorites :5_
1 - . . . " 1
R D blocks = r e —o— o it Mer «s- o Display Favorites [y |Basic instructions 13
4 r_fﬂTechnoIog)fob]ects Ve’ io On/Off ame A
» g} External source files Conveyor mofr control Ead HI -Jl- ~ =21
v [J PLCtags ﬂ' - 1] - —%
F = Jog to jhe right — =
% Showall tags 9 '; g _" JN.DI- :‘gr
"*d.dmm-ta-g nhle, V4 &D@ A ) H
“‘ﬁ Default tag table [80] < Wi o w162 Dtag '(] ( -
=H Con.reyor'[ﬁr 1 5_Left" ’ "M_log_Right® = ||
1 { }—s H) (R} —
.ha My_Tags [27] : ' M| -(s) _i'(
» [ PLC data types E ’T H)| SET_BF o
v | Details view PTRIG Auto () H)| RESET_BF &
CLK EN EMN
W90 wpRgg pEwe DRI DBV & 5r —
JMarae Dasalls, 0 Moswcountl "o oFAct e —(INT OUT|—"DE_OF"Act e T RS LLI
S — . E
a5 Left 0.3 e dll] 4Pt g
— ETIRTAT
- S, OperatlonOFF ’foIDD %.
<@l S_OperationON %I0.1 hd Network 2:  Jog to the left Add further input g
@ s_Right %I0.2 ommer -
@ System_Byte %LED EAIRIC
g tet %2000 £l N_TRIG
o r - a- £ S 51— [100% | —y—r £ R TRIG

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 by 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 or 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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2.9.12. Block Calls

...1 [CPU 1214C DUZDCDC] » Program blocks » OB_Cycle [OB1] - W EX

Devices

OO HR ik FEF b EA =G| G2

Tal =T

Mame

I -2
B online & diagnostics IZ| Ll ln Ll <

PI
~ g Prbogram blocks Compnent
B ~dd new black

& 0B_Cycle [0B1] | TFCIE

4B FC_ConvMotor [FC16] | Drag & Drop > "FC_Convhiotar”

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

48 FC_Mode [FC15]
b [ Systern blocks ¥  Network 3: Fault evaluation

] P_* Technology objects Cornrnent

» External source files
HFCT7

"FC_Fault"

- r:g FLC tags
.1;3 Show all tags
E ~dd new tag table [ EN EMO
e
3 Default tag table [71]
SN

< i | 2] |¢] i | [100% [+] —p——

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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B Add new device
gy Devices & netwarks
= [ PLC_1 [CPU 1274 DGDGDC]
Y Device configuration
9| online & diagnastics
w gl Program blocks

Lo Add new block
4 FC_Fault  Searchin PLC and open.)

& FC_Indic Edit type
& FEBE_Time
@ DB_FB_T

VW cut

| Copy
[% Technology = Patte

aste
Compile
—

L FLCTags Download to device

]
] External sou
]
M=
» L FLC data typ & Gaanline

L. 3 r::i Watch and force tables ;I

3
»
rerlakc P
4

EF Add new device
ﬁg‘h Devices & netwarks
« [ PLC_1 [CPU 1274C DG/DCDEC]
Y Device configuration
%] online & diagnostics
» | Program blocks
EF Add new block
4 Main [0B1]
& FC_ConvMotor [FC16]
4 FC_Count [FC18]
F7 B FC_Fault[FC17]
4 FC_Indicate [FC14]
& FE_Time [FE1]
@ DE_FB_Time [DB1]
iffcrovp_1 E

Te-chnology objects

mf External source files

4
)
» I“—‘.
L

2.9.13. Block Groups
Devices Devices Devices
% 0 0 = o [ 0 0 = & B =| o
K B 5] = OO =
Name [ Mame Al Mame
~ | My_Project |~ ~ |7 My_Project |~ + [ My_Project T~

B Add new device
gy Devices & netwarks
~ [ PLC_1 [CPU 1214C DGDGDC]
Y Device configuration

Y| Online & diagnostics
= ';:: Program blocks
EF Add new block
48 Main [OB1]
’.‘I FC_ConwMotar [FC18]
e 48 FC_Count [FCT18]

£ B FC Fault[FC17]
:' 4 FC_Indicate [FC14]
’,.. = FB_TimE.[FB'I]
. @ DE_FE_Time [DB1]

» [tz corveyor

[a FLC tags
I—Ml:
| PLC data types mﬂ

] r:* Technology objects
] External source files
» [g FLCtags

I—Ml:

Block Groups

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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2.9.14. Compiling a Block

74 Siemens - D:ACourses\My_Projectitly_Project

Project Edit “iew Insert Online  Options Tools

GF %] seveprojes S Y 2 2 X 9 (e

Devices

LHOO©

WS p EREPAratHw el ad I g

hame
* ] My _Project
n"' Add new device
oy Devices & hetworks
= [ PLC_1 [CPU 1294 DODGDC]

.4 Network 1:  Run conveyar RIGHT

Comment

{1 A {

Y Cevice configuration
= 4 Dnline €ximamOsos = x .
= rﬁ. Frogram blocks
o} 5
oM radnhmEe ==

*
h)

4 Main [0B1]
48 FC_ConvMotor [FC16]
bl Systern blocks

100%

» [ Technology objects

» @ External source files | General y” Cross-references

\\<llnfu i)| %] Diag ics ‘

” Compile |

v [g FLCtags

[~]

@El Show allmessages

» [ PLC data types

3 :uj, watch and force tables | Path

x Q = orca

3 f TI’EC.ES - 0 * Program b\u-:ks- e m e

» _:; Device proxy ata £3 = = == L Thiotor (FC16)
2y Program info < e Metwark 1

&) Textlists Ew- = = = hiaig QB -

O T—— [<E

» [ Online backups

Y e

Cornpiling cormpleted (errars: 1; warnings: 0

Description ? Etrars

The operand required at the input or output is missing or has
i -
-E\_ocl-w\;as succ_ess_iuﬂyzorﬂpl_\ei emmmmmm == -_

Cnmp\lmg-cn-mpleted (errors: 1) warnings: 0)

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 chan

ges 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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2.9.15. Downloading Blocks into the CPU

T4 Siemens - DACourses\dy_Projectibdy_Project

Project Edit “iew Insert Online Options Tools Window  Help

5 (W] saveproject 3 M | 5 X 9 (H: ‘Emfii!:n R ﬂGoonIine;

Project tree m 4
- Extended download to dev
J Devices l- access nodes of "PLC 1"
r“_’% O o E j ! Device Device type slot Type Address Subnet
FLC 1 CPU1214CDOD.. 13X FMAE 192168111101 PHAE_1

Mame
¥ ] My_PFroject
B¢ Add new device
# Devices & netwarks
= [ PLC_1 [CPU 1274C DCIDG..
Y Device configuration

[>]

Type of the PGIFC interface ﬁ_PNJ‘\E | |
FGIPC interface ﬁ Intel(F) 82574 Gigabit Metwark Connection | = | ®©

[~]

[-]

Connection to interfacelsubnet: | Direct at slot "1 X1°

15t gateway: |

\ % Online & diagnostics Compatible devices in target subnet: [ Show all campatible devices
[ 1 ) r:i:. Program blocks Device Device type Type Address Target device

14 n‘;,\\dd hew block El FLC_1 CPU1214CDCD..  FHIE 192.168.111.101 PLC_1
4 OF_Cycle [OB1] - - PRUIE Access address =
48 FC_ConwMotor [FC16]
48 FC_Count [FC18] ["] Flash LED

| —
Online status infarmation

€ scan completed 1 compatible devices of 2 accessible devices faund
9 Retrieving device information
Scan and information retrieval completed.

[ Display only error messages
3 : ‘ Load | | Cancel

EINE

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.

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

e 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

o 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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2.9.16. Monitoring a Block
[EEETTT
MW e e | B =) W 2 [ gy 69 ]g—.”.|*s_q;l:|ﬂ'|' |
Wil EF S I ER R 2 g 2 o @ WBY =% § 57 - H
ackinterfas (R N
Mo condition defined.
¥  Network1: .. E
B4 1 ThAS02 WhAS03 FbA160.3 L6 2 Monitor Block
"P_Operation” "S_Right" "5_Left" "hi_TOF_Left" “M_lag_Right" Oon / Off
THOMS
4DE152 L
"DB_TOF_Right" r
TOF hrA160.2
Time "M_TOF_Right"
IN
TH# 25 = FT ET
*  Network 2: .
B4 hrA30.2 hrA30.5 hrA160.2 HQE.6
"F_Operation” "3_Right" "5_Left" "M_TOF_Right" "K_Left"
% ' % I
TH2S
4DE163
"DE_TOF_Left"
TOF BATE0.5
Time “M_TOF_Left"
In QpF---—- 4 k-
TH25 = pT ET
100% | oo

Monitoring blocks

The test function monitor block is used to be able to follow the program execution within a block.
The status 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 the block.

Examples:
Status fulfilled ->
Status not fulfiled >

"Element is represented with a green color"

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

o o JE =S ) | 2 =2 || 357 o | Q, 1
— Wik e EEA@EE8e gl OB @B I & 1
Open/ Close P
all networks & ==1 4 -0l = =] e EJJ‘.
= w €23 Network 4:  Count Parts [ FavoritessOn/Off |
Detect the current number f ]

.
Open / Close ._.-'
a network "DE_FE_Count"

[ Network comments On / Off |
"FE_Count"
e Z
e "P_Operation" — P_cperation curre] Update inconsistent block calls |
at "B_LE"— cu QU —"M_ct_Ho=0"
| Absolute / Symll)olic 5 e - i
operands S

| Free commentson/off |

w "Act_Mo" Sehdf200

B_L8 8.0 |_Shows tag information On / Off |
"M_Act_Mo=0" %M20.0
"M_Act=M_Set" 20,1
"F_Operation” .1

I_ﬁi‘ | Networks Insert / Delete |

Block networks

Just like the user program, a single block can be separated in different networks. Each network
can have a headline and comment. Inside a network, free comments can be assigned to
instructions.
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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 can parameterize an analog module and of interpreting the resolution.

Furthermore, the necessary conversion operations are presented 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

0... 27648

Simulator

Vit s,

2 O/\ 16~
v

All

Network 1: Morming ofinput

NORM_X
Int to Real

..—EN
0— MmN
E T
"5 _Weight” — VALUE ouT — #tempReal
27648 — MAX

ENO =—

Weight: 0 to 500kg

Evaluate fault on the
analog channel

Network 2:

scaling of weght

Weight display on
the touchpanel

SCALE_X
Real to Int

~—EN
. 0 — pMIN WIN36
Act. Weight #tempReal — VALUE OUT — “MW_Weight"
MW36 _:m:!:lﬂ. 500 — MAX ENO —

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
to get detailed information on the fault event.

TIA-MICRO2 - Analog Value Processing 3-3
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3.3. Principle of analog value processing
Process Analog input module User program
Physical Standard Read in the result memory into the Process
quantity analog signal image input table (PIl) at the beginning of the
cycle
Sensor Transducer Result N )T K
memor Direct I/O access i
O Z = ADC [ y ) 5
NORM_X ; NORM_X
Int to Real i Int to Real
..=—EN ! ..=—EN
» Pressure +500mV 0 — M C 00— MN
» Temperature +1V IW96:P — VALUE  OUT — #temp | W96 — VALUE OLT — #temp
e Flow + 5V 27648 — MAX  ENO — : 27648 — MAX  ENO —
* Speed +10V !
* pH value +20mA i
« Viscosity 4 to 20mA Analog output module SCALE_X ! SCALE X
e etc etc hen 1] in} : Real to Int
’ ’ wo==EN i v EN
0.0 — MIN {0 00— MmN
#temp VALUE OUT QWS80:P; #temp VALUE OUT QW80
10 — MAX  ENO— P 10— MAX  ENO—
<= Direct I/O access :
Conversion
Physical | _|Standard o S memory Output the Process image output table (PIQ) at
quantity analog signal [~ | [ 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 I/O.

TIA-MICRO?2 - Analog Value Processing
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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.

Analog value conversion <-> physical unit
For this purpose there are system blocks in converters in the task card "instructions”: NORM_ X,
SCALE_X,

Direct peripheral access ":P"

Direct peripheral access is identified by the ":P" addition, which can be programmed in
conjunction with the absolute address or symbolic name of the analog channel.

e Reading: current instantaneous value of the analog channel is read

e Writing: output value to the analog channel becomes process effective immediately

Access via process image

e Reading: The value "frozen for one cycle" from the process image of the inputs is read. This
is the value on the Al module at the beginning of the CPU cycle or start of an OB.

o - Writing: The present value is written into the process image of the outputs. This value is only
written to the AA module after the cycle or the parameterized OB has ended and only then is
it effective in the process.

TIA-MICRO?2 - Analog Value Processing 3-5
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3.4. Properties of analog input modules

‘g Properties ||:il|nfu g"ﬂ Diagnostics

J General H 10 tags H System constants || Texts |

» General Il

- AAAD 2 Analog inputs

b nalog inputs Noise reduction

Channeld
Channell Integration time: | 50 Hz (20 ms)
Channel2
Channel3 s Channeld

= Analog outputs
Channeld

Channell Channel address ‘IWQE

10 sddresses Measurement iype: | Voltage

Hardware identifier

Vaoltage range: ‘ 10y

50 Hz (20 rms) -

400 Hz (2.5 ms)
60 Hz (16.6 ms)
50 Hz (20 rms)

- AHAG 2

Input addresses
b Anslog inputs

} Analog outputs

Hardware identifier End address: |103

Qrganization block: |— (Automatic update)

L e o

Process image: |Automat\sche Aktualisierung

Smoathing: | Weak (4 cycles) = Current T
EEnab\E overflow diagnostics = —_ " P
= =
& Enable underflow diagnostics . 2t m dlm N
+'-" '; W
»  Channell
+-10
[ Properties | %} Info )| %l Diagnostics
J General ” 10 tags || System constants H Texts ‘
b General [ 10 adcresses | ".'"."EEk {4 I:.'_III'I:|ES:| | - |

Mone {1 cycle)

L [ oyoles)
Medium (16 cycles)
Strong (32 cycles)

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.

3-6
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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.

TIA-MICRO?2 - Analog Value Processing
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3.5. Properties of analog output modules

|gPruperties ||"j.l|nfu yHﬂDiagnustics |

J General || 10 tags H System constants || Texts |
¥ General [l Anal _—
- Alang 2 nalog outputs B .
} Analog inputs I I
: Feep lastwvalue
(3 nalog cutputs Reaction to CPU STOF: | Use substitute value [~ @ :
U0 aderesses Use substitute value

Hardware identifier > Channeld

Channel address: ‘QWBG ‘

bl Analog output type: ‘Vu\tage |"_>

‘

Fl Yoltage range: ‘+J'—1DV |v‘ Current
3 Substiture walue for channel on

F a change from AU to STOP: | 0.000 v]

E Enable short circuit diagnostics <
[ Ensble broken wire diagnostics < - = -
o020 mA
Enable gerdlow diagnastics R
Enable bAderflow diagnostics

=10Y
‘QProperties ”"_i.'.lnfo y"ﬂDiagnnstics |:

J General ” 10 tags ” System constants ” Texts |
b General 0 addresses
* AldIAQ 2

- Input addresses
¥ Analog inputs

¥ Anal
raltd outputs Start address
10 add 5;

Fordvere dertfer End addres

» Qrganization block: ‘—(Automatic update) ‘

Frocess image ‘Automatlsche 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.
e 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 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

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.

Training Document V16.00.00
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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 |7 |6 | 5|4 |3 |2 (|1]0

Bit value |Dec.|Hex.||VZ|214]|213|212| 21112101 29 | 28 | 27 | 26 | 25| 24| 23| 22| 21| 20

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

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

10 32 20 * * * * * * * * * * *

Reso-
|uti0n 11 16 10 * * * * * * * * * * * *
in bits
+ Sign 12 8 8 * * * * * * * * * * * * *
(V2)
13 4 4 * * * * * * * * * * * * * *
14 2 2 * * * * * * * * * * * * * * *
15 1 l * * * * * * * * * * * * * * * *
* = Oorl

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.

3-10 TIA-MICRO?2 - Analog Value Processing
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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 .
+10V Units 4to20mA | Units 0 t03000hm| Units | |-200 to+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 : 0
Rated range . : . : : :
75 -20736 : : : : 3 :
-10.00 -27648 4.000 0 0.000 0 -200.0 -2000
- .10.0004 - ?7649 3:9995 - 1 negative = 1 - ?00.1 - ?001
Under range : ) : : values ; : :
- 11.759 - 32512 1.1852 - 4864 not - 4864 -243.0 - 2430
Underflow || <=-11.76 |-32768 ||<=1.1845 |-32768 possible 37768 || <=-243.1 |-32768

Voltage, Current (Symmetrical)

Converting the symmetrical voltage or current ranges results in a rated range of -27648 to

+27648.

. +80mV . +25V . 3,2 mA
. + 250 mV . + 5V . =10 mA
. + 500 mV . + 10V . + 20 mA
. 1V

Voltage, Current (Asymmetrical)

Converting the asymmetrical voltage or current ranges results in a rated range of 0 to +27648.

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

Converting the resistance ranges results in a rated range of 0 to +27648.

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

Temperature

Temperatures are measured with resistance thermometers or thermocouples. Converting results
in a rated range of ten times the temperature range

TIA-MICRO?2 - Analog Value Processing 3-11
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3.8. Analog value representation for the analog outputs

Voltage Current
e LS Output ranges: Output ranges:
0to10V | 1to5V + 10V 0to20mA | 4t0o 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 | 5.0000 . | 10.0000 20.000 | 20.000 | 20.000
0 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:

Voltage, Current (Asymmetrical)

+ 10V
+ 20mA

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

If the value to be converted reaches the overflow range, the analog output module is disabled

e Otol0OV

e 1tobV

e (Oto20mA

e 41to20mA
Overflow

(0OV, OmA).
3-12
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3.9. Scaling analog inputs with NORM_X and SCALE_X (1)

NORM_X :
Int to Real NORM_X scales the input

signal at input “Value” in
_—EN
® the limits “MIN and MAX”

0 \-27648 — MIN .
to the signal range 0.0 to
%IlWe4 1.0
"IW_Weight'— VALUE OUT — #temp
27648 MAX ENO =—
Sensor supplies only positive voltages Sensor also supplies negative voltage
ouT O‘UT
A 3
MAX=10{ MAX=1.04
® 5 ) 5
A i i
f ! H
MIN = 0.0 i MIN =0.0 i
— e f — Value
0 X Xl o7p48 -27648 X et
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
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
Parameters
e VALUE: Value which is scaled
e MIN: Lower limit of the value range
o MAX: Upper limit of the value range
e OUT: Scaled signal 0.0to 1.0
TIA-MICRO?2 - Analog Value Processing 3-13
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3.9.1. Scaling analog inputs with NORM_X and SCALE_X (2)

SCALE_X Sensor also supplies negative voltage
Real to Int
® ® —=& ouT
0\ -300 = MIN %MW36 t
fitemp — VALUE OUT — "MW_Weight" 300
300 MAX ENO —
Sensor supplies only positive voltages
ouT
300 : ________________ 0
0 s VALUE -3007
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.
{\S‘F‘ The VALUE input may only be within the limits 0.0 to 1.0!
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: Result of scaling
3-14 TIA-MICRO?2 - Analog Value Processing
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3.10. Controlling analog outputs with NORM_X and SCALE_X

Example: Control valve 0 to 100%

NORM_X
Int o Real
= EN
() == MIN
%MW70
"MW _Valve 1"— VALUE ouT femp
100 = MAX ENO

Normalized signal is scaled to the
corresponding rated range, here 0 to
27648, of the actuator.

Calculated valve position in the
limits O to 100% is scaled to the
signal 0.0 to 1.0.

O‘:lT
1.0N_ .

0.0

—»ALUE
0 100

SCALE_X
Real to Int
EM
0— MIN %AWEG
Etemp VALLIE OuT "OW Valve 1"
27648 MAX ENO s
ouT
A
27648 _ _____________
1
i
i
i
i
Q L 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, 0V 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
0mA) when the program value is 0%, and with the maximum value (for example, +10V or 20mA)

when it is 100%.

TIA-MICRO?2 - Analog Value Processing
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3.11.

Comparator operations: IN_RANGE and OUT_RANGE

JU MIN
"Value” —yAL
500 —MAX

IN_RANGE
int

B
— s }—
to query
whether of the
value at input

100 = MIN
600

BMW2 — VAL
500 — | MAX

IN_RANGE

OUT_RANGE

OUT_RANGE
Int

VAL is within a
specific value
range

A

%M1.0

to query whether
of the value at
input VAL is outside
a specific value
range.

-

w [ €| Comparatar oper...

i) crp ==

1| CMP =

Al cMP ==

Al CMF =

ql| CMP =

Il CMP <

41| IM_Range
41| CUT_Range
1] oK)~

| —NOT_OK|-

Equal

Mot equal
Greater or equal
Less or equal
Greater than

Less than

Walue within range
Yalue outside range
Check validity
Check invalidity

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

3-16

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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3.12.

Cyclic interrupts

Devices

Add new block

Mame:

OO

hame
¥ ] My_Project
nb' Add new device
EE-U Devices & networks
~ [ PLC_1 [CPU 1274C DYDCIDC]
[l'f Device configuration
% Online & diagnostics
= ';:. Program blocks

| Cyclic interrupt_

£

Qrganization
block

i

ﬁt Add new block

& OB_Cycle [OF1]
48 FC_ConwMotor [FC16]

RUN

Execution of cyclic interrupts:

& Frogram cycle

& Startup

& Time delay interrupt

& Cyclic interrupt

& Hardware interrupt

& Time error interupt

& Diaghostic error interrupt
& Full or plug of rmodules
4 Rack or station failure

Function block & Time of day
O & Status
’ﬁ & Update

— | AL Prrfile
OB200

Language:

we 4
Murnber: 20| El

@ manual

O Automatic

Cyclic time (ms):

Description:

A "Cyclic interrupt” OB allows you to start
prograrns at periodic intersals,
independently of cyclic prograrm execution.
The intervals can be defined in this dialog or
in the propetties of the OB.

OB1 IOBl k B1

200 Prio 7 shinagd
4=
Prio 1
<=
H_J

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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3.12.1.

Phase offsets for cyclic interrupts

Cyclic interrupt [OB202]

Attributes

Cyclic interrupy

B A I e U L gy .|

i
General i

- r:a_ Program blocks = 3
2 geners! [ Cyclic interrupt {

B Add new block information /[ | ¥© P !

. 1

o Time starmps 3

kain [ZE1 . §

& [ ] Compilation || Cyclic time (ms): |1UDD ] {

& CB_Cyclicinterrupt [OB235] Protection Phese oftsee(ms): [0 ¢

o

Cyclic interrupt_1 [OB204]

E=| Froperties...  Alt+Enter 3
- '——‘!f General | 1
T o) General

Information

Cyclic interrupt

Time stamps

Protection I
Phase offset (ms): | 200
W 0B 204 Attributes -

“1000ms. KR

2
i
7
1
¢
Cornpilation Cyclic ime (ms): | 2000 {
4

Phase offset T I T et e P i S S S S |

Phase offset

Note

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.

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

3-18

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"

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

in the area tree, click on the group "Cyclic interrupt"

the input fields for the time interval (cyclic time) and the phase offset are displayed
enter the time interval and the phase offset

confirm the entries with "OK"
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3.13. Task description: Fault evaluation on the analog channel

Analog module

Simulator

NN L,
[ s
S 10 -~

211.759 )

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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3.13.1. Exercise 1: Parameterizing the Analog Module SM 1234
v [ PLC_1 [CPU 1214C DO/DGDC]
I]T Device configuration C_
B Online & diagnostics
- r:El Frograrm blocks
mﬁPEerties ||"_i,'.lnfo y||ﬁ Diagnostics
J General || 10 tags " System constants ” Texts |
» General I
- A lAD 2 > Channel0
» Analoginputs
Channeld Channel address: |IW96 |
S Measurement type: |Voltage |v|
Channel2 b
channela i Woltage range: | 10 |v|
» Analog outputs il Smoothing: | Weak 4 cycles) [~
0 addresses il
ST R e [W) Enable averflow diagnostics
[¥) Enable underflow diagnostics
B e i o T RSP S S I R
Task
Parameterize the analog module SM 1234.
What to Do
Make the settings for the analog module as shown in the picture.
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3.13.2. Exercise 2: Hardware diagnostics for diagnostic interrupt

JW‘ ‘E‘F Topology view Hﬁﬂ-h Network view ||—|]'|‘ Device view L
G0 © El=d PR [ & B eH | =gl
4 5 3 7 g E

Marme
> ] My_Project )
B Add new device -
Eﬁ, Devices & netwarks
= [ PLC_1 [CPU 12740 DODODC] |

[ Device configuration

103 102 101

SIMTRE

;ﬁ Go offline

B anline & disgnostics

= jaci
b g Frogram blocks . .

.—? N ) o B sssign deviee name
b Ly Technology objects -

3 External source files
b g FLCtags [ Update and.display forced operand

Receive alarms

] Tﬂ PLC data types

= Cross-reference information  Shift?
b 2zl Watch and force tables

v [l online backups Fel Properties Alt+Enter
b [ Traces <m 100% = —§— W
Export madule labeling strips... N = 5 B
3 r.ﬁe Device proxy data j P J F *—‘-I'I“fo |ﬂ Diagnostics |
e i .
Lo linto J Device information || Connection information || Alarm display |
£ Text lists i ]
~ [ Local modules 1 devices with problems
rE PLC_1 [CPU 1214C DCIDG 'ﬂ' onlir.. Ty Oper.. Devicsimodule Cornection establi.. Message Details
B - P
[l AQ 11 28171 g Errar . RUN FLC_1 Direct Errar For mare detailed information, refer to device diagnostics

T 414275 bits £ 40214 bi..
[l 018008 x 24vD G 1

T e B e s e I iy g i

BERSe

Lk

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 = select Station > Go online
3. Open the list of Local modules
My_Project > PLC_1 - Local modules
4. Open the faulty analog module
Double-click on the module
5. Inthe Inspector window, display the "Diagnostics” tab and click the link in "Details". > The
diagnostics buffer of the CPU opens.
r\»;és:» The Diagnostic Interrupt OB 82 can be programmed to give you detailed information
. about the error event. (evaluation of the OB 82 start information).
TIA-MICRO?2 - Analog Value Processing 3-21

Training Document V16.00.00



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

SIMATIC S7-1200 Advanced Course

3.13.3. Exercise 3: Evaluating the diagnostics buffer of the CPU

Diagnostics buffer -
Event class with
indication whether
coming or done event

Events

[ Display CPU Time Stamps in PGIPC lacal time

Mo, Date and tirme Event ™

1 NFZ01212:253:059.841 ... High limit exceeded 'l' [ |
172012 12:23:04.646 ... High limit exceeded H E
1712012 12:12:09.329 ... High limit exceeded (Y |

s .
17/2012 121 0000.509 ... Follow-an aperating made change - CPU changes from STARTUF ta RUN mades |

5 17i201212:10:00405 .. Communication initiated request: WARM RESTART - CPU changes frarm STOP to...
6 17i201212:110:00.405 .. Mew startup information - Current CPU operating mode: STOP

7 NUTIZ01212:0%58.805 .. Mew startup information - Current CPU operating mode: STOP
g
<

V2012120058705 ... Mew startup information - Current CPU operating mode: STOP

| i
Freeze display

Details on event:

Details on event: _pL --... mmmeanl Ewent|D: |16# 06:01C0

Error: High limit exceeded on 10 s
PLC_1 /A4 13 bits | AQZ % 14 bits_1. e’

B[ < <[4
Hi@@@ i“ﬁ

Error details

Descr,ip‘tﬁ-n-:
~

e

Task

Evaluate the information highlighted in the picture.
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3.14.

Task description: Converting the analog value and outputting it
on the touchpanel

-10V

ov 1. Set the “part weight” |
on the potentiometer
+10V l
Poti

2. Convert the analog value = =
into weight values

3. Display the set part
weight on the touchpanel

Task Description

An analog value processing is to be programmed in a cyclic interrupt. The converted analog value
(part weight: 0 to 500kg) is stored in memory word "MW_Weight" (MW36) 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 "M_Weight OK" (M35.0):

e 100kg < MW36 <400kg - "M_Weight_ OK" = TRUE
e otherwise - "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 "M_Weight_OK” 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 "FC_Signal” and
"FC_Conveyor” necessary for this must be programmed by you.
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3.14.1.

Exercise 4: Inserting "OB_Cyclic interrupt”

Project tree m 4

Devices

Marme
¥ ] My Project
B ~dd new device
iy Devices & networks
~ [ PLC_1 [CPU 12714C DEDGDE]
Y vevice configuration
%) Online & diagnostics
R!;:; Program blocks

] ZXLI/Eﬁ Add new block
OE_cycle [0B1]
48 FC_ConvMotor [FC16]
48 FC_Count [FC18]
4 FC_Fault[FC17]
4 FC_Indicate [FC14]
& FC_Mode [FC15)
¥ g System blocks

] F_* Technology objects

4 External source files

v [ FLCtags

Add new block

-
L = Teme: ~a

|Cy(h[intErrupt q

-
...-------
= il

p ~ & Program cycle

.
i s & Startup
OB P e Timedelay imewugt,
Organization Q 4 Cyclic interrupt :
P block | ,# % agrardugrejnsrame *
et mmm® 4 Time error interrupt
4 Diagnostic erfor interrupt
# 4 Pull or plug of modules
FB 4 Rack orstation failure
Function block & Time ofday
L ___# | 38 Status
r T —— 4 Update
4 Frofile
% 3 MCnterpalator
&8 MCServo
Function & MCPreseno
3 MC-PostSeno
!
Data block

» | Additional information

% .
e I S b
.
-

‘(‘;)_Almwaiic. ..

~
Celc ime (me)f
-~ »

c Strnmmm==”
Description:
A"Cyclic interrupt” OB allows you to start
programs at periodic intervals,
independently of cyclic program execution.
The intervals can be defined in this dialog or
in the properties of the OB.

mare...

[W] Add new and open

I—\-l:
b | PLC data types » -

IxL oK | ‘ cancel ‘

My_Project > PLC_1 - Program blocks - Double-click on "Add new block"

Task

Insert the Cyclic interrupt OB into your user program.
What to Do

1. Open the "Add new block" dialog

2. Select the OB type "Cyclic interrupt"

3. Assign the block name "OB_Cyclic interrupt”

4. Set a cyclic time of 250ms

5. Click on OK
3-24
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3.14.2. Exercise 5: Programming Analog Value Processing and Lock Outs

¥  Network 1: Morming of input

Comment

—EN
0 — MmN

SV 6 SCALE_X

"5 _Weight” — VALUE ouT — #tempReal Real to Int
27648 — MAX END EM

0= MN WIVB6
#tempReal — VALUE ouUT — "MW_Weight”

500 — pmax ENO —

- Network 2: Weight controll

Comment

IN_RAMGE
S
100 — MmN %M35.0
Ve *M_Weight_OK"
MW Weight” — yAL =

400 — MAX — —_—

Task

Program the analog value processing represented in the picture in "Cyclic_interrupt” and then the
lock outs dependent on the part weight in "FC_Signal” and "FC_Conveyor”.

What to Do

1. Activate the instructions NORM_X and SCALE_X and assign the parameters as shown in the
picture.

@ #tempReal is a local, temporary tag variable of the type REAL
@ PLC tags are already created for the tag variables "S_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 "M_Weight_OK”.

3. Insert "M_Weight_OK" as a lock out in the correct locations in "FC_Signal" and
"FC_Conveyor".
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3.14.3. Exercise 6: Downloading blocks into the CPU and testing the display on the
touchpanel

Marme
¥ ] My_Project
ﬂl‘ #dd new device
i Devices & networks
~ [ FLC_ 1 [CPU 1214C DEDCDC]

Y Device configuration
| online & diagnaostics 4'\

1XR)|B Prograrm blocks :?_lo;\ﬂl:oad
K Add new block —‘/
4 OB_Cycle [0B1]
4 0B_Cyclic interrupt [0B235]

bt ]

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 - 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
Set an invalid weight and check whether the bay indicator lights on the conveyor model
remain dark and whether the conveyor motor can no longer be started
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3.15. Additional Information
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3.15.1. Additional exercise: Return of reject parts

oV

@ Good part when weight OK (M35.0 ='1")
10v—+10V 100kg <= Weight <= 400kg
Potentiometer to set (simulate) the weight:

Oto 10V == 0to 500kg Removal point

Reject parts  Good parts

o Al

1
Return of reject parts:
when M_Weight_OK ="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 "Cyclic_interrupt”. If the part weight is outside the allowed range of 100 to 400kg,
the bit memory "M_Weight_OK" (M35.0) is assigned the status '0'".

Task
Parts whose weights lie outside of the allowable range are to be returned to Bay 3 ("B_Bay3",
18.7). As well, these parts are not to be counted.
What to Do
1. Expand the block "FC_Conveyor" to include the described return function
2. Expand the block "FC_Count" in such a way that the reject parts are not counted
3. Save your project and download all blocks into the CPU
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4. Data Blocks
4.1. Objectives

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

understand the purpose of global data blocks

be familiar with elementary and complex data types

be able to monitor a data block

be familiar with the possibilities for addressing data block variables
understand the principle of retentiveness in data blocks

be able to indirectly address Array elements in FBD/LAD

Objectives

In this chapter, the purpose of data blocks and the S7 data types are presented. The goal is that
the participant can create a data block and declaring it.

In this context, the term retentiveness is also presented and the possibilities of using it.
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4.2. Data blocks (DBs)

Operating system

Legend:
OB = Organization block
FB = Function block

. )
FC = Function FB with
DB = Data block Instance DB

DB

FC

/
\v

FB

@\

/FC

The maximum nesting depth
depends on the CPU!

Overview

Data blocks are used for storing user data and take up space in the user memory of the CPU.
Data blocks contain variable data (for example, numeric values) with which the user program

works.

The user program can access the data in a data block with bit, byte, word or double-word
operations. The access can be either symbolic or absolute.

Area of application

You can use data blocks in different ways, depending on their contents. You differentiate

between:

o Global data blocks: These contain information that all the logic (code) blocks in the user

program can access.

e Instance data blocks: These are always assigned to a particular FB. The data of these
instance DBs should only be processed by the associated FB.

Creating DBs

Global DBs are created either with the Program Editor or according to a previously created "user-

defined data type" (UDT).

Instance data blocks are generated when a function block is called.
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4.3. Overview of data types in S7-1200
 Bit data types
J\ BOOL, BYTE, WORD, DWORD, CHAR, WCHAR (as of FW 4.1)
Elementary + Mathematical data types
data types SINT, INT, DINT, USINT, UINT, UDINT, REAL, LREAL
(up to 64 bits) i
—l/ + Time types
TIME, DATE, TIME_OF_DAY
J\ « Time type (DTL)
Complex « Array (ARRAY[x..y])
data types
 Structure (STRUCT)
_l/ » Character string (STRING, WSTRING)
User-defined . :
detiz . - PLC-data types (User Data Type UDT)
Overview

Variables are used to store data. The data type of a variable determines the amount of memory
space it requires, its value range and the presentation of the variable value in the editor.
Furthermore, the possible operations with which a variable can be processed arise from the data

type.

Elementary data types

Elementary data types are predefined in accordance with IEC 61131-3. They always have a
length less than or equal to 64 bits.

Complex data types

Complex data types contain data structures that can be made up of elementary and/or complex
data types.

Complex data types can be used for the declaration of variables only in global data blocks and
within blocks for the declaration of local variables (TEMP, STAT) as well as parameters (IN, OUT
and INOUT).

Variables of complex data types cannot be processed completely with instructions (such as
comparator), but only the components of elementary data types.

User-defined data types (UDT)

4-4

UDTs are templates for declaring variables of complex data types or structure variables. UDTs
are created with the Data Block Editor and contain a data structure that is made up of elementary
and/or complex data types. In the declaration of a variable according to data type UDTX, a
structure variable is created whose inner data structure is defined by UDTx.

UDTs can be used for the declaration of variables in global data blocks and within blocks for the
declaration of local variables (TEMP, STAT) as well as parameters (IN, OUT and INOUT).
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4.3.1. Elementary datatypes for S7-1200

Data type Length (in bits) Constants Variables
BOOL 1 lor0 11.0
BYTE 8 B#16#A9 MB70
WORD 16 W#16#12AF MW72
DWORD 32 DW#16#ADACLEF5 QD40
CHAR 8 w DBB4
WCHAR as of Fw 4.1 16 WCHAR#a' MW50
INT 16 123 #Value
DINT 32 L#65539 MD80
REAL 32 1.2 or 34.5E-12 DBD60
SINT 8 +/-50 MB24
USINT 8 50 MB24
UINT 16 12654 W22
UDINT 32 4875678 DBD64
LREAL 64 LREAL#1.0e-5

BOOL, BYTE, WORD, DWORD, CHAR, WCHAR

Variables of the data type BOOL consist of one bit. Variables of the data types BYTE, WORD,
DWORD are bit sequences of 8, 16 or 32 bits. The individual bits are not evaluated in these data
types. Special forms of these data types are the BCD numbers and the count value as it is used
in conjunction with the count function as well as the data type CHAR which represents a
character in the ASCII code and as of FW 4.1 WCHAR for representing characters in the
extended character set (Format Unicode).

INT, DINT, REAL

Variables with these data types represent numbers with which relevant mathematical operations
can be carried out.

Extensions of INT, DINT, REAL

e U - Unsigned
Variables with the extension U represent an integer without sign.
Data types: USINT, UINT, UDINT

e S —Short
Variables with the extension S represent an integer with a length of 8 bits.
Data types: SINT, USINT

e L-Llong
Variables with the extension L represent a number with a length of 64 bits of the data type.
Data types: LREAL

TIA-MICRO?2 - Data Blocks 4-5
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4.3.2. Datatypes for Timers, Date and Time-of-day
Data type Length (in bits Example
Timers
TIME 32 T#2h46m30s630ms
Date and Time-of-day
DATE 32 D#1984-01-01
TIME_OF_DAY (TOD) 32 TOD#18:15:18:999
DTL 96 DTL#1984-01-01-18:00:30:250000000
(see next picture)
TIME
A variable of the data type TIME (duration in [ms]) occupies a double word. This variable is used,
for example, for specifying time values in IEC timer functions. The contents of the variable are
interpreted as a DINT number in milliseconds and can be either positive or negative (for example:
T#1s=L#1 000, T#24d20h31m23s647ms = L#2147486470).
DATE
A variable of the data type DATE is stored in a word in the form of an unsigned integer. The
contents of the variable represent the number of days since 01.01.1990 (for example: D#2003-
10-31 = W#16#13BB).
Time_Of_Day
The data type TIME_OF_DAY (TOD) occupies a double word and stores the number of
milliseconds since the beginning of the day (0:00 o’clock) as an unsigned integer.
TIA-MICRO?2 - Data Blocks
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4.3.2.1. Complex data type: DTL

T Static
B ¥ Date_Time oTL DTL#1970-01-01-00:00:00 Data type
L YEAR Ulnt 1970
L M CITH UsInt 1
L DY UsInt 1
L WEEKDAY UsInt 5 DTL
u HOUR UsInt 0
u MIMUTE USint 0
L SECOMND USint 0
a MANOSECOND  UDInt 0 The data type DTL represents a point in
time which consists of information on date
g and time-of-day. The individl_JaI
#Time. L T components can be accessed directly.
| | EN ENO
RET_ WAL HSTATUS
ouT #Date_Time i l
MOVE
a iyl
#Date_Tirme. 3k QUTT — #Hour
"HOUR — 1y Hour 12

DTL

The data type DTL has a length of 12 bytes and stores information on date and time-of-day
precise to the nanosecond since 1.1.1970 in a pre-defined structure.

The structure of the data type DTL is made up of several components which, in each case, can
have a different data type and value range. The data type of a specified value must be compatible
with the data type of the respective component.

The following table shows the structure components of the data type DTL and their properties:

Byte Component Data type Value range
0-1 Year UINT 1970 to 2554
2 Month USINT 1to 12
3 Day USINT 1to31
4 Weekday USINL '}'rssl\i\?ed;ggat; i7s(nsoa;t<l31(r)?1?i/(3ered in the value entry.
5 Hour USINT 0to 23
6 Minute USINT 0to 59
7 Second USINT 0to 59
8-11 Nanosecond UDINT 0 to 999 999 999

Advantage: the individual values (day, hour, etc.) are easier to read out.
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4.3.3. Complex data types for S7-1200
Data type Length (in bits) | Example
STRING 8 * (number of ‘This is a String”

(character string with
max. 254 characters)

WSTRING (as of Fw 4.1)
(character string with
max. 254 characters)

characters +2)

16 * (number of
characters +2)

"SIEMENS’

WSTRING# A String in the extended
format UNICODE’

ARRAY User-
(Group of components defined Measured values: ARRAY[1..20] of INT
of the same data type)
STRUCT User- Motor: STRUCT
(Structure, Group of defined Speed DINT
components of different Current : REAL
data types) END_STRUCT
PLC-data type (UDT) UDT as block UDT as array element
(User Defined Data Type) User-
"Template" consisting of defined STRUCT Drive: ARRAY[1..4]
elementary or complex Speed : INT of UDT1
data types Current: REAL

END_STRUCT

Complex Data Types

Complex data types (arrays and structures) consist of groups of elementary or complex data
types.

They enable you to create data types suitable for your problem with which you can structure large
quantities of data and process it symbolically.

Complex data types cannot be processed directly with STEP 7 instructions all at once. Only one
component at a time can be processed.

The lengths of complex data types are defined by the user.

Variables with complex data types can only be declared within global data blocks and as
parameters or local variables of logic (code) blocks.

PLC-Data Type/User-defined Data Type (UDT)

User-defined data types represent self-defined structures. This structure is stored in UDT blocks
and can be used as a "template" in another variable ‘s data type. You can save typing time when
you input a data block if you need the same structure several times.

You need the same structure 10 times in a data block. First, you define the structure and save it,

In the DB, you then define a variable "Addresses" as an array with 10 elements of the type

That way, you have created 10 data ranges with the structure that is defined in Userdatatype_1

TIA-MICRO?2 - Data Blocks

Example
for example, as Userdatatype_1.
Userdatatype 1:
Addresses: array[l1..10] Userdatatype_1
without "typing".
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4.3.3.1. Array, STRUCT, PLC-datatypes

)

v

n v

R N -

PartCounter

5 ¥ Weightstore

setpointho
actualMo
PartWeights
PartWeights[1]
PartWeights[2]
PartWeights[3]
PartWeights[4]
PartWeights[5]
PartWeights[6]
PartWeights[7]
PartWeights[8]
PartWeights[9]
PartWeights[10]
motor]
start
stap
setspeed
actspeed

temperature

Data type

IEC_COUNTER
Struct
Int

Int
Array[1.10] of Int
Int

Int

Int

Int

Int

Int

Int

Int

Int

Int
“drive®
Bool
Bool
Int

Int
Real

startvalue Retain | Accessible from HMIIOPC UA | Writable from HMIIOPC UA  Visible in HMI engineering

[=1

OREEE

& 2 0o o oo o oo

[E
I
m

NEEEEERREARERREEREDDEEE
FEEREREARERREAREEE
FEEREREARERREAREEE

o o a g g

=]

Array

Array (or field) represents a data structure that consists of a fixed number of components of the

same data type.

STRUCT

STRUCT (or structure) represents a data structure that consists of a fixed number of components
of different data types. The structure must be reassembled at each point of use. If a structure is to
be used more than once, it is advantageous to create a PLC data type.

PLC-datatype

User-defined data types that serve as templates for declaring parameters and variables of

complex data types (e.g. structure variables). UDTs are created with the data block editor and

contain a data structure consisting of elementary and/or complex data types. When a variable is
declared according to data type UDTX, a structured variable is created whose internal data

structure is defined by UDTx. UDTs can be used to declare variables in global data blocks and
within blocks to declare local variables (TEMP, STAT) and parameters (IN, OUT and INOUT).
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4.4, Creating a data block

+ [ PLC_1 [CPU 1214C DGDGDC] A Hew Back v = X
Y vevice configuration :-Name !
. 2 2 [] |Data_b|ock_‘l| ‘ :
B Online &diagnostics === |aessssssssssssssssssaE s
",\_r;i:; Pragrarm blocks Trpe:
2xL _‘:‘é Add new block OB Language: DhID
ack_
3 OB_cycle [2B1] 4 Organization = 0| E conomons
s Blme £/ IEC_COUNTER
4 OB_Cyclic interrupt [0B235] ) manusl 2
— 18 IEC_DCOUNTER
38 FC_ConvMotor [FC16] (®) Automatic 1| IEC_SCOUNTER =
. E| IEC_TIMER.
& FC_Court[FC18] FB peseripyion 1B IEC_UCOLNTER
'_ FC_FEIUIt [FC1 ?] Functiol bck Data Wlocks (DBs) save program data. i |EC_UDCOUNTER.
. 1E| IEC_USCOUNTER
= FC_"'IEIICEIT:E [FC14] E| Receive_Conditions
4 FC_Mode [FC15] 1E| TADDR_Param

— s W

Function

Select the DB type: b

Global DB, ' :

Instance DB for FB or . EB .
; '
1

DB of PLC-Data type
_______ More...
? ‘Additional information I l

to be generated

Add new and open b oK . Cancel
] ' '

Creating a DB

A new data block can be inserted — as shown in the picture.
You can create a new data block in the Portal view as well as in the Project view of the respective
project.

Global DB

Global data blocks are used to store global data, that is, to store general data which can be
accessed by every logic (code) block (OB, FC, FB).

You must edit global data blocks yourself by declaring the necessary variables for storing the
data in the data block.
Instance DB

Instance data blocks serve as "private memory area" or as "memory" for a function block (FB). In
the instance DB of an FB, its parameters and static variables are managed.

Instance data blocks are never edited by you, rather are generated by the Editor.

DB of Type

Data blocks can also be generated according to a PLC-data type by the Editor. For this the PLC-
data type, which you must first edit just like a data block, is used as a template.

The PLC-data type can be used as a template to create further data blocks and / or also in
general to declare variables and block parameters.
Type of Access

The type of access is defined as "Optimized block access" when the block is created. It is
possible to change this later through the Properties of the block in "Attributes".

TIA-MICRO?2 - Data Blocks
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4.5.

Block access for DBs without the attribute "Optimized block
access"”

is possible.
DB in the offline project DB in CPU
BOOL BOOL
BOOL BOOL
[-] optimized block access 14 bits 14 bits
unused unused
DB_Standard
Marme Data type | Offset
1 * Stati . .
a . ane | INT DB is copied INT
< 4 var_l | Boo 0.0 unchanged into
3 |« = War_2 Bool 0.1 the CPU = no
4 |4 = War_3 Int 2.0 BOOL optimization BOOL
5 |4qm = Var4  Eoal 4.0 BOOL BOOL
6 |g] = War_5 Bool 4.1 BO:L BOSL
13 bits 13 bits
7o« m War_f Bool 4.2 unused —
=TT War_F Int 6.0
INT INT

Data Block without the Attribute "Optimized block access"

When a data block does not have the attribute "Optimized block access", it has the following
properties:

e Variable addressing

Data blocks with standard access have a fixed structure. In the declaration, the data elements
contain a symbolic name as well as a fixed address within the block. The address is displayed
the column "Offset".

e Retentivity

Only the entire DB can be defined as retentive or non-retentive - poorer utilization of the
retentive memory of the CPU

e Use (for example)

“PUT* and “GET" calls
So that the DBs in an S7-1200 can be addressed by a remote S7 controller (such as,
S7-300) with the blocks PUT/GET, the DB variables must be addressed absolutely.

- HMI with SIMATIC WinCC flexible
When WiInCC flexible is used for the configuration of (older) HMI devices (such as,
TP170B), DB accesses are always absolute.

- T_Communication

in

Even for the configured/programmed open T_Communication (between S7-1200 and S7-
300/400), DB accesses (for example, to Send/Receive buffers) must be made absolutely.

TIA-MICRO?2 - Data Blocks
Training Document V16.00.00

4-11




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

SIMATIC S7-1200 Advanced Course

4.6. Block access for DBs with the attribute "Optimized block

access”
Is not possible.
DB in the offline project DB in CPU
BOOL > BOOL
BOOL > BOOL
BOOL
2 bytes 14 bits BOOL
unused During generation, variables are arranged
memory-optimized. BOOL
11 bits
unused
2 bytes o
INT
BOOL ‘ [¥) optimized black access
BOOL DB_Optimized
2 bytes BOOL Narne Deta ype
13 bits 1 <@ > Static INT
unused 2 a@-n. var_1  Bool
3 e War_2 Boal
4 |<q] = War_3 Int
5 < = War_ 4 Boaol
2 byteS INT 6 4mu War5  Bool
"""""" ET L War_t Bool
8 byteS 5 < = War_7 Int

2 bytes

2 bytes

Data block with the attribute "Optimized block access"

With the attribute "Optimized block access", you can optimally store the variables in the DB.

Variable Addressing

Data blocks with optimized access have no fixed defined structure. In the declaration, the data
elements are only given a symbolic name, no fixed address within the block. The elements are
automatically arranged in the available memory area of the block in such a way that its capacity is

optimally exploited.

Variables in these data blocks can only be addressed symbolically.

Retentivity

The retentivity can be selected separately for each DB variable - optimum utilization of the
retentive memory of the CPU.

Advantages

The optimized access provides the following advantages:

4-12

The data is structured and stored in a way that is optimum for the CPU used. In that way, you
increase the performance of the CPU

Access errors, for example, from the HMI, are not possible

You can specifically define individual variables as retentive
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4.7.

Start value, monitor value, retain (retentivity)

-

Eagbe

-

FRERA

DB_Optimized

Marne

Static
War_l
Var_2
Var_3

Var_4

DB_Optimized

Marme

Static
War_l
War_2
War_3
War_4

Data...

Bool  true
It 10
Bool [false

@] s

Data...

Bool
Int 1aQ
Bool  falze

Bl 55

tru

Start value Monitor ..

Not retentive

Startwvalue  Monitor .

Retain

DB_Optimized

Marne Data.. Startwalue Monitor .. | Retain
4l - Static

Var_1 Bool  true TRLIE ™

Var 2 Int 10 10 ™

Var_3 |Bool  false FALSE [l

Var_4 .qu 553 (|

] -
M g
M Al
O

I

DB_Optimized
tain Marne Data.. Startwva

Retentive

Static
YVar_1 Bool  true
Var_Z Int 10
Var_3 Bool false

Var_d .qu

Monitor .. Retain

FALSE )
L@
TUETTT [
99.9 ]

If the DB's attribute "Optimized block access" is activated, the retentivity for all variables can be selected

separately. If the attribute is not activated, either all variables are retentive or none are.

Retain

To prevent data loss when there is a power loss, you can identify certain data as retentive. These
are stored in a retentive memory area. A retentive memory area is an area whose contents are
retained after a restart (warm restart), that is, after switching off the supply voltage and after

switching on during a transition from STOP to RUN.

You can define the following data as retentive:

e Bit memories:
You can define the exact length of the retentive memory area for bit memories in the PLC tag

table or in the assignment list.

e Variables of a function block (FB):

You can define individual variables as retentive in the interface of an FB if the symbolic
addressing of the variable is activated for this block. If the symbolic addressing for an FB is
not activated, retentive settings can only be made in the associated instance data block.

e Variables of a global data block:

In a global data block, you can define either individual or all variables of the block as retentive
depending on the setting of the symbolic addressing.

TIA-MICRO?2 - Data Blocks
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4.8. Editing and monitoring a data block

My _Projoct » Add e iz JGDUDC] » Program blocks » DB_Parts [DB99]

L - — r== Monitor DB
P E LR MeE 0 BE B
DB_Parts / Is displayed in the WinCC
Marne Data type Startvalue  Retain | Accessible frorm HMIE Wisible in HMI tag selection dialog

<0 * Static

<Al = ¥ Parts_Counter IEC_COUMTER
L] cu Boal false
= D Eoal false

Can be used in the HMI

L] R Boal false
L] LD Boal false

REREE

Retentive

] ]

-a

-a

-

-a 4 4

4 = ou Boal false

a =  op Bool false For Optimized block access
g - =5 . 0 it can be individually
0@ = o Int i changed
11 <@g = Fartz_Management Struct D @ @
12 40 = Setpoint Usint ] ]| il Start value:
13 | USint o =] ™ Value after first STOP-RUN
14 g = Array[1.100] of Int 7] ] ~ when variable retentive or
15 |-am value with each STOP-
16 - Part_veightl2]] | g4y ctures and Arrays can RUN when variable is not
17 @ = Farweinht3] | pe minimized > better retentive
liﬂ Part_weight[4] overview M w

Editing a data block

The settings shown in the picture can be made for the individual DB variables.

Start value

Value which the variable is to adopt during every startup when the variable is not retentive.
Value which the variable is to adopt only during the first startup when the variable is retentive.

Start value for FBs for static variables:
In creating a data block, the default values defined in the FB are used as start values. These
adopted values can be replaced here with instance-specific start values.

The specification of a start value is optional. If no value is defined, the variable adopts the default
value during startup. If a default value is also not defined, the standard value valid for the data
type is used. For BOOL, for example, the standard value "FALSE" is defined.

Monitor values
Current data value in the CPU.

The column appears when an online connection exists, and you select the button "Monitor".

Snapshot

Displays values which were loaded from the device at a specific point in time.

TIA-MICRO?2 - Data Blocks
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4.9. Function for modifying tags in data blocks

| Reset start values (to default values) |

Update interface (instance DB and PLC-data types) |
|Snapshots of actual values |
|Download without reinitialization | |Load snapshots as actual values |
\ |a|| / only setpoints | |a|| / only setpoints |
: N/

&F =¢ M, = = Keep actualvalueg [ggf| Snapshot B Iia"|,|

|Cop}rsnapshotstostartvalues g & |Loadstartvaluesasactualvalues | IR :!,l
DB_Optimized (snapshot created: 2/25/2019 2:25:51 PM)

Marne Data type Startvalue Snapshot Monitor value | Retain Accessible from |
1 |4 ~ Static
2 l@=  Varad Boal true FALSE FALSE ™ v
3 @e Va2 Int 10 22 22 ™ ™
1 |ag = Var_3 Boal false TRUE TRUE ] W
5 |40 = Var_4 Real 5.5 999 999 ] W

Securing a snapshot

Under certain circumstances it is necessary to read back the monitor values of a data block from
the controller.

With the "Snapshot of actual values" function, the current monitor values of the online DB are
stored in your offline DB.

With the “load snapshot as actual values”, the saved snapshot is put back into the block (actual
value).

Copy snapshot to start values

Then, the secured values can be adopted into the start value column using the & putton (for all

snapshots highlighted in the Setpoint column) or the € button (for all snapshots), whereby the
secured values are adopted as start values the next time the DB is transferred.

Load start values as actual values

The monitored values (actual values) can be reset (initialized) to their start value with this
function. The function is available for all variables or only for the setpoint values (marked in the
setpoint column).

Keep actual values

With the function (Activate memory reserve) blocks can be extended without existing monitor
values (actual values) being lost. The extensions are inserted into a previously created memory
reserve.
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4.10. Retentivity in system FBs (1): Separate instance DBs

RIS iR
s, "DBE_Count" 7

“rammm=”

Int
cu Q Reten_tivity: Either all variables are
retentive or none are
false m—p oy
B P
~ gl Program blocks Instance DBs of system FBs are stored in the Program resources folder >
B\ Add new block User program remains uncluttered
4 0B_Cycle [0B1]
3 ©OB_Cyclicinterrupt [0B233] DB_Count P SIN
4 FC_ConuMotor [FCT6] Name Data type Startvalue " Retain *e
48 FC_Count [FC18] 1 |lag * Static 1 “
48 FC_Fault[FC17] 2 |lgg = fulll] Boal falze :' D = ‘\
48 FC_Indicate [FC14] s P Bl - : D |‘
48 FC_Mode [FC15] 4 l@m R Bool false [] 0 ™ 1
@ DE_Parts [DE9T] g . LD Boal [E) false . 0 - l.
* o Systern blocks o\ )= oU Eoal false H | M .
o PegEmremwees 2 N = oD Boal falze . 0 “
¢~ DB Count[DE1] e 3N = P Int 0 [ O &

5= = =08 Tl Fault [BEA 71T T - 0 % 0 @/

@ DB_CTU_Parts [DB180] v 7] N

@ DE_TCF_Left [DB163] * El'

@ DB_TOF_Right [DB162] s W

§ DE_TON_Fault [DB170] Sealle?

Retentivity
In function blocks which are provided by the system, such as:
e Counters
e Timers
e communication etc.

the instance data can be declared retentive (all or none).

Storage

Instance DBs of system FBs are stored in the program resources folder. That way, the user
program remains uncluttered.
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4.10.1. Retentivity in system FBs (2): Storage in global DB
R L] —
. :D-B:Optimizne.d:_~: DB_Optimized 1 Optimized Global DB |—
~._C_|:|En_te_r__2_ . Marne Data type Startwalue | Retain
CTu 1«4 * Static
Int 2 40 = YR Bool true |
U Qr— 3 |qmm VAR_2 Int 10 =]
- o 4 4m= VAR Bool false =2
< —{Pv 5 @@= VAR 4 Real 55 ]
b o Retentivity: Can be set separately for =
~ [ Program blocks ; 2 : ::E-z vanables,AUrrSellzf and Structures : S
i Add new block =
3 OB_cycle [DB1] 9 <M = ¢ Counter_] IEC_COLUNTER
& 0B_Cyclic interrupt [0B235] 10 < = > Counter_2 IEC_COUNTER |
& FC_ConvMatar [FC16] "va o+ ses false
& FC_Count [FC18] 12 < u ch Bool false
& FC_Fault [FC17) Bool false

48 FC_Indicate [FC14]

 Arrestode FE1EL o \///

‘. @ DB_Optirized [DB2] 7
W OE P toBe "

LD

N

15 4@ = au
16 4@ = QD
17 @ = 2
18 4@ = v

Instance data of system FBs (here:
IEC counter) are declared as variable
in the Global DB

Int ]
Int i

Storage in global DBs

The data from function blocks provided by the system can be combined in a higher-level global
data module. The retentivity can be set there, as for all other variables. The variables to be

defined are of type:
e |EC_Counter
e |EC_Timer etc.
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4.10.2.

Retentivity in system FBs (3): Multiple instance in the FB

variable of the calling FB.

/—‘ Instance data of the counter is created as static

interface.
nterface
Mame Data type Defaultvalue Retain Call' options e
1 [<m Pk Input Multiple instance
2 |<a ¢ OQutput F Hame in the interface lcounter [+
S |« k InCut 1 bB The called function black saves its data in the instance data
. ) Single block of the calling function block and not in its own instance
G| e Stat = =TT o=y INENCE data block. This sllows you to concentrate the instance data in
L S TS ‘g — Yoo a single black and to ger by with fewer instance data blocks in
54 <= » Counterl IEC_COUNTER I Mon-retain 8 ™" ™% | yourprogram.
hEN .’ . — 1 | N of | Fourpred
-
E AP N e e mmmmm == "'--"<\l\]l' F :
= 1
7 4 ¢ Constant B B DB |,
Multi
-~ mstance'O MoRE
¥ Block title: ..
Comrment 7
¥  Nebtwork1: . — :
« | Basic instructions
#Counter_1 O_\)e Marne
[#]s] » [ General
Int » [5i] Bit lagic operations
cD e » [@] Timer operations
= LD O ¥ [41] Counter operations
Py Drag & Drop— - .
[ —— i o
-
&b
Loy

With optimized block call, retentivity can be
set separately for every variable of the

Multiple instance in the FB

4-18

Like the global DB, static variables, for example, of the type IEC_COUNTER can also be created
in the interface of an FB. If such a variable is assigned a corresponding block call (for example, a
counter) in the instruction part, you speak of a multi instance.

The retentivity of the variables in an FB can be set or not set under certain conditions:

¢ In the higher-level function block, the optimized block access is activated:
For parameters and static variables, the property "Retain" can be individually activated or

deactivated.

¢ In the higher-level function block, the standard block access is activated:
In the interface of the FB, the property "Retain" cannot be activated.
In the associated instance DB, the property "Retain” can only be activated or deactivated for

the entire DB.
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4.11.

Accessing DB variables

Access via Symbol //_\
selectionor... ... using drag & drop

Ed 5 directly from the DB
W 'DB_CTU_Parts" Data block d... DE180 | A
@ 'DE_Optimized" Global DB DB2 ps
@ 'DE_Parrs" Glohal DR LE9a Data type
@ 'DB_T Counter_1 |EC_COUMTER ECLS 1 |
@ 0BT Counter_2 IEC_COUMTER E=S 2 |ag Bool
@ 'DB_T Motaor_Data Struct E=Y 3 |gg s s
u Readin Array[1.5] of...
g " all y(1.5] 4 |ag = Bool
3 'max|  YAR2 Int —=1" hel
VAR 4 Real £a
6 <. Array[1..5] of Real
rated_current Real d
7o« = * Motyr_Data Struct
speed Int @ g g |I
[ ] =
started_current l’\\ﬁ Real @‘ =Pee nt =
9‘.'\3’3 L} rated_current Real
b *
““"ID e | L started_current Real
.
o*? 4 11 <@ L] direction Eool
. .
"DE_Optimized". 12 @0 = vaRS Time
Motar_Data, <ssseseesssssa=est®” 13 |gg = WAR_f USInt
speed 14 <@ = » Counter_l |EC_COUNTER
I== 15 < = » Counter_2 IEC_COUNTER
Jint | »
<777 \/

Accessing DB variables

Basically, there are two ways of accessing a DB variable:
e Access via Symbol Selection

With the symbolic selection of a DB variable, the individual elements of the DB are accessed via
dot notation. The same holds true for variables of complex data types.

An access could look something like this:

"DB_Optimized" .Motor_Data.speed
- AN J\

T L Local name of the variable within the structure
Local name of the structure-variable within the DB
Global name of the data block

e Access via Drag & Drop

For this, a DB variable is clicked with the mouse and held and dragged to the appropriate position
in the user program and there let go.

This function is particularly practical when you divide the Editor area in such a way that the DB is
displayed next to the logic (code) block.
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4.12. Task description: DB_Parts

DB_Parts
Mame Data type Startwalue  Retain
<1 ¥ Static
< = P Parts_Counter IEC_COUNTER E
<1 & ¥ Parts_Management | Struct =)
== = Setpoint Int 5
| - Actual Int ]
<0 = ¥ Part_weight Array[1..100] of Int =]
<0 ] Part_weight[1] Int 0
<l u Part_weight[2] Int ]
<l ] Part_weight[3] Int ]
< = Part_teight[4] Int 1]
<20 = Part_teight[5] Int 1]
e _i 4] o= Fart_Weight[6] Int 0
- 134 = Part_weight[7] Int 0
14 41 ] Fart_weight[8] Int ]
15 -0 a Part_weight[9] Int 0
16 |« ] Part_weight[10] Int ]
17 <l ] Part_weight[11] Int ]

Situation up until now

To manage the setpoint and actual quantities, the memory variables "MW_SET" (MW22) and
"MW_ACT" (MW20) are used. These are linked with the corresponding I/O fields on the
touchpanel.

Task description

For the later management of part weights, a data block "DB_Parts" is to be created. For this, a
Structure variable "WeightStore" and an Array variable "PartWeights" are created. In
"WeightStore", the elements "SetpointNo" and "ActualNo" replace the present memory variables
"MW_SET" (MW22) and "MW_ACT" (MW20) in "FC_Count".

The weight values of transported parts will be stored in the Array variable "PartWeights" using
indirect addressing.

Furthermore, a variable of the type "IEC_COUNTER" is to be created in this data block. The
instance of the IEC_COUNTER in "FC_Count" should be replaced by the new variable. The
variable is to be made retentive.

TIA-MICRO?2 - Data Blocks
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4.12.1. Exercise 1: Creating and declaring DB_Parts

R\

o

< = » Part_Weight

Add new black X
O S N
I De_Parts [] \
. 0
. - -
= (@aiobeioe_J¥]
Orgi::\'zcaktion Number:
() Manual
@ Automatic
% Description:
Function block Data blocks (DBEs} save program data.
3
Function D B_Pa ItS
go———C Name Data type Startvalue Retain
] ' 5
' F . 1. €@ ¥ Static
. DB
' X 2 4= » Parts_Counter IEC_COUNTER v
1 Data block 1
| 3 <@ = ¥ Parts_Management  Struct D
> |Additiona| information 4 <4 [ | Setpoint Int 5
[#) Add new and open 5 41 L] Actual Int

O

Array[1..100] of Int

Task

You are to create and declare a data block "DB_Parts".

What to do

1. Create a new data block with optimized access as well as the settings shown above

2. Declare the DB variables shown in the picture

TIA-MICRO?2 - Data Blocks
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4.12.2. Exercise 2: Replacing bit memories with DB variables

*  Network 1: Count parts, Compare-SET-ACT

“DB3
"DE_CTJ_Parts”
%085 %Q4.0 cTu WA1E 4
"K_Right” N_TRIG "F_Operation” | Int "M_ACT=SET
] 1 ] 1
| | LK Q 11 e Q _.--1.3
%WM18.0 4° 08 parst N,
"M_Count® * o - 3
' WeightStare. | Drag & Drop
% }— actuallo ’
\~ 'O
~ - ~
%34.0 “Emm=* s
"F_Operation” P_TRIG DB_Parts A
] | -
11 LK Q LS R Mame Data typg
WM1B.1 o AN - .
‘M Mode(iay | o DB Ferts’. sy BT S r
= : ' WeightStore. § 2 <@ ®= » PartCounter IEC_CDUNTER
T q
‘. setpointho "P\" 3 <= ~ WeightStore Struct [’
W18 4 W8 4 Steanaee” ad@m = setpaintho Int o*
"M _ACT=SET" *5_BaylLE" 5 | = actualNg fne
I I I I 6 <= » PartWeights Array[1..100] of Int

Task
In "FC_Count", replace the memory variables "MW_SET" and "MW _ACT" with the previously
created DB variables "WeightStore.setpointNo" and "WeightStore.actualNo".
What to Do
1. Open data block "DB_Parts"
Now open the function "FC_Count"
3. Display the editor area split either horizontally or vertically
click = or il
4. Using drag & drop, drag the DB variable "WeightStore.setpointNo" onto the parameter "PV"
of the counter in "FC_Count"
5. Using drag & drop, drag the DB variable "WeightStore.actualNo" onto the parameter "CV" of
the counter in "FC_Count"
6. Save the changes you made
Result

Setpoint number and Actual number are now managed in DB_Parts. The Setpoint has the start
value "5".

TIA-MICRO?2 - Data Blocks
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4.12.3. Exercise 3: Making the IEC-Counter retentive (Global DB)
U .. » FC_Count[FC18]
e E SN, = == = 2 =F B, @ B2 "7 Keepactualvalues [gg 4 =2
DB_Parts
T a1 % -
PR PN '~Na~me Data type Start value
¢' [ 13 g1 §'tat¢
,+* | Drag&Drop o] = b PartCounter IEC_COUNTER
e-SET-ACT y 3 El: @ = ~ WeightStore Struct
- - 4 - setpointho Int 5
5 < u actualio Int 0
6 |- b FartWeights Array[1..100] of Int
Q4.0 e % 7 <idd news =
"P_Operation” Int "M bt =
| oy Q
"DEB_Fa
Weightt
oy — actualh
[en ] T <] [ B
What to do

1. Open data block "DB_Parts"

Now open the function "FC_Count"

3. Display the Editor area split either horizontally or vertically.

click - or —U

4. Using drag & drop, drag the DB variable "Part_Counter" onto the IEC_COUNTER in

"FC_Count"

Result

The IEC_COUNTER retentively manages its instance data in "DB_Parts". That way, the current
count value exists even after a CPU (warm) restart.

(Z=
= used instance DB.

TIA-MICRO?2 - Data Blocks
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4.12.4. Exercise 4: Transferring the modified program into the CPU and monitoring
"DB_Parts"

* — '—~ 1
F I saveproject @ M 25| 2 X )@ (H: 4=n_|'|"m:'rj] L & Goonline ¥ Gooffline | g

PLC_1 [CPU 1214C DC/DC/DC] » Program
Devices

&5 EI' D'Eh‘: Keep actual values |gg  Snapshot
‘~_¢'
* ] TA_MICROZ Data type Start value
K Add new device 1. &l = Static
gy Devices & netwarks 2 4l = b _RasCeunter====- TEC COUAER = = w o L -
~ [ PLC_1 [CPU 1214C DT l+-%0 =~ weightStore Struct TTeelll
[IT Device configurati ': 4 |40 L setpointio Int 5 ‘
___%.Qnlioe & diagnostics “{s.aa - actualla Int 0 __-"
i ¢-~ w gl Program blocks N, 65 -;ﬂ.;.'l"f’a' M o m ﬁ.rr,a;{l_hﬂﬂ].ﬂfh‘lt""----
Tt g addmembiEE T 7 = <Add news |

3 Cyclic interrupt [OB30]
3 OB_Cycle [OB1]

| FC_Conwveyor [FC16]
2 FC_Count [FC18]

B FC Fault [FC17]

Task

Save the changes you made previously and then transfer the entire user program into the CPU.
What to do

1. Save your project

click H Sawve project

2. Transfer the user program into the CPU

Select the Program blocks folder = click i to start the transfer.

3. Monitor the Setpoint and Actual of "DB_Parts".

4. Test the retentiveness of the counter by producing at least one part and then restarting the

CPU with, for example, the buttons [E. and = .

5. Save your project

Result

The count (ActualNo) is retained even after a CPU (warm) restart.

What Doesn’t Work Yet

At the moment, the 1/O fields on the touchpanel are still linked with the old memory variables and
therefore do not show the correct values. This behavior will be corrected in the next exercise.

TIA-MICRO?2 - Data Blocks
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4.12.5. Exercise 5: Updating the HMI tag interfacing and transferring it to the
Touchpanel

) 'l Properties i
New interface necessary

Characteristics

J Properties || Animations || Events || Texts | %
2 Fropeny list General }3
i:;:;arlance Process ‘%

%

.~
Tag: |Mw_ACT 7

. Laxo ut

! s - o
r r r ~ g Program blocks N a‘\d —
ame atat..
Il ||]U,|J_U| L[UlyllUJJl (I - ~ | DB_Parts [DB1] — ,
. a a ¥ <3l PartCounter -
l r [ cc00oaal [Tk i ightStore: _ B setpointi it
R b < Partiieights =H actualio Int
L ! b | System blocks /
AL » [ Technology obj...
» [J PLCtags
» [ Local modules
e i
J Properties || Aninvations || Events || Texts | ~ [ HMLT [KTP6O0 Basi..
- <[ w ] <] I ]
=¥ Property list
Genergl [|showsall EER Wi A new |

Process
Appearance

Characteristics

;
!
)

Tag: |MW_SETF |_IJT|)
«

. Laxout
Task
To adjust the HMI project to the previously modified PLC program, the HMI tags used must be
linked to the data block variables "DB_Parts".WeightStore.actualNo and
"DB_Parts".WeightStore.setpointNo used in the PLC program.
What to do
1. Open the HMI project and there the screen "Conveyor"
My_Project=> HMI_1 - Screens - Conveyor
2. Open the General Properties of the 1/O field "Setpoint"
Click on 1/O field - Inspector window - Properties > General
3. As shown in the picture, exchange the present process tag with the DB variable
"DB_Parts".WeightStore.setpointNo
Process = Tag = "..." & navigate to "DB_Parts" > "WeightStore" > select "setpointNo"
Repeat Step 3 for the 1/O field "Actual”.
Transfer the modified project to the touchpanel.
Monitor whether the Setpoint is written into the variable "DB_Parts".WeightStore.setpointNo
when you specify a new value on the panel.
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4.13. Task Description: Archiving part weights in "DB_Parts" using
"FieldWrite"

Storing the current part weight in the Array
element, depending on the actual quantity

DB_Parts

Part_Weight  Array[1..100] INT

[1] | 187 |

Count event (positive edge), e.g.

for Part No.5 2] | 235 |

: (3] | 398 |

Act. (Weight) 4 | 59 |

P_Operation" | & i 4 |:> (.'gé_é_'_; ................... [.5]..}>¢:-_ 285_:‘: |

[6] | 0 |

“K_Right" - e N J 7 | 0 |
¥/

Situation up until now

In the operation, parts are placed on Bay 1 or 2 and after they have passed through the light
barrier, they are counted with the IEC-counter "DB_Parts".Part_Counter. As well, the weight of
the relative part is determined using analog value conversion and is tested for validity.

Task description

The individual weights of the transported parts are now to be stored in the components of the
Array variable "DB_Parts".PartWeight whenever a part has passed through the light barrier during
operation. For this, use the instruction "FieldWrite".

The variable "DB_Parts".WeightStore.actualNo specifies which Array component is to be written.
For this, program all necessary instructions in the re-usable function "FC_Ind_Weight".

In the function, declare the following parameters

e IN
- "NewWeight" BOOL "Trigger to save the weight"
- "Weight" INT "Transfer parameter of weight value"
- "ActualNo" INT "Transfer parameter of actual quantity"
e OUT

- "WeightStore" ARRAY[1..100] of INT "Transfer parameter for DB-Array"

TIA-MICRO?2 - Data Blocks
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4.13.1. Indirect addressing of Array elements with
"FieldRead" and "FieldWrite" (1)
DB_Parts
. . . Mame Datentyp Beobachtungswert
Value which is written 1 4 v Static
in the indexed Array 2 4@ = » PanCounter IEC_COUNTER
e|ement 3 <0 = » FParthanagement Struct
4 @ 5 ¥ Fariieights Array[1..100] of Int
T | L] Fartweights[1]  Int 153
LT | L Partweights[2]  Int 128
7 < L Partweights[3]  Int ‘l?ﬁ.
Number of the Array § @@ = FPartWeights[4] Int oy %
element to be written s l@ = Pomweights(s] e .- e =T
1040 = Pamweights[6], . 4 0
1 |la = Parpgraight‘sf?] Int 0
12 40 = . Pamweightsls] It 0
"""" Fisigmrts ) et
tare_Weight Int i es .t
1 F— | B e
4 : -‘"““ i o
#auf__DI_NI - EINDE‘X_,--"' i '"DB_Pams' Specification of the
(RPEED A MEMBER— Part_Weight(1] first Array element
act WAt "y e ]
FieldWrite
The instruction "FieldWrite" transfers the contents of the variable at input VALUE into a certain
component of the Array variable at output MEMBER. The parameter INDEX specifies which Array
component is written.
The first component of the field into which is written is specified at output MEMBER.
Example

In the example shown, the weight value "127" is written in the 4th component of the Array

"PartWeights". This, in turn, is in "DB_Parts".
"127" - "DB_Parts".PartWeights[4]

(& input VALUE must match.

TIA-MICRO?2 - Data Blocks
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4.13.2. Indirect addressing of Array elements with
"FieldRead" and "FieldWrite" (2)

Specific

ation of the

first Array element

3
#aux_DINT

1]
"DEB_Farts".
Part_Weight[1]

EM

INDEX

— MEMEER

DB_Parts
Mame Datentyp Beobachtungswert

1 <@ ~ Static

2 <l = » PartCounter IEC_COUMTER

3 <1 ®= » PartManagement  Struct

4 <0 8 | ¥ Partieights Array[1..100] of Int |

5 L Parteights[1]  Int 153

T = Partweights[2]  Int . ol O

7 4m = Partieights[3] Int 2 oam S

g a = Fartweights[4]  Int “"' Srm=
Number of the Array 5 |am = Partweights(s] |m’,” o
element to be read 104 = Partweights[6] o Tt o

1@ = Parteighss(¥] | Int 0

12 4 = Pa‘rt\h‘éi'ghts[ﬁ] Int il

FieldRead | .
Int “"
ENO """
R Read-out value of the

WALLIE — #readout_weight

indexed Array
element

FieldRead

With the instruction "FieldRead", a certain component can be read out of the Array specified at
the parameter MEMBER and its contents transferred into the variable at the parameter VALUE.
You define the Index of the field components to be read at the parameter INDEX.

The first component of the field which is read is specified at input MEMBER.

In the example shown, the third element of the variable "DB_Parts".PartWeights is read-out and
assigned to the variable #Weight_read.

Example
=5
(&
4-28

output VALUE must match.

— The data types of the Array component specified at input MEMBER and the variable at
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4.13.3. Exercise 6: Creating a re-usable function "FC_Ind_Weight" and declaring

the interface

"FC_Ind_Weight"
FC_Ind_Weight
Name Data type Default value
| < ™ Input
2 |40 = Mew_Weight Bool
3 |4n . Actual_Weight Int
4 |41 = Part_No Int
5 < ¥ Output
6 < = » Weight_Store Array[1.100] of Int
7 < ™ InOut
B u <Add new=
9 < * Temp
10 41 = aux_DINT Dint

Comment
The trigger to save the weight
Actual weight

Actual parts quantity

Transfer parameter for DB-Array

auxliaryvariable

Task

Create the new function "FC_Ind_Weight" and declare the parameters and local variables shown.

What to do
1. Create a new function “FC_Ind_Weight”

2. Declare local variables as shown in the picture
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4.13.4. Exercise 7: Programming the DB access as re-usable using "FieldWrite"

- MNetwork 1: Conversion of Part_Na INT = DINT

COMY
Int to Dint

EN
¥Part_Mo IM ouT Faux DINT

*  Network 2: Save the current weight value if #New_Weight is TRUE

FieldWrite
#Mew_Weight Int

| | EN END

fFaux DINT INDEX MEMBER #Weight_Store[1]

#actual_Weight — yaLUE

Task

Program the saving of the part weight values as shown in the picture.

What to do

1. Program the instruction "CONV" in order to convert the local variable #ActualNo into a
variable of the type DINT.
Basic instructions = Conversion operations > CONVERT

== This is necessary because the parameter INDEX of "FieldWrite" must be assigned with a
= variable of the type DINT.

2. Program the call of "FieldWrite" as shown in the picture.

TIA-MICRO?2 - Data Blocks
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4.13.5. Exercise 8: Calling the new function in "FC_Count"
Network 1
B "DE_Parts".
R R FartCounter
l' *
%85 Q4.0 + fedge_store_ O, Cu
"K_Right® N_TRIG *F_Operation” ' weight ! Int
| 1 | 1 ' | ‘. _
1T CLk Q 11 .,V cu Q
W80 Lo’ AETT L g
"M _Count” ',"
,4}55(':1
Network 2 _ +"FC_Ind_Weight"
y = ENO
#edge_store_ "DE_Parts”.
weight — New_Weight Weight_Store — FartWeights
TVEE
"MW Weight” — Actual_Weight
"DBE_Parts".
WeightStore.
actuallo Part_No
Task
Call "FC_Ind_Weight" in "FC_Count" and pass it the actual parameters shown above.
The saving of weights is triggered under the same conditions as the counting of parts. To "pick
up" the signal, use an assignment and a temporary variable.
What to do

1. Open the function "FC_Count" and in it call the function "FC_Ind_Weight"

2. In Network 1, insert an assignment after the AND-query and assign the RLO to the temporary

variable #temp_store_weight

3. Pass the current weight ("MW_Weight"), the actual quantity
("DB_Parts".WeightStore.actualNo), as well as the Array variable "DB_Parts".PartWeights to

the function "FC_Ind_Weight"

4. Save your project and download the modified program blocks into the CPU.

("FC_Ind_Weight" and "FC_Count")
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4.13.6.

Exercise 9: Monitoring "DB_Parts"

S RN, R S FTR R

DB_Parts
Name
< ~ Static
< = » PartCounter
< = ¥ WeightStore

Exercise 9: Monitoring "DB_Parts"

Data type

IEC_COUNTER
Struct

startvalue  Monitor value

SIEMENS
Ihg,ehuify-forb}tz

Example: Setpoint =5

e | L] setpointMo Int I' 55
e | [ ] actualMo Int 0 ' 5 ':
4l = ¥ PartWeights Array(1.100] of Int ‘"-_'.
@ = PartWeights[1]  Int 0 f379° s,
g lqg = FartWeights[2]  Int 0 :' 223 "‘
I | ] PartWeights[3] Int 0 to381
10 4 = PartWeights[4]  Int 0 Y 286
11 4@ = PartWeights[5] Int 0 . 190 ¢
12 @ =  FPartWeights[6] Int 0 0
13 < L} PartWeights[7] Int 0 a After the 5th Part
14 <@ L PartWeights[8] Int 0 0 Weight, Array
15 @ = PartWeights[9]  Int 0 0 elements remain
= unchanged.
16 |0 = PartWeights[10] Int 0 0
Task
Test the new function by monitoring the DB "DB_Parts".
What to do
1. On the touchpanel, switch on the operation
2. Enter a Setpoint on the touchpanel, such as, 3
3. Open and monitor the DB "DB_Parts"
4. Produce parts until the Actual is equal to the Setpoint and in the process change the weight
on the rotary potentiometer for every part
5. Press the pushbutton at the light barrier bay ("S_BayLB") to reset
6. Now, once again change the weight on the rotary potentiometer
Produce a further part
Result

The weight values of the parts are entered one after the other in the individual Array components
until the Setpoint is reached.

If a further part is produced after the Actual is reset, the old weight values are overwritten.

What doesn’t work yet

4-32

When the Setpoint (quantity) is reached and before the new weight values can be saved, all Array
components are to be initialized, i.e. written with a certain value, for example, "0". The function
will be implemented in the next chapter.
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4.14. Additional Information

N
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4.14.1. Additional exercise: Reading back the setpoint (quantity) and adopting it as
the start value

DB_Parts

Marne Data type Startwalue Snapshot  Monitorwalue
< v Static Change the Setpoint
<0 = F» ParCounter IEC_COUNTER — (quantity) on the
< = ~ WeightStore Struct - touchpanel, e.g. “10”
< Ll SetpointNo Int 5 = 10
A0 L ActualNo Int ] — (3
< = » PartWeights Array[1..100] of Int =

e
G2 CERE &6 BE B[
-l

DB_Parts |

Marne Drata type Startwalue  Shapshot  Monitor value Create Snapshot of the
R i Monitor values

@ < = » PartCounter IEC_COUMTER

< = ¥ WeightStore Struct ’—"~‘
< = SetpointMo Int 5 " 10 4—:—10
A0 L] ActualMo Int 0 v 6 *—b
4 = » Partieights Array[1.100] of Int Yeoe?
DB_Parts

Mame Diata type Startwalue  Snapshot  Monitorvalue
40 > Static Adopt Snapshot of the
<4l = » ParCounter IEC_COUNTER Setpoint as the Start
40 = > WeightStore struct - value using Copy &
a = Setpointho Int E 10 1 J1o Paste
< = ActualNo Int i g
< = » FPartWeights Array(1.100] of Int

Situation up until now

After every CPU (warm) restart, the DB variable "DB_Parts".WeightStore.setpointNo is
overwritten with the Start value "5" (non-retentive). If the production processes have changed and
now, for example, 10 instead of the 5 parts up until now must be transported, a new value must
be specified after every CPU (warm) restart.

Task
Read back the changed monitor value from "Setpoint” from the online DB and adopt this value as
the new start value.

What to do

1. Open and monitor "DB_Parts".

My_Project > PLC_1 - Program blocks = Double-click "DB_Parts" - click

2. Create a Snapshot of the current Monitor values.

click ==
L\:,fa‘_: You can also display the "Snapshot" column as follows:

Right-click on "Start value", for example = show/hide column - Snapshot

3. Copy the snapshot value for "Setpoint" to the clipboard.
Right-click > Copy

4. Insert the copied value in the Start value field of "Setpoint".
Right-click - Paste

5. Transfer the modified block to the CPU and carry out a (warm) restart. The value that was
read back should now be adopted as the Start value.
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4.14.2. Type conversion

Sint

More than Unproblematic type conversion (gr/gr)
2 inputs! o for example, INT -> DINT

g ? —ﬁ Int / #"ok?"

AN EN ENO { }
#INT_Valuel 1M1 ouT — #DINT_Sum f

Int HINT_Value2 =Hihi2 Type conversions and

#Real_Value3 -£IN3 5 calculation (e.g. no

overflow) OK?

Risky type conversion (gr/w)

for example, REAL -> INT

Dint \

g ? HINT Valug2 —|py

Display in the online status

HINT Valu —i|N2

3456.0

5.047859E+00 \ 1
HReal_Value3 =3 M3

Real #Real_Value3 =dIN3

Implicit Type Conversion

Attention

Basically, math operations are only possible with operands of the same data type. If, for example,
two variables of different data types are to be processed mathematically (e.g. addition,
multiplication...), the data types of the two variables must be adapted to one another with explicit
data type conversions.

In S7-1200/1500, with the math instructions in LAD and FBD, data type conversions are implicit,
that is, possibly necessary data type conversions are integrated in the math instruction.

The programming editor identifies operands that are implicitly converted with a gray rectangle. A
dark gray rectangle signals that an implicit conversion without the loss of accuracy is possible, for
example, when you convert the data type SINT to INT. A light gray rectangle signals that an
implicit conversion is possible but during runtime errors could occur (only without IEC check). If,
for example, you convert the data type DINT to INT and an overflow results, the enable output
ENO is set to "0".

The example shows an integer addition of "INT_Value" and "REAL_Value". For this,
"REAL_Value" is implicitly converted from REAL to INT and then added to "INT_Value". The
integer result of the addition is converted in an implicit type conversion from INT to DINT and
assigned to "DINT_sum".

For data type conversions into a data type with a smaller value range — in the example the
conversion of the value of the variable "REAL_Value" from REAL to INT — is in this respect risky,
in that an overflow leads to an invalid conversion result. Accordingly, the result of the integer
addition would then also be invalid. By evaluating the ENO output, errors that result in this way
can be discovered.

Note
If you monitor such a risky data type conversion online, then you can see by way of color whether
the current conversion of data occurs without error or not.
Red indicates that the data type conversion is faulty and green that the conversion is without
errors.
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5. Introduction to PROFINET
5.1. Objectives

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

be familiar with the PROFINET IO 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 10 device

be able to commission a distributed I/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
TIA Portal.
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5.2. Task Description: Replacing a central I/O module with
distributed I/0O

Distributed 1/0

Situation up until now

The conveyor is controlled through the 8D1/8DO 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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5.3. Industrial Ethernet: IP address and subnet mask

SICMINS

T
c
W2
b o A1
Industrial
MAC Address: 08-00-06-01-74-10 MAC Address: 08-00-06-01-74-20
Subnet Mask: 55.255.255/0 Subnet Mask: 255.255.255.0

IP Address: 192.168.111'10 | IP Address: :192.168.111412

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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5.4. PROFINET IO Device types

PROFINET IO Controller

Ethernet
Switch

S7-400_

0|
|
PROFINET 10O Devices

S7-300

S7-1200

ET200S

Al S
|

Intelligent IO Device Compact

(i-Device) IO Device Modular
IO Device

PROFINET 10 Controller

The 10 controller (typically the PLC) establishes a logical connection to the connected IO 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 IO Device

An 10 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 10 device types:
e Compact IO device: Fixed degree of expansion
e Modular IO device: Variable degree of expansion; can be expanded or reduced as required
e Intelligent 10 device: A PLC is configured not as an 1O controller but as an 10 device and
provides a higher-level controller with I/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

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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5.5. Fieldbus Systems for SIMATIC S7

PROFINET

PROFIBUS Most important selection criteria:

PROFINET PROFIBUS
| Topology (wiring) Line, Star, Ring Line
Max. transmission speed 100Mbit/s 12Mbit/s
H AT T TiTE Max. cable length 100m s
‘ | | . Max. segment length = 1000m
Hi ’ Max. number of segments & 10
3 ' Max. number of devices/slaves
per interface 512 125

Fieldbus systems for SIMATIC S7

To connect distributed I/Os, there are different bus systems.
The most important for SIMATIC S7 are:

PROFINET

As the standard for communication applications at the field level it enables the connection of
distributed field devices via Industrial Ethernet.

The Industrial Ethernet network is a local area network (LAN) according to the international
Standard IEEE 802.3 (Ethernet) and is designed for the industrial sector. It enables open and
comprehensive network solutions with a high transmission performance.

PROFIBUS

It is the bus system for local area networks (LANSs) with only a few participants. Through its
fulfillment of requirements according to EN 50170, PROFIBUS ensures openness for the
connection of standard-conforming components of all manufacturers.

Due to the physical and communication-related differences of the two bus systems, there are
various criteria which are used for the selection of the most suitable bus system.

Cable length, segment length

For PROFIBUS, a module line must be reinforced after 100-1000m (depending on the
transmission speed used); otherwise, the maximum bus length is reached.

For PROFINET, every connected component takes over this function. For that reason, only the
cable length between two modules is relevant here.

5-6
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5.5.1. Identification of distributed I/O devices

PROFIBUS - Slave

PROFINET ;PROFIBUS

I/O Controller:s  Master

SIEMENS

PROFIBUS
PROFIBUS address: e.g.19

PROFINET - I/O Device

SIEMENS

Device name: e.g. ET 200SP

PROFINET — Assignment online with STEP 7

— Setting using DIP switch on the slave

Distributed I/O devices

During start-up, the CPU searches the configured PNIO devices or DP slaves and parameterizes

these according to the loaded device configuration.
Both fieldbus systems use different methods for identifying I/O modules:

e PROFIBUS
The set PROFIBUS address is used to search for the configured DP slave.
The setting is typically made through the DIP switch on the slave.

e PROFINET
The assigned device name is used to search for the configured PNIO device.
The assignment of the device name (device initialization) is done from SIMATIC STEP 7
engineering platform through an online function.
The parameterized IP address is then assigned to the PNIO device by the PNIO controller
(CPU).
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5.6.

PROFINET device addressing

=]

- The 10 supervisor (commissioner) writes the

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

Factory setting

amemgnas, . MAC Address: e.g. 08:00:06:01:57:3C

PROFINET device addressing

So that the 1O 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

5-8

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 IO 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 10 controller's system power-up, they
are given device names. This occurs through the Supervisor. The device names which were
given for the individual 1O 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.

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 nhame: 1 to 240 characters

— Length of a label: 1 to 63 characters

— Alabel 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)
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e |IP Address
In addition to the device name and the MAC address, an 10 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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5.7. Inserting distributed I/O into the project (Network view)

Pro [e 0
|5'? Topology view Fﬁgh Network view H—l]'f Device view | Options
o Network, 3§ Connections |HMIconnecton [+]: & Rellati-orTs- FiHr !g 55 E! = |
v | Catalog
H |<Search> |
PLC 1 HRAI_1 . & Fifeer
CRU1214C KTRE00 Basic co.. S\l Conralers Z
» [ Hmi ]
3 p_[. FC systems
» |3 Drives & starters
» [l Metwork components
PHSIE_1 3 p_[. Detecting & Monitating
B v [ Distributed 110
H » (1@ ET 2005F =
N » [ ET 200MF
' ~ [ ET 2005
~ [ Interface modules
~ [ FROFINET
10 device 1 ~ [ 1M 151-3 PN
I8 151-3PM [ ES7 151-34422-04B0 L
0 [l BES7 151-34A23-0AB0
gt askined Drag & Drop o BLFESZ 15 1L3FAZ 0460
1 [ it *
] _I
TH TE577 0 -26Re0-0480
[l 6ES7 151-36622-0AB0
[lSES?‘IS‘I-SBBQS-DABD
(<[ [125% -] —%— @& » [l FROFIEUS [se]

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 HMls.
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5.8.

parameters

Configuring a connection to the CPU and setting the address

My_Project » Devices & networks

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

»

¥ FROFIMET interface [X1]
General
Ethernet addresses

b Advanced options

\ Hardware identifier

e

:Name: |et20tls—conveyur : |
T

Author: | Sitrain %, |

,A General

w PROFIMET intetface [X1]
General
Ethernet addresses

» Advanced options
Hardware identifier

Module pararneters

Hardware identifier

Ethernet addresses s

Interface networked with

IP protocol

IP address of 10 device

| i

ROFINET .

PROFINET IO device
name

3
% Network) ¥ connections |HMI cohnection |‘§
{
2
PLC 1
CPU 127402
]
S
S
Q
]
Lo
(]
&
Qo
Q
L)
.
.
-
- -
A > I
10 device 1 ¢
M1ST-3PN
1
PLC_1 1
r [] 4
1 ' b
ol e e 0, SR i

E—

)
Subnet: | PRAE_1 [=]

Add new subnet

IP address: | 192 16& 111 . 103 o

Subnetmask: [255 255 285 0"

G
Use router
o

Router address: | o 50 1]

.
. .
. .
K3
nmm e
L "

.
.
. B}En&rate FROFINET device name autnmaticall#

FROFINET device name |EIQDDS-EDnvEyDr

Converted name: | et200s-conwveyor |

Device nurmber: |1 ‘V|

e i i S P PR

Configuring the connect

ion to the CPU

10 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 IO 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

10 device.

e |IP Address
The IP address is automatically assigned (first free subnet address) through the assignment
of the 10 device to the 10 controller. It can be changed later in the Properties of the
PROFINET interface of the 10 device.
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5.9.

Configuring distributed I/Os (Device view)

— -
Device view

<[] [>][roo% [ —%—

prop § AD1 % 24vDC [ SRC 5T

| Options

|

V|Catalog

[ O

b ;
I.@-Fllter :

» Till 201 x 24¥DC HF
» [ 4D1 % 24wDC 5T

» [ 8013 24vDC -
» [ 800 24vDC 1 SRC 5T
» [ 4D1 % 2414880C
» [ 2001 20vAC 5T
» [l 201 x 230vAC 5T
» [ 401 x NAMUR
» [ 4/8 F-DI DC24y
» [ 0o
» [ oo
4 P_[i Comrunications modules
» (g
r E r.requency CONVEEr
[l I [T

sHSe | @”

Gojejes atempiey (£

s]00} auluQ E”

Configuring distributed 1/Os

5-12

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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5.10.

Writing the device name in the 10 device (Device initialization)

~ Diagnostics
General
Diagnostic status
b FROFINET interface [x1]
* Functions
Assign IP address

1 NEmE;

Fitrrware update
Resetto factory settings

Assign name

Configured PROFIMET device

[ >]

3§ PROFINET device name: | et200s-conveyar

-]

LE R R R R R T NNl
Device type: | IM 151-3 FN

Online access

R s S i e e e e Y e e

Type of the PGIPC interface: ﬁ_PNIIE |'|
PGIFC interface: ﬁ Intel(R) 825741 Gigabit Metwork Connection |'| @

Device filter
[# Cnly show devices of the same type

[] ©nly shaw devices with bad parameter settings

[] Only show devices without names

Accessible devices inthe network:

SIRaddiegs o o WACaddress | o o Revicg pps FROFINETdevigename | SIS @ m e e e e

: 0.0.0.0 00-0E-8C-CB-D9-B6  IM151-3 — I Device name is different ]

[<] W L[>

D LED flashes | Update list | I| Assigh name

Status
Ok

IP address MAC address Dewvice type PROFIMET device n
n.o.on 00-0E-3C-CB-D9-Ba  IM151-3 et200s-conweyar
L

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

The IP address does not have to be assigned manually. It is assigned by the 1O
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 assighing a name

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

e 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.

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

Or

Device configuration of 10 device & Right-click on the Interface module (Slot0) > Assign device
name

For both versions, the 10 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 name

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 10 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.

TIA-MICRO?2 - Introduction to PROFINET
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5.11. Task description: Controlling the conveyor model via the
ET 200S

Distributed 1/0

Change I/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 ET 200S.

For this, you must insert the new 1O device in your project and configure it. Furthermore, the
current /O addresses of the conveyor model are to be used (QB8 and IB8) so that the user
program doesn’t have to be changed.

TIA-MICRO?2 - Introduction to PROFINET 5-15
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5.11.1. Exercise 1: Inserting the ET 200S in the project and networking it
TIA_MICRO2 » Devices & networks
|E Topology view ||ﬁﬂ1, Network view ||[|1‘ Device view | Options
% Metwork| %§ Connections |HI Il connection |v| ' =) _z|
Al |vcatalog
E |<Search> |IE|
PLC 1 HMI_1 [ Filter  Profile: [ <Al [~] [t
CPU1214C KTPGOO Basic co... ~ [ Distributed 110
» [m ET2005P
» [ ET200MP
* ~ [ ET2005 | |
| PNAIE_T | _ 'P_u Interface modules
1 ~ [ FROFINET
I ~ [ M 1513 PN
" [l 6ES7 151-3AA22-0ABD
[l 5E57 151384230480 =
[l 6E57 151-3BA22-0AB0
EZA0=Ngd [l 5E57 151-3BA23-04B0
IN 151-3 PN HF
[l 6E57 151-3BAG0-0AB0
FLC_1
. v [l 6ESY 151-3BB22-0AB0 =
[l 6E57 151-3BB23-0AB0
» [l PROFIBUS
» [ ET200M
» [m ET200isP
[ <]/ [100% [+] —9— ®© » [ ET200pro [v]
Task
Insert the Interface module of your ET 200S 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 ET 200S and drag it onto the
network plan using drag & drop.
3. Network ET 200S with the CPU.
Drag the PROFINET interface of the ET 200S to the PROFINET interface of the CPU and
drop it there.
TIA-MICRO?2 - Introduction to PROFINET
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5.11.2. Exercise 2: Configuring the ET 200S and setting the PROFINET address
parameters

Task
Configure the modules of the ET 200S and set the address parameters.
What to do
1. Open the Device view of the ET 200S.
2. Equip the ET 200S 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 - General > Name
4. Setthe IP address 192.168.111.103 for the 10 device.
Select the Interface module (Slot 0) = Inspector window - Properties > PROFINET interface »>
Ethernet addresses = IP protocol
TIA-MICRO?2 - Introduction to PROFINET 5-17
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5.11.3. Exercise 3: Changing the I/O addresses

Central module Distributed 1/0

—y
] ]

= 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 1/0O modules of the ET 200S.

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 - 8DI1/8DQ - 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.

Tags in module %

The module address has been changed. What do you want to
n do with assigned tags?

(® Donotchange tags.

O Rewire tags with the new module address.

E oK ! | Cancel

TIA-MICRO?2 - Introduction to PROFINET
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3.  Open the Device view of the ET 200S.

4.  For the input and output addresses of the ET 200S, configure the addresses IB8 and QBS8.

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

SIEMENS

‘K‘Uﬁhﬁ = l.....
Fack addresses
© "mack addttfes

IO addresses

Input addresses

Start address: |B

End address: |E

Organization block: |——— (Automatic update) |

Process image: |Autnmatic update |
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5.11.4. Exercise 4: Writing the device name in the IO device (Device initialization)

* Diaghostics .
Assign name

| ¥

General
Diagnostic status
¥ FROFINET interface [x1]
- Functions Configured PROFIMET device
Assign [P address

p PROFINET device narme: et2D_Ds-c:0n;eyor -
Assign name e ———

Firmware update Device type: I 151-3 PR

Reset to factory settings Online access
Type of the PGIPCinterface: | ®_PHIE -

PGIPC intetface: mlntel(R)82574LGigabitNetWorkConnection e @g

Device filter
[# only show devices of the same type
[] only show devices with bad parameter settings

[] only show devices without names

Accessible devices in the netwark:

SRS o - MAGAIdEE S . - - PevicedyRe PR INEL 4P e nonee - S e - - ===
Y192168.111.. 00-0E-BC-CEDI-B6 IMISI-3  et200s-conveyar @ ok 0

+ {1} >
[ LED flashes Update list Assigh name

+ 1l »

Task

Assign the device name "et200s-conveyor" to your ET 200S.

What to Do
1. Open the device configuration of the ET 200S
2. Open the context menu of the Interface module and select "Online & diagnostics"
Right-click on the Interface module (Slot 0) > "Online & diagnostics"
3. Navigate to "Assign name"
"Online & diagnostics" - Functions - Assign name

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.

= The ET 200S 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.

TIA-MICRO?2 - Introduction to PROFINET
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5.11.5. Exercise 5: Compiling the modified device configuration and testing the
program

Distributed 1/0

Preparation

Remove the conveyor cable connector from the central training device and insert it in the
ET 200S’ 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. Testyour 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.
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5.12. Additional information
\
-.
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5.12.1. Topology editor

MyProject > Devices & networks - X

= Topologyview [ Networkview |} Device view

1|
b

| ;_‘." @ £ 100

PCSystem_1  Wall PCSystem_2  WelE HMI_T HMI_Z HMI_3 k
SIMATIC PC Sta.. BT Pmf SIMATIC PC Sta.. Chest TP1 200 Comfort KTP1 000 Basic Mabile Fanel 2 -
- -
™ i b . .

PLC_1 PLC_2 SCALANCEX2 PLC_4
CPU 416F-3 P CPU 317-2 PNIDP #208 cPUI2N4C
1 .
| 1
 —

10 device_1 10 device_2 10 device_3 10 device_4 10 device_5
IM 153-4PH IM151-3PN IM151-3FN M 151-3PH IM 151-3PN
. A s |

|

L

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, 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
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e 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

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 in a different
position in each of the two views.

TIA-MICRO?2 - Introduction to PROFINET
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5.12.2. Topologies

Line

o

| T—

Ring

Star Structure

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

connected devices.

e Advantages

— Easy managing, monitoring and diagnosis in the network

— Flexible adding and removing of connections

e 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

TIA-MICRO?2 - Introduction to PROFINET
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Line Structure
The devices are arranged in series.

e Advantages:
— Cable cost savings for larger installations
— Traditional fieldbus structure
e 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.
e 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
— s also used to divide complex systems into logical subsystems

e 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.

e Advantages:
— Additional failure security

e Disadvantages:
— Increased expenditures for hardware

TIA-MICRO?2 - Introduction to PROFINET
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5.12.3. Topology View - Topology comparison

MyProject » Devices & networks

Adopt position of devices |=Topology view "h‘gh Network view ||_|]'|’ Device view |
as in Network view

57-1500
CPU 1513F-1 PN

ET2005P
IM 155-6 PN 5T

ET2005P_1
IM 155-6 FN 5T

ET2005P_2
IM 155-6 PN 5T

57-1509

<[ w ] I/‘"Compare | /‘"Synchronize |; ] =%

il [ il

=<

| Topology}ﬂ:enriew || Topology comparison |

a Cormpare offlinelonline ﬁ Advanced compare s QL

MName PROFINET device name \ IF & Port Inte... Partn. Partner IPaddres Partner name
i : ; Update
{~ ET2005F station_1 i [~

ET2005P £t200sp 192168111104 Fort1 — Port1 192.168.111.1.. 57-1500
ET2005P et200sp 192168111104 Port2 — Port1 192.168111.1.. ET200SF_1 5
~ ET200SF station_2 1
ET2005P_1 £12005p_1 192168111105  Port1 — Port2 192.168.111.1.. ET200SP
ET2005P_1 £1200sp_1 192168111105 Port2 — Port1 192.168.111.1.. ET2005F 2
~ ET2005F station_3
_JET00SP2 e200sp 2 192.168.111.106  Porel  — Pom 2 192.168111.1.. ET2005P 1

In the topology view, you carry out the following tasks:

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 the diagnostic information of all ports

e Configure Ethernet topology
— Create, change and delete interconnections of ports
— Rename stations, devices, interfaces, ports
— Adding PROFINET devices and passive Ethernet components to the project from the
Hardware catalog
o Determine differences between the offline and online topology and repair them

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

— Adopt topology information existing online in the offline project

The "Topology Overview" tab offers the following functions:
e Display of configured topology

o Display of the diagnostic status of hardware components

The "Topology Comparison” tab offers the following function:
e Determine and repair the difference between the offline and online topology

- Inthe "Actual” column, you specify which OFFLINE-ONLINE differences are to be
adopted. All differences to be adopted are activated via the context menu (Apply > Apply
all).

Then the selected differences can be adopted with the "Synchronize” button.
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5.12.4. PROFINET proxy concept

PROFINET

Proxy Proxy

INTERBUS PROFIBUS

| | 2

¢\ PROFINET systems via Proxies.

PN proxy concept

Using 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.

TIA-MICRO?2 - Introduction to PROFINET
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5.12.5. PROFINET Communications model

PROFINET appliedtions

e.g. Call Web server IT appli-
on the CPU gations

e.g.
. Is'lmp Standard Fast, cyclic
« DHCP... data process dr ~

e.g. Read-out diagnostic data or
program download
by means of a PG

Realtime

oo

Data exchange between 10
controller and 10 device

PROFINET based on
Industrial Ethernet!

Real-time channel

To be able to fulfill real-time requirements in automation, an optimized real-time communication
channel, the Realtime Channel (RT Channel), was specified in PROFINET. It uses Ethernet

(Layer 2) as a base.

The addressing of the data packets does not take place in this case via an IP address, rather by
means of the MAC addresses of the participating devices. Such a solution minimizes the
throughput times in the communications stack considerably and leads to an increase in

performance with regards to the updating rate of automation data.

IRT channel

Isochronous Real-time (IRT) as a further development with the following features:

Clock-synchronous data transmission

Cycle times <1ms with jitter accuracy <1lus

Typical field of application is Motion Control

IT standards

The design of PROFINET WEB Integration focuses on commissioning and diagnostics. 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.

This worldwide accessibility makes it easy for the application manufacturer to support the user
with commissioning, device diagnostics etc. Access to the data is done via Web servers which

are integrated in the modules.
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5.12.6.

The MAC Address

Network TCP/IP Model
Adapter

4 Application layer

3 Transport layer

2 Internet layer

1 Network access layer ——pMAC Address

Manufacturer-specific part Consecutive number
47 40 39 3231 24 123 16 15 8 7 0

00|70IECFXXXXXX

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 address

Examples

5-30

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.

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 00-0E-FO Festo AG & Co. KG
TIA-MICRO?2 - Introduction to PROFINET
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5.12.7. The partitioning of the IP Address

31

Network-1D

Host-ID

Fewer networks, many
hosts per network —

The partition between network

and host part is determined by

the specification of the subnet
mask.

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 Ato 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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5.12.8.

Detecting decentral devices automatically

T4, Siemens - DAEntwATIA_MI

CRO2\0_DewviTIA_MICRO2\TIA_MICRO2

=
Project Edit View Inserm | Online :Oplinns Tools Window Help

i O3l swveproject &
Project tree

Devices
=

~ I MA_McRo2
¢ Add new device
iy Devices & networks|

+ [ HMIL1 [KTP600 Ba
+ [ Ungrouped devices
» 5§ Security settings
» [g§ common data
» [5]] Documentation set|
» [ Languages & resoul
» [ Online sccess
» [ Card ReaderiUSB mem.

» [ Pec_1 [cPUt214CE -
» [ PLc_2 [cPU 12110

¥ Eooine
& Bxtended go anline
&N Go offiine

Simulation

Stop runtimelsimulation

|4

Upload device as

- P W

TR LLE, -
HM Device maintenance

&7 Accessible devices...

Crl+K

L Hardware detection »

»

curlel
2

Crrl+ShifesE

CrrleShifteQ

Cerl+D

ne ¥ Gooffline | fp [N [

ion L& relations I8

£ ~u
L]

1211C

Tiardware defectian of PROFINET devices

N =)

n: There is

Aegrsiible nedes olthe ekected iteroce:
TP MOFNET dovice name

o 9 oo Band

©)

©)

=
Type althe FPC insertace:
PGPC interince:
.

¥ otdren UAC address
VZIBININIE | D00CHCIR 0004

kil
[CFiE}

i the praject

Automatic detection

Via the function "Online>Hardware detection>PROFINET devices from network..." you can
automatically detect 10-devices. This is especially interesting for modular devices, since the
firmware of the individual modules is inserted correctly here.
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0. Introduction to industrial communication

6.1. 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 "1ISO-on-
TCP".

understand the difference between packet-oriented and data
flow-oriented communication.

be able to create a communications connection between 2 CPUSs.

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 ISO-on-
TCP connection between the two CPUs of the training area is programmed.
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6.2. Task Description: Creating an "1SO-on-TCP" connection

CPU 1214C

DB_Parts

200 bytes

ISO-on-TCP

CPU 1211C

DB_Receive

Task description

An 1SO-on-TCP connection between the CPUs of your training area is to be programmed. Via this
connection, the ARRAY variable "DB_Parts".PartWeights 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 "Receivebuffer".

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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6.3. S7-1200 ethernet communication services in the ISO/OSI
communication model
— —
— N ] —
S7 communication (PUT/GET)
ISO-on-TCP
TCP
UDP
e 7% e
:__ 5-7isﬂﬁocol
! |4*1 RFC 1006 (I1SO)
' 14 TCP UDP
! §‘ 3 Internet protocol
| 2 :
I | Ethernet
L
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

ISO:
International Organization for Standardization

OSI: Open Systems Interconnection Reference Model

Ethernet communication services

6-4

For communication via (industrial) ethernet, there are various services in the SIMATIC
environment. These differ about:

e Data security

e Amounts of data

e Data handling

e Routing capability and

e Engineering effort
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6.3.6. Data flow-oriented and message-oriented communication

TCP communication ISO-on-TCP communication

100 b 1100 bytes | 100ytes I 1
[

200 bytes
[ 50 bytes | [ 100 bytes |

| 200 bytes| | 220 bytes |

[ 50 bytes | | 130 bytesl

RFC1006 RFC1006

TCP TCP

- = Ethernet Ethernet

block
tput b

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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6.3.7. Combined blocks for the connection programming
PLC 1 %DB3
Options "TSEND_C_DB" Sends the data range of parameter
"DATA" to atarget station with the
» TSEND_C
| | 0 = - &% connection data of parameter
"CONNECT"

> |Favurites ~=—EN
b |Basic instructions BOQE —a'se

- : BUSY — false
> |Extended instructions R ke
> |Technn|ugy . STATUS 550
hd | Communication e — COM_RST > ENO.—

R A I

Marme b

b [ ] 57 comrunication o PLC_2

. #TSENDC |
. WTRCVC N~ =
TG T | ek
4 TCON & otte —lcont
& TDISCON <277 —| CONNECT
4 TSEND <7775 —| DATA
& TRCY false —lCOM RST
L FETUSEND

Receives data from a Send station
and stores it in the data range
specified at parameter "DATA".

Open User Communication

If the integrated Ethernet interface of the CPU is used for the
called "Open User Communication" is used.

Ethernet communication, the so-

Included in the "open" communication services, that is those whose inner structure is open, are

TCP, UDP and ISO-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 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,
like 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 must be sent and interpreted.
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Combined connection blocks
Connection-oriented communication services can be used in two ways:
e 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

e 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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6.3.8. Connection parameterization via block properties (sending station with
TSEND_C)

. | .
Connection parameter | | Select the target station |

General
Local Partner

Tl

E E Unspecified
]

IP addresses of stations |

Interface: | PLC_1, PROFINETSchnittstelle[%1 : PN(LA[=| | PLC_2, PROEWETS chnittstelle_1[X1 : PN(i = |
Subnet: |PNIIE_1 B [ryed | .
ubnet: | PIE. | ® [wect | | | Select the connection type |

Address: [192.168.111.112 |0/192,153,1n,114 |

Connection ype: | I50-0n-TCF =] | > TCP
Connection ID (dec): ‘1 | |1 ‘
Connection data: ‘PLC7175EHH7DB —__ ‘vl |PLC727REEE\VE7DB o |V‘

LIDF

(®) Active connection establishment Active connection establishment

DB for connection data in target

CEAIE TS station (is automatically generated)

Local TSAP ner TsAP

DB for connection data in sending
TSAP (A5Cll): | PLC 1 | [Pz station (is automatically generated)

TSAPID: |50.4C43.5F31 | [s0.4ca35F32 -
| Establishment of TSAPs

Connection parameterization via block properties

The TSEND_C block works connection-oriented, that is, a partner CPU must first 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.

e 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".

6-8 TIA-MICROZ2 - Introduction to Industrial Communication
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Address details

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 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 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.

TIA-MICROZ2 - Introduction to Industrial Communication 6-9
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6.3.9. Parameterized send block TSEND_C

DA S5
"TSEND_C_DB"
TSEND_C
&
EN ENO i
#5end — REQ DONE —i #D0OMNE
rUe = CONT BUSY —EEBLUSY
DB 1 ERROR — ZERROR
"PLC_1_Send_DB" CONNECT STATUS #5tatus_TRENDC
"DB_Parts".
PartWeights DATA
dlse — COM_RST -

TSEND_C

The TSEND_C block processes send tasks as follows:

1. Establish connection to the communication partner

2. Send data at parameter DATA

3. Disconnect connection

Parameterized Send Block TSEND_C

The TSEND_C block has several parameters which are explained in the following.

6-10

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

TIA-MICROZ2 - Introduction to Industrial Communication
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e 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.DBX0.0 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, ARRAYSs or structures (for
example, "'DB_Parts".WeightStore" (pointer to the structure variable "WeightStore" in
"DB_Parts"))

e 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

e 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

e 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

e STATUS
The parameter STATUS delivers a 2-byte HEX code which contains information on the send
state or errors that have occurred

TIA-MICROZ2 - Introduction to Industrial Communication 6-11
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6.3.10. Connection parameterization via block properties (receiving station with

TRCV_C)

Connection parameter

General

Local

Partner

End paint: |FLC_2 [CPU 1211C DO/DCIDC] |

| FLC_1 [CPU 1214€ DODCIDC] [+]

Interface: | PLC_2, PROFINETSchnittstelle_1[x1 : PN({ = |

| PLC_1, PROFINET-Schnittstelle[X1 : PN(LA| ~ |

Subnet: |PNIE_1

| = [PrutE_1 |

Address: [192.168.111.114 |

[192.168.111.112 |

Connection type: |I50-0r1-TCP |v|

Connection ID (dec): |1 |

1 |

Connection data: |PLC_2_Recei\.re_DB | - |

[PLC_1_Send_DEB [+]

O Active connection establishment

Address details

Local TSAP

@ Active connection establishment

Partner TSAP

TSAP (ASCIl): |PLC_2 |

[PLC_1 |

TSAPID: |50.4C43.5F.32 |

|50.4C.43.5F 31 |

Connection parameterization via block properties

The TRCV_C block, as well, works connection-oriented, that is, a parther CPU must first 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 in the same
project, only the "connection data" DBs still must be selected. The rest of the connection

parameters are automatically entered.

Connection Parameters

See page "Parameterized Send Block TSEND_C"
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6.3.11. Parameterized receive block TRCV_C

DB 3
"TRCV_C_DE"
TRCV_C
|
EN ENO 1
TRUE = EN R DOME =1 #Done
TRUE = CONT BUSY ——#Busy
%O 2 ERR{]R—I?F:EFFDF |
"PLC 2 STATUS Fhtatus_TROW _C
Receive_DB" — coONMNECT RCVD _LEN — #RCVD_Len
"DB_Receive”.
Receivebuffer — 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:

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 received bytes after successful receipt
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6.4. Task description: Program CPU-CPU communication and send

200 Bytes of data

CPU 1214C

(1]
(2]
(3]
(4]
(5]
(6]
(7]

DB_Parts

\—/
Array[1..100] INT

187

235

398

129

285

0

0

W

CPU 1211C
—
DB_Receive
Array[1..100] INT
[1] 187
[2] 235
e [3] 398
[4] 129
[5] 285
[6] 0
[7] 0
\_:/

Situation up until now

The individual weight values of the produced, valid parts are stored in the ARRAY variable
"DB_Parts".PartWeights 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".PartWeights 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 "Receivebuffer".

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".

Blocks
e PLC 1
FC_Send (FC30) - Call in FC_Count (FC18)
e PLC_2
FC_Receive (FC31) - Call in MAIN (OB1)
DB_RECEIVE (DB31)
Note
The "PLC_2" controller is given the IP address 192.168.111.114
6-14
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6.4.1. Exercise 1: Preparing the CPU 1211C

PLC_1
CPU 1214C

[PNJIE_1: 192.168.111.112 |

HMI_1

KTP&0OO0 Basic co...

PN/IE_1 PN/AE_1: 192.168.111.111 i

PLC_2
CPU 1211C

Task

Configure and network the so far unused controller of your training area.

What to do

1. 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.

"Receivebuffer" (ARRAY[1..100] of INT).

Data type

8 ¥ Receivebuffer

| Array{1..100..

2.
3.
4,
5.
6.
DB_Receive
Marne
1 |0 = Static
T
= T | ]
4 | "
5 a1 ]
6 - =
FA Tl | ]
& -ad ]
o _-aj =
10 -ad ]
11 a1 ]
7.

Receivebuffer[1]
Receivebuffer[2]
Receivebuffer[3]
Receive buffer[4]
Receivebuffer[s]
Receivebuffer[s]
Receivebuffer[7]
Receivebuffer[g]
Receivebuffer[9]

TIA-MICROZ2 - Introduction to Industrial Communication
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Int
Int
Int
Int
Int
Int
Int
Int
Int

Add a CPU of the type S7-1211C to your project and assign the name "PLC_2".

Generate a new DB with the name "DB_Receive" and in it create the ARRAY variable

Download the modified hardware and software into the controller.

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.
Activate the clock memory (MB10) in "PLC_2".
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6.4.2. Exercise 2: Calling TSEND_C ("PLC_1": "FC_Send")

Interface
Marme Data type
T <@ ™ Input
2 <] = Send Bool
3« ¢ Output
4 <4 P InOut
5 < T Temp
6 <] = Done Bool
7 | = Busy Bool
g <0 = Error Bool %DB5
9 40 = Status_TSEND_C  Int “TSEND_C_DE®
10 <m » Constant TSEND_C @m
11 <@ ™ PReturn i
EN ENO
#send — REQ DOMNE —i #D0ONE
True = CONT BUSY —=1#BLISY
Y0R1 ERROR — #ERRCR
"PLC_1_Send_DB" COMNECT STATUS #5tatus_TSENDC
"DB_Pars”.
PartWieights DATA
false — COM_RST =
Task
In PLC_1, create a new function "FC_Send" and in it program the call of "TSEND_C".
What to do
Add the new function "FC_Send" 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 Partrer
End point: | [5Ee0] FLC 2 -
Interface: | PLC_1, PROFINET intetfacel= | | PLC_2, FROFINET interface ~ |
Subnet: |FNAE_1 PR PnE_1 |
Address: [192.168.111.112 | [19z188.111.114 |
Connection type: |ISO—0n-TCP v|
Connection D
(deck [1 | [ |
Connection data: |FLC_1_Send_DB - |PLC_2_Receive_DE vﬁ NEW
@ Active connection O Active connection
establishment establishment
Address details
Local TSAP Partner TSAP
TSAF (ASCI: |PLC_1 | |Pc2 |
TSAFID: |50.4C43.5F.31 | [s04c4ssF32 |
4. Parameterize the block call as shown in the picture above.
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6.4.3. Exercise 3: Calling "FC_Send"
¥  Network 1: Count parts, Actus| = Setpoint?
"DB_Parts".
. ammEm— FartCounter ap33.2
QB 5 %040 . #edge_store_ 16 4 “M_ACT=SET_
*K_Right” P_TRIG "P_Operation” I weight "M_ACT=SET Alarm®
—— ———oax Q | | - { } —- { } { +—
PLC_1: ot A s
" actuz/No
FC_Count %40 g
"F_Operation” P_TRIG .
l— ————x Q -2 R
181 ’ . .
Mode(lor ;
" setpointMo PV
W64 w4 J
"M_ACT=SET "S_BaylB" #aux init
» Network 2: "
~  Network3: .. .
r']
E .
’ xedge store_ I"
|~ welght —_ Se:!d
Task
Call the new block "FC_Send" in "FC_Count" and assign the parameter "Send" the same RLO as
the counter input "CU".
What to do
1. Open"FC_Count" 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"
r\-;;:: In the 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 "PartWeights" be sentto PLC 2.
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6.4.4.

Exercise 4: Calling TRCV_C ("PLC_2": "FC_Receive")

PLC 2: FC_Receive

B3
"TRCV_C_DBE"

TRCWV_C

EM END

Temp

TRUE — EN_R DONE —i#Done
TRUE == CONT BUSY =i #Busy
SNE2 ERROR —i FError
"PLC_ 2 STATUS #Status_TROW _C
Receive_DB" — CONNECT RCVD_LEN — #RCVD_Len
"DE_Receive”.
Receivebuffer — pata -

In PLC_2, create a new function "FC_Receive" and in it program the call of "TRCV_C". Then call

|

Select
PLC_2 Receive_DB

Task
"FC_Receive" in OB1 and transfer the entire user program.
What to do
Add the new function "FC_Receive" to your user program
2. Callthe block "TRCV_C"
Instructions - Communication - Open User Comm. - TRCV_C
3. Implement the connection parameter settings as shown in the following:
Connection parameter
General
Local Fartner
End point: | S0 | |PLC_‘I |V|
Interface: | PLC_2, FROFINET inte|=| | PLC_1, PROFIMET inte] = |
Subnet: |PRAIE_1 | = [PrnE
address: [192.168.111.114 | 192188011012 |
Connectiontype: |soonter <)
Connection D
{dec): |1 1
Connection data: |PLC_2_Receive_ DB FLC_1_Send_DE -
() Active connection (&) Active connection
establishment establishrment
Address details
Local T54F Fartner TSAP
TSAP (ASCID: | PLC_2 | [FLC ]
TSAP ID: | 50.4C45.5F 32 | |soacassea |
6-18
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Parameterize the block call as shown in the picture above
Call "FC_Receive" in OB1

Download the entire user program into PLC_2

N o o &

Save your project

Result

Due to the TRUE signal at EN_R, receiving is continuous. The received data is stored in the DB

variable "Receivebuffer".

TIA-MICROZ2 - Introduction to Industrial Communication
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6.4.5. Exercise 5: Function test

DB_Receive {
Marme Data type Start value Maonitor value Retain i

1 <@ * Static $
2 |4qm = ¥ Receivebuffer Array(1..100] of Int ] 1
ST L] Receivebuffer[1] Int 0 193 i
i 4] = Receivebufer2]  Int 0 184 }
5 |4 = Receivebuffer[3] Int 0 230 5
6 |- L] Receivebuffer[4] Int 0 184 {
7 | " Receivebuffer[5] Int 0 274 {
g - L] Receivebuffer[a] Int 0 135 ?
=T L] Receivebuffer[7] Int 0 0 i
10 |-40 L] Receivebuffer[g] Int 0 0 ?I
11 |41 L] Receivebuffer[3] Int 0 0 2
12 a1 L] Receivebuffer[10]  Int 0 0 E
RENGT = Receivebuffer[11 Int N 0 0 e .--\..--;

Task
Check whether the communication between PLC_1 and PLC_2 works. For this, monitor
"DB_Receive" of PLC_2. First, 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 sentto PLC_2.
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6.5. Additional Information
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6.5.1. UDP Communication

e e
— —
S7 communication (PUT/GET)
ISO-on-TCP
AP
UDP
e — B —

5-7157 protocol
4% RFC.4006(ISO)

|

|

|

|

' 14 TCP UDP
:E 3. Internet protocol

I R !

: : Ethernet

L\

User Datagram Protocol

The UDP protocol was introduced to transfer data quickly and straightforward. The UDP protocol
is 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
e Very fast data transmission
e Very flexible, ideal for use with third-party systems
¢ Routing-capable
e Multicast / Broadcast capable

e Suitable for small to medium amounts of data (<= 2048 bytes)

Disadvantages of UDP
e Lost data packets are not resent
e Multiple deliveries of individual packets are possible

e The arrival sequence of packets at the receiver cannot be predicted
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6.5.2. TCP Communication

—
S7 communication (PUT/GET)
ISO-on-TCP
TCP
(7 UDP
e — |
:__ 5-71S7 protocol J
' |4*; RFC'1006 (ISO)
Ly TCP UDP
:E 3 Internet protocol
I 2 :
: , Ethernet
o Dt

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:

e Fast communication

e Suitable for the transmission of medium to large amounts of data (<= 8192 bytes)

e Routing-capable (i.e. can be used in WAN)
e Flexible, can be used with third-party systems

e Acknowledged

Disadvantages of the TCP Protocol:
e Only static data lengths can be transmitted
e Greater programming effort required to manage data

e Data is transmitted as data flow
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6.5.3. I1SO-on-TCP communication
—— —— |
L] —
S7 communication (PUT/GET)
ISO-on-TCP
TCR
UDP
F F
bl
|
— — T X
| [5-71S7 profoeol
' |4* RFC 1006 (ISO)
' 14 TCP UDP
| & | 3y Internet protocol
1
I 2 :
: , Ethernet
1L [
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 hytes)
e 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:

6-24

e Mainly applicable in SIMATIC homogenous structures

e Greater programming effort needed to manage the data
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6.5.4. S7 Communication

e —
— ]
S7 communication (PUT/GET)
ISO-on-TCP.
N® ~
UDP
e e
:__ S7 protgco\:
' [4*| REG1006 (ISO)
' 14 TCP UDP
13 |3 Internet protocol
1
I 2 :
! . Ethernet
Ll

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)
e Applies to all S7 data areas
e Transmission of up to 64KByte in one task
e Layer 7 protocol independently ensures for acknowledgement of the data records
e 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
e Manufacturer-dependent, the S7 protocol is only implemented in the SIMATIC S7 spectrum

e Not compatible with S5 communication
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6.5.5. Connections

b_'.n Metwark '” Connections: n £ Relations “Jj % aE Q!

[ Connections 11

¥/ Lacal connectio
TP-CFL

PLC_2 57_Connection_’

CRU1211C 57_Connection_
—
v

I w Bliow [l s @ T w

|,-,5’ Topology view Iﬂg‘h Network view @li Device view
—

=)
(=]

i Sl

PLC_1 HI_1 10 device_1
CPU1214C KTF&00 Basic co... M 151-3PN
D e
| [BRIE A -

PRYIE_]

i M e s g et e A

]

ns ﬂ ' = | Network overview I Connections I Relations || O communication ” VPN |
~
'ﬂ' Local connection name Local end point Local ID (hex) Fartner ID (hex) | Partner Connection type
TP-CFUI Hbl_1 Bl | =] HMI connection
A 37_cConnection_1 W Fc 100 100 i G 37 connection
= 57_Cannection_1 W 100 100 W Fca 57 cannection

KTPGOQ Basic co... D —

é—m — A é [=] [T ]

(P o A P At

Connections

In the editor “devices and networks” (network view) projected connections can be displayed in the
tabular area.
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6.5.6. Connection resources

Overview of addresses

Y o ™

PLC_ 1 i
CPU1214C IJ_I_
|Q Properties ||:i.'.lnf0 ||ﬁ Diagnostics
J General H 10 tags || System constants || Texts
Hardware outputs A .
: Connection resources
1i0 addresses
» FTOZIPWNMZ
» PTO3/PWNG Station resources Module resources
» PTOAPWMA Reserved Dynamic PLC_1 [CPU 1214C DC/DCI...
Startup Maximum number of resources: 62 6 68
Cycle Maximum  Configured Configured Configured
Communication load m PG communication: a4 - = -
" 3
System and clock memory N HMI communication: 12 1 0 1
b Webserver v 57 communication: 8 0 0 0
Multilingual support N Open user communication: 8 0 0 0
Time ofday Web communication: 30 - -
» Protection & Security Other communication: - = 0 0
Configuration control E Total resources used: 1 0 1
Available resources: 61 6 67

Connection resources

Connection resources are PLC dependent. For a projected PLC available connection resources
are displayed in the PLC properties.
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6.5.7.

Diagnosing the Open User Communication

PLC_1
CPU1214C

FLC_1

et200s-hand
It 151-5 PN

PLC_2
CRU1211C

HI_T

KTP&00 Basic co...

F

e S e

Go online
In the connection

TP-CPU

]

Network overview Connections

¢ | Local connection name

H Relations

” /O communication H VPN

H TeleControl |

Local end paint | Local ID (hex) |Partner ID (hex) | Partner
B Hmaa
Mlrc i Il 1921681
o [l Fc Il unknown

Il FLC 1[CPU1214CD.. HM connection
- o

Connection type

=)
PRI PP S

<]

table you can
see the status
of the
connections

You will find further
details in the
Inspector

window

|g Properties

Connection details:

Connection address details

Device information Connection information

|| Alarm display |

H:i.llnfn i) Hﬂ Diagnostics ‘

Connection details

Connection name: | Programmed open user communication_192.168.111.114

Local ID (hexd: |1

Connection type: | Programmed OUC connection

Protacol: |IS0-0n-TCP

Online status: [} Disconnected

Details:

Faulty: Connection exists only online_ Connection is disconnected (either
because no connection attempt was ever made or after disconnecting).

|

%
f
E
i
s

Connection diagnosis
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Configured connections can be diagnosed in the tabular area of the "devices and networks"
editor. Only an online connection must be established for this. If the connection is selected,
further details are displayed in the Inspector window.
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7. Tags and messages in HMI
7.1. Objectives
At the end of the chapter the participant will ...
be familiar with the possibilities of backing up and restoring an
online HMI project
be able to configure an I/O field
be familiar with the various alarm message procedures
be able to create trigger or monitoring tags
be able to configure discrete and analog alarm messages
be familiar with the procedures for time-of-day synchronization
between CPU and HMI
Objectives
In this chapter, the possibilities of backing up and restoring an HMI project are presented. As well,
the procedure for creating 1/O fields and alarm messages is dealt with.
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7.2. Task description: Outputting the analog value, configuring
messages and time-of-day synchronization with the CPU

G
-
10/28/2011 13:20:19 AM
B 1 an -
1 | B
= o 1 )

HAETSSANEY BEITAN

Message when
Setpoint=Actual

|Time |Status |Text
| 14:52:42  Ch ‘Weight ko big 417

[varning [14:52:08_|C___|All bays are occupied

Task description

e You are to configure an output field on the HMI in which the elapsed transport monitoring time
is displayed. As process value, use the PLC tag "MD_TranspTime".

e When the preset setpoint quantity (Actual=Setpoint) is reached, a discrete alarm is to be
generated. For this, create the discrete alarm "Setpoint quant. reached!" and, as message bit,
use the M33.2 bit memory in memory word "MW_Messages" (MW32).

e When the weight exceeds or falls below the valid weight, one message each including the
current weight is to be displayed. For this, configure one analog alarm each with the
appropriate alarm text and also output the weight value ("MW _Weight") with this.

e Configure the cyclic adoption of the CPU time. For this, read out the local CPU time with the
function "RD_LOC_T" and configure the area pointer "Date/time PLC" in the HMI.
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7.3. SIMATIC WinCC

WinCC Professional (/ T

WinCC Advance |
WinCC Comfort . .

Engineering Edition

WinCC Basic

Basic Panels Comfort Panels, WinCC Runtime WinCC Runtime
Panels x77, Advanced Professional
Mobile Panels |  (stand-alone)

Target Systems
Runtime

Stand-alone SCADA System
... based on WinCC flexible RT ... based on WinCC V7 Runtime

SIMATIC WinCC Engineering System
The engineering system is the software with which you carry out all the necessary configuring
tasks in order to create an interface for controlling and monitoring machines and systems.
Engineering editions

The engineering system of WinCC is modularly graded into different editions. The edition
determines which systems of the SIMATIC WinCC spectrum can be configured.

e Basic: Configuration of basic panels

e Comfort: Configuration of basic panels, comfort panels, mobile panels, multi panels and
operating devices of the type x77

e Advanced: Configuration of PC-based stand-alone systems

e Professional: Configuration of PC-based multi-user systems (SCADA system)

Runtime editions

A license appropriate for the engineering system is required on the respective target system for
operation.
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7.4. HMI device maintenance: Backup/restore with ProSave
( %9 SIMATIC ProSave V13.0.10 [Backup] = |
[rata type:
- » [ PLC_2 [CPU1211C DGDGDC] ™7 |Complete backup =
b rL-E' AL Open I Save a3 Recipes
I]J Z:l Open in new editor |E:\Users\8itrain\AppData\LocaI\TiE:;'D:;nﬁi\t‘:;ﬁ;ﬂat] I J
o W Cut trl+
1 FRun 3 Copy crrlsC i
» h Scorg L it e
D :‘m £l ¥ Delete Del
b g HI Rename F2
Iizfl ta & Goto topology view 4 )
£ HM g Go to network view
d g Cornpile » B ackup of fimware and configuration.
‘El Sl Download to deviee ]
ﬂi Ve & Go online Crrl+ K
19 Use o o oline
4 m Cimm 1 Online & diagnastics C‘I:rllvD - == Cered | galtocty |
» I—j]] Docu HMI Device maintenance =
» [@ Langu Change ohject calor S emEesssemm=-
» g Online ac ; b Authnreibicens KTP600 Basic color PN [Ethernet
b [ card Read I tnefsimulation Update operating systerm
€ Crosseferences F11 nans
" o PN iy ::t:&r.f:acmq settings
&\ Print preview.,
ProSave
With ProSave it is possible to easily make a central data archiving of WinCC. This provides you
with the possibility of fast re-commissioning after a system failure or a device exchange. The
backed-up data is simply transferred onto the new target device thus re-establishing the original
state.
A backup of a device can be made on any storage medium and can be restored, for example, on
a data server.
Functions
ProSave provides all functions which are necessary for the transfer of data between configuring
PC and operating device:
e |Installation and de-installation of drivers and options
e Information about installed and installable options on an operating device
e Saving data via Backup/Restore
e Windows-CE-based devices
e Transfer of authorizations
ProSave is integrated in WinCC and can, optionally, also be installed as stand-alone. Then, when
servicing, you can use the stand-alone installation to restore the original data, which was
previously saved with ProSave, to a target device after exchanging a device, for example.
@—:} For Windows-CE devices, a Backup/Restore can be done independent of ProSave
. directly from the device onto an external storage medium. External storage media are, for
example, memory cards or USB mass storage devices. You will find more information in
the appropriate device manuals.
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7.5. HMI device maintenance: Pack & Go

Create Pack & Go file

- Bl

Device

P,

s,
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5] sche Download to device »
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HMI Device maintenance Backup
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Open
Open in new editor
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Pack & Go ZIP file
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Change object color

reefLicense
Update operating system

Fl] ™= m psosim - - .- .- -

3 Crossreferences

= P l+p 0
o Frint CHeP e pmser m e ctomy Semirms= = =

2\ Print preview... '

© [HMI_T |

. |KTF&00 Basic color PN |

: [12.0.0.0 |

: |Ethernet |v|

192188111104 |

: |D:1C0urseslMy_Project_PackNGo.zip ||

: |No splitting |V|

Create i| Cancel |

Pack & Go

With the function "Pack & Go", it is possible to transfer an HMI project onto an operating device,
even without WinCC being installed on the transfer computer.

Operating principle

Pack & Go creates a ZIP-archive which contains your generated HMI project and a program for
the project transfer. This ZIP-archive can then, for example, be sent by e-mail. The ZIP-archive
must simply be unzipped on the transfer computer so that the transfer program can be started.
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7.6.

HMI project structure

~ [ HMI_1 [KTPE00 Basic PN]
I]'f Device configuration
% Online & diagnostics
1 FRuntime settings

v [ Ternplates
_;'__:] Global screen
v [ HMl tags
.-éi Showe all tags
B ~dd newtag table

DZG Caonnections

=1 HMI alarms

ﬁ Recipes

6] scheduled tasks
L:_;iText and graphic lists
§#§ User administration

24 standard-variablentabelle [22

N

~ E Screens Screen —'I:e—rpﬂplgte_
b -
K ~dd new screen Global screen ___ =]
F_ | Conveyor Display Syste[n/ --
~ [[§] Screen managerment screen

(117

General settings for behavior during Runtime, e.g. display
time of system messages

Contains all HMI screens. Grouping of screens is possible.

HMI tag management. Grouping of tags is possible.

Display and configuration of connections to CPUs.
Configuration of area pointers.

Alarm message configuration and message settings

Recipe management

Create user administration for the HMI

HMI project structure

In the Project window, only elements which are supported by the selected operating device are
displayed. In the Project window, you have access to the device settings of the operating device,
the language support and the version management.

TIA-MICRO2 - Tags and Messages in HMI
Training Document, V16.00.00

7-7



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

SIMATIC S7-1200 Advanced Course

7.7.

Configuring an 1/O field (conventional)

P6O0 Ba olor P ONYEYD
Options n
Tahama k pd u_f Classicdefauh:val ;l E
> | Basic objects g
Elements
- -| Jpera : i =G = i |oF
: Ok | 0~ L. 5 = |wri =
=
........................... =
....................... 8
£
-
w
_____________________________ v | Controls ||
....................... 1= —1 9. — B3
1w @ FLC_1 [CPU 1214 DCDG.. (A l:l
Vl Properties % Info iE » [ Pragram blocks .
" N ) » [ Technology ohjects =
J Properties || Animations || Events || Texts 4 ~ (g FLCtags ! MG i (4]
" )
j P I 3 %’ Default tag table [89] u M_TOI?_nght
E FHE[EIEY e General ¢ v [ PLC data types g o=
e . =
General %’ b [ Local modules iyt
Process L PLC_2 [CPU1211C DDA, -
Appearance : Mi_SETP v]
Characteristics 1 Tag: :][ IE] I w ]
[ A, [ Show all | 3 Edit | |_‘* Add new |

Configuring an I/O field (conventional)

7-8

In order to create an I/O field, it is dragged from the "Toolbox" task card to the desired location in
the configured screen using drag & drop.

Then, a process tag has to be assigned to the 1/O field via the Properties (see picture).
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7.8. Configuring an I/O field (drag & drop)

w [ PLC_1 [CPU1274C DO/DCY
Y pevice configuratian

» [ Program blocks
» [ Technological

%5 Show alltags
K ~dd newtag table
2 Default tag table [85]

Drag PLC tags into the HMI screen using drag & drop = new
I/O field is created

| Operation
ON

Details

< %N35.0
= t#6s

40 MD_TranspTime %MD170 [+

@ MW_ACT SGMW20

| LI SFTR Sahl 22 JDg

,+0000000000 o

$ S R

Configuring an I/O field (drag & drop)

In order to visualize process values on the HMI, I/O fields are used. A very easy way of creating
such an I/O field is to drag the desired PLC tag onto the HMI screen using drag & drop. The
engineering system then automatically creates an 1/O field.

The output format and the appearance of the 1/O field can then be adjusted via its properties.
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7.9. Task description: Outputting the transport time on the
Touchpanel

SIEMENS

Task description

You are to configure an output field on the HMI in which the elapsed transport monitoring time is
displayed. As process value, use the PLC tag "MD_Runtime".
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7.9.1. Exercise 1: Creating the I/O field using drag & drop

« (i PLC_1 [CPU 1274C DGO C/DC]

[IY Device configuration ;

ﬂ Online & diagnostics . i

v gl Program blocks i . STy

| dperation . i

v [ Technology objects P ON Operatlﬂg

- - - - bl Bgmmalspureefilss L oo oo o S
7 E FLC tags o 5

% Show all tags !r‘

E Add new tag table ;:‘ : .|:.| o .|:|. :SEtDOiI'It 1
22 Default tag table [89] D'FOUOUOUUUOO o | ooo

=== EPECURE gpes T = ) = M E—
'EWatch and force tapld=
ﬁb'.ﬁ\ddneww tah ) r r

<] M
Jo
v | Details view// Lel?t

R

Marme ~ Datatype

S mat e TmE

2 MD_ConvRuntime i Tirne )

1 I v o 15 S 1 Ackn.

0| Wiy_SETF Int 1]
kit iaimbt T T |

4 l L

Task
In the HMI screen "Conveyor", create a new 1/O field in the position shown on the screen.
What to Do
Open the HMI screen "Conveyor".
In the Project window, select the "Default tag table" in the folder "PLC tags".
Drag the PLC tag " MD_Runtime" from the Details view onto the HMI screen using drag &
drop.
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7.9.2. Exercise 2: Configuring the I/O field and creating text fields

000

Q
=
=
X
1 —
o G
Ty
=
[
L'y ]
—

» | Elements

mE o wd Ll g

Task
Adjust the properties of the previously created 1/O field and add two text fields as labeling.

What to do
1. Adopt the settings for the 1/O field shown in the following.

General
Process Format
Tag: |MD_Runtirne | £ || Displ%ormat: |Decimal |v |
FLC tag: MD_Runtime ry Decitnal places:
Address: Tirne Field length:
Leading zeros: [ |
Type Fartnat pattern: |9999 |v |
Mode: |Output |v]
2. Adjust the I/O field optically to the one that already exist.
3. Change the Acquisition cycle of the HMI tag " MD_TranspTime" in the HMI tag table.
4. Generate two text fields for the labeling of the 1/O field.
5. Save your project and transfer your HMI project onto the touchpanel.

Q’é‘:’ The PLC tag " MD_TranspTime" has the data type TIME. This is defined in milliseconds.
. On the touchpanel, the only meaningful choice for the display format is Decimal to
display this data type. A scaling was already configured for the tag " MD_TranspTime" so
that hundredth of a second instead of milliseconds is output in the just configured I/O
field.
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7.10. Tasks of an alarm (massage) system

Basic Task:
e Displaying alarms

Expanded Tasks:

e Reporting alarms through a printer
e Logging alarms in afile

e Logging alarms in a database

File

Option:

e Sending e-mails I; —

Tasks of an alarm (message) system

Alarm messages are output depending on events or states that occur in the plant or in the

process.

e Displays: The alarms are displayed on the operating device. This task is supported by every

operating device.

e Reporting: The alarms are output to a printer.

e Logging (archiving): The alarms are stored for further processing and analysis in a file (flash

or hard drive).

e Sending e-mails: Through this task, the "SendEmail" system function can also be configured

to a message.

@ Whether the tasks named are supported depends on the respective operating device
type. Information on the functional scope can be found in the manual.
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7.11.

Structure of an alarm (message)

Date and time-of-day

Alarm text
with a max. 8 insertable
process values

Time stamp

% 70022 3:48:53PM 8/24/2000 Password list import started. 0
nm 1 34437 PM 8/24/2009 (DA Speed limit activated 0
n 3 34414 PV 8/24/2000 D Maximum speed reached: 1149 0

1 34414 PV 8/24/2009  CD Actual speed high 0
m 1 34414 PM 8242000 CD Speed limit activated 4]

2 344014 P 8/24/2000 D Achual speed too high 0
nz 3:41:52PM 8/24/2009  C Maximum speed reached: 1350 0
nm 1_ 3:41:52 PM 8/24/2009 Co  Speed limit activated 8]

Alarm number '

within an
alarm class

Alarm status

Alarm group
Alarm class

Name or identifier
can be configured

for group acknowledgement
(optional)

Alarm classes

Each alarm is assigned to an alarm class that has specific properties. In addition to the following
standard alarm classes, you can also declare your own alarm classes.

Diagnosis Events are generated by the controller and report diagnostic events with standard
texts (such as, the exceeding of the measuring range of an analog input module)

System Alarms are alarms with standard texts that are output by the operating panel (such
as, connection setup to the controller ...)

Error Alarms must always be acknowledged and can be freely configured by the user. That is,
you define the alarm event (= discrete or analog alarms) as well as the alarm text.

Warnings do not have to be acknowledged and like error alarms can be freely configured by
you.

Alarm statuses

7-14

The following alarm statuses exist:

Alarm statuses that do not need to be acknowledged:
- C came
— CD: came and done (gone)

Alarm statuses that must be acknowledged:

- C came

— CA: came, still existing (pending) and already acknowledged
— CD: came, done (gone), but not yet acknowledged

— CDA: came, done (gone) and later acknowledged

— CAD: came, acknowledged and done (gone)
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7.12. Alarm (message) procedures

Discrete alarm procedure

Alarm number procedure
Analog alarm procedure

BEABER

Operating device

Controller sends

cyclically polls the — alarm telearam
relevant data in the CPU — 9
|

Alarm procedures
WinCC supports the following alarm procedures:

e Discrete alarm procedure:
The operator panel displays an alarm if a certain bit of a so-called trigger tag is set in the
controller. For this, the operator panel must read out the trigger tag cyclically from the S7
controller.

e Analog Alarm Procedure:
The operator panel displays an alarm if a certain tag exceeds specified upper or lower limit
values. For this, the operator panel must read out the tag cyclically from the S7 controller.

e Alarm Number Procedure:
The operator panel displays an alarm if the controller sends an alarm telegram of the
associated alarm number to the operator panel.
This procedure has the following advantages:

— the alarms are displayed in exactly the same sequence as they actually occur in the
process

— the alarms have a CPU time stamp and not an operator panel time stamp
reduced bus load because communication only takes place in case of an alarm
no alarms are lost
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7.13. Trigger tags for discrete alarms

Default tag table

Tj HIAI_1 [KTPEDD Basic .. Marme a Data type T. .
I]"|' Device configuration MD_TranspTirme Tirne LT [
% Online & diagnostics MW_ACT Int T
1 Runtime settings | :- WMW_Messages Ward E BB

Bageaagaa

J F_D Screens W _SETF Int T.

A :_r\-_m:;-_il';?En_l'l_‘uil‘l_dh'l'?_l'll'?_ns WW_Weight It T. [
! v g Hulltags T_Left Bool T
' % Show all tags T_off Boal T
. K’ ~dd new tag table T_Cn Biool T
. 2 Default tag table .. | ‘I i B
' CoRREESTT T T T T

; ::.l|:|is|::|m, | e Properties  [*i}Info i) 2l Diagnostics |

5] scheduled tasks J Properties || Events |

b Test and graphic lists M

bettings

§#5 User administratian

- n . Gener
L@ Unassigned devices seneral ~

;,i Common data Settings
Fange

Settings

_ ol ;
Acquisition mode:, | Cyclic continuous

[5]) Docurnentatian settings —

@ Languages & I'E'E-DLII'CE' Linzar scaling
L B

Walies

T+l T SO

Trigger tags

To generate a discrete alarm, a bit edge change is necessary. These bits are managed in trigger
tags. These trigger tags are edited in the HMI tags or can be created directly when configuring a
discrete alarm.

Data type

The trigger tag must be of the data type Word.

Array elements
If more than 16 bits are needed, the range can be increased by the number of ARRAY elements.
Several, different trigger tags can also be created.

Acquisition mode "cyclic continuous"

Trigger tags must be constantly monitored in the background by the operating device since alarm
events are possibly not registered otherwise.

~— For performance reasons, it is wise to declare the trigger tags in a continuous data area,
. rather than to scatter them throughout. That way, all trigger tags can be read out of the
controller by the operating device with fewer reading accesses.

)

C

(i@
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7.14. Configuring discrete alarms

Devices T4 Discrete alarms 1|q Analog alarms ||% System events ||q Alarm classes | |< | ]
B | =
Discrete alarms
[ Default tag tahle .. D Alarm text N rfxlaim class Triggertag _ _ _ _ Triggerbit | Trigger address
¥2q Connections =] 'IE‘ Setpoint quant. reached: <Tag : 3, MW_SETP= Errcrs WMW_Messages D 3 [&] Mw_Messages.xé
[E=EHMI alarms P A . . U )
o recipes
] Scheduled tasks | B|t W|th|n the tag
7 Bit within the PLC
Process (|nf0rm ation)
Tag: |Ww_SETF EmN }
PLCtag: MW_SETP P "MW _Messages" (MW32)
A
Address: Int ~ —
A 15 .6 0
Format "\, °
Display type: |Decima| |'|
- A _/
Length: v ~—
a AN MB32 v MB33
O M33.6

New alarm message

By clicking in the next empty line in the "Alarm text" column, a new alarm is created. The new
alarm must be assigned to an alarm class and a trigger tag (trigger bit of a Word tag) must be
defined.

Alarm text

The alarm text can be a maximum of 254 characters long and can be formatted character by
character. Tag values and/or texts from text lists can be inserted in the alarm text. The current
value of the tag used is updated or once again read in when an alarm occurs.
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7.14.1. Slice access (all languages)

"My_Var", Data type LWORD

B7

W3 w1

D1

DO

Bl

Slice Access
Examples:

X X bit-by-bit:
7 0 "My_Var".%X0

byte-by-byte:
"My_Var".%B1

BO

word-by-word:
"My_Var".%W3

WO

dword-by-dword:
"My_Var".%D1

Slice access

In all programming languages, the slice access enables a bit, byte, word and double-word access

to variables of greater dimensions respectively.

With a bit access, for example, the individual bits of an integer variable can be scanned or low
and high byte can be loaded even though no symbolic names exist for these variable elements.

7-18
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7.15. Configuring analog alarms

2l Discrete alarms ][] Analog alarms |B-_—_' System events ||_.,, Alarm classes ||_U Alarm groups

= # -

Analog alarms

I Alarrn text Alarm class Trigger tag Lirnit Lirnit rmode
= |£| Weight is too high: <Tag : 3, MW_Weight=  Warnings [_] MW ight [_] 400 |%v Higher
Ll 2 Weight is too low: <Tag : 3, MW_Weight=  Warnings M _Weight 100 Lot
=Add ne..

Trigger condition '_/

Analog alarms

An analog alarm is triggered when the value of a monitored (trigger) tag exceeds or falls below a
limit value. The limit value can be specified by means of a constant or via a tag.

Properties

e Exceeding
The alarm comes if the specified limit value is exceeded, and it goes when the limit value
once again falls below

e Falling below
The alarm comes if the specified limit value falls below and it goes when the limit value once
again exceeds (the limit)

e Delay
To "debounce" the monitored (trigger) tag, a delay time can be specified. With it, you can
define how long (time) the limit value must be exceeded or have fallen below before an alarm
is output

e Dead zone
To prevent an "alarm flood", a dead zone can be specified. With it, you can define by what
amount (absolute or percental) the value of the monitored (trigger) tag must once again fall
below (exceed) the limit value after the limit value has been exceeded (fallen below) so that a
new exceeding of the limit value (falling below) can once again be recognized as such

Acquisition mode "cyclic continuous"

Monitored (trigger) tags must be constantly monitored in the background by the operating device
since alarm events are possibly not registered otherwise.

B When you create a tag, the default setting "Cyclic on Use" is set as the Acquisition mode.
& This must be explicitly switched to "Cyclic continuous" for tags that are used as
"monitored (trigger) tags" for analog alarms.
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7.16. Displaying alarms (messages)

Project tree m 4 )
Devices A
Options »
e —
K- N-) 5 i 3 = 3 =
199 180000 k .& L‘ i ;l g
» |Basic objects g
Mame - - x
v ] MICROZ_S_%13_5F1 - ¥ [Elements
B Add new device « | Controls o7
IEEI,] Devices & netwotks _'_"I Al i :sb
] r_i. PLC_ 1 [CPU1214C DCIDC... Q Trame e E
] _m PLC 2 [CRPU 211G DG"DQ'.... = i? Uspulam g-_
* [ HMI_1 [KTP600 Easic cal...| . =
- - -~ P ﬁ Recipe view n
u'f Device configuration

e T
ﬂ Online & diagnostics |
1 Runtime settings

= h Screens
ﬁtAdd ey SCTEer Options E
o > =
Smonveyor kLY E" = :ED‘
essage 5
~ [[§) Screen management > | Controls 2
» [ Templates 1] Alarmwindow S
o Lo @
=7 Global sereen [ 1, Alarm indicator
» [ HMitags =
% Show all tags Ei
.
B #dd newtagtable =
i e i LS

2 Defaulttag table [...
<] i B

Alarm view

Several alarm views can be configured for different alarm classes and in various screens or
various windows. The alarm view is only visible when the relevant screen is called.

Alarm window

The alarm window can only be configured in the "Global screen”. Just as with the alarm view you
can select the alarm classes to be displayed. You can define whether or not the alarm window is
to appear in all screens when an alarm "comes".

Alarm indicator

Just as the alarm window, the alarm indicator can only be configured in the "Global screen". It is a
graphic symbol that points to pending alarms or alarms to be acknowledged in all screens,
depending on the configuration. With the help of the alarm indicator, a defined alarm window can
be shown.

TIA-MICRO2 - Tags and Messages in HMI
7-20 Training Document, V16.00.00




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

SIMATIC S7-1200 Advanced Course

7.17. Task description: Configuring a discrete alarm and analog
alarms

SIEMENS

start picture

i § § 8§ 8 &

Task description

When the preset setpoint quantity (Actual=Setpoint) is reached, a discrete alarm is to be
generated. For this, create the discrete alarm "Setpoint quant. reached!" and, as message bit,
use the M33.2 bit memory in memory word "MW_Alarm" (MW32).

When the weight exceeds or falls below the valid weight, one message each including the current
weight is to be displayed. For this, configure one analog alarm each with the appropriate alarm
text and also output the weight value ("MW_Weight") with this.

(ﬁ An appropriate alarm window for the output of discrete and analog alarms is already
configured in the global screen. Alarm messages of the alarm classes "Errors”,
"Warnings" and "System" are displayed.
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7.17.1. Exercise 3: Configuring a discrete alarm

. |Cgl Discrete alarms . {C] Analog alarms Iﬁ_
Discrete alarms
D Alarrm text Alarrn class | Trigger tag Trigger bit  Trigger address
£ [5d 1 [Setpoint quant reached Errors 4, C o I S MW_Messages.x2 ;
| |
- h_[. PLC_1 [CPU1214C E Marne Data type Address
F- o g | =
b g Program blocks Hane
4 :ﬂ Technalogy olje.. L WW_ACT Int SRV 0
~ g FLC tags Sll4m . MW_SETP Int %22
% Default tag ta.. * Int W36
~ [ HMI_T [KTP&00 Basi.. |||
=
* g HMl tags
- 24 [efa Al T
[] Shew all
Task
When the preset setpoint quantity (Actual=Setpoint) is reached, a discrete alarm is to be
generated. For this, create the discrete alarm "Setpoint quant. reached!" and, as message bit,
use the M33.2 bit memory in memory word "MW _Alarm" (MW32).
What to do
1. Inthe HMI project, open "HMI alarms"
2. Select the tab "Discrete alarms"
3. Enter the alarm text, alarm class and the trigger tag/bit
4. Load the HMI project into the touchpanel
5. Open the function "FC_Count"
6. Atoutput "Q" of the IEC counter, insert a further assignment to the bit memory
"M_ACT=SET_Alarm" (M33.2)
7. Transfer the modified function to the CPU
8. Produce as many parts as you need so that the preset setpoint quantity is reached
Result

The message "Setpoint quant. reached!" appears on the HMI.
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7.17.2. Exercise 4. Configuring analog alarms

R =

Analog alarms

IC Alarrm test Alarmn class Trigger tag Lirnit Lirnit rmode
—egeh S
Edh | %] weight is too high: <Tag : 3, MW_Weight=  Warnings [;];MW_Weight H4EIEI |ndd+ Higher
4 2 Weight is too low: <Tag : 3, MW_Weight=  Warnings :MW_WEight P10 Lowwer

<idd ne... /7 ------
| | [

« [ FLC_1 [CPU 1214¢C E MNarne Data type Address
b gl Program blacks
[ :ﬁ Technology abje...
~ [ G PLCtags

Int
Ward
Int

% Default tag ta...

w [ HWI_1 [KTPe00 Basi.. [ |-~~~ -~ TTTTTTTETEReT
K[ w ]
[] show all

Task
When the weight exceeds or falls below the valid weight, one message each including the current
weight is to be displayed. For this, configure one analog alarm each with the appropriate alarm
text and also output the weight value ("MW _Weight") with this.
What to do
1. Inthe HMI project, open "HMI alarms"
Select the tab "Analog alarms™"
3. Enter the alarm texts and configure the output of the process value:
Alarm - Right-click in the text field = Insert tag field...
4. Enter the Alarm class and the Trigger tag "MW_Weight"
5. Enter the limits (100 and 400) for controlling the alarm messages and the mode
6. Load the HMI project in the touchpanel
7. On the potentiometer, set a weight that is either too low or too high
Result
When the weight exceeds or falls below, the respective alarm message appears with the
associated weight.
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7.18.

Possibilities for Time-of-day synchronization

Manual time specification on
the HMI

Configured, cyclic CPU time
adoption

‘e

BB BB

rY

Programmed time setting
through CPU program

Configured, cyclic time
adoption from the time
server in the network

General

Since not all operating devices have a buffered realtime clock (in particular the lower performance
range) the system time of the operating device must be set, since the operating device otherwise
works with the initial time of the operating system after a Power OFF/ON.

Since the system time of the operating device is used as a time stamp for...

all discrete alarms, analog alarms, system messages and diagnostic messages and

logging (archiving) of process values within the operating device

...it must be set using one of the procedures listed below.

Application

7-24

For the system times’ synchronization of HMI and CPU, there are several procedures:

Manual time specification on the HMI

The system time is input via a configured Date/time field and doesn’t represent a
synchronization between CPU and HMI time in the proper sense, since the internal system
clocks of CPU and HMI will inevitably deviate after the time has been input in the HMI.

Configured, cyclic CPU time adoption

The configured PLC time adoption is easy to configure and doesn’t require any great program
expansion on the PLC program side. For that reason, this procedure is usually used. > See
next page.

Programmed time setting through CPU program

The programmed time setting through the CPU program utilizes a mechanism to start
functions within the operating device from the CPU program. This can relieve the
communication load of the operating device but it means programming effort in the CPU
program.
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e Configured, cyclic time adoption from the time server in the network (via NTP)
The system clocks of HMI and PLC are synchronized by the same time server and thus run
synchronously. In the HMI, this procedure is configured in the "Control Panel" in the
PROFINET settings (NTP).
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7.19. Cyclic Time-of-day synchronization

Panel — Date/Time

Date/Time Properties jox] “

Project tree

Devices
OO

Pay attention to time zones
as well as Daylight saving
ime andard time

* ] My_Project
B Add new device
iy Devices & networks
» [l FLC_1 [CPU1274C DCIDG
» [ FLC_2 [cPU1211CDEDE
~ [ HMI_1 [KTRE00 Basic ca
Y Device configuration
ﬂ Online & diagnostics

ty_Project » HMI_1 [KTP60O Basic color PN] » Connections

#F Connections to 57 FLCs in Devices & Networks H

f Runtime settings Connections

- JUssssssssssssssssssEms :
b [9 screens I Neme Communication driver  ® HMI tirme synchronizstion mode | Station Parther Node
" w
» r\'m Screen management EE'EI TP-CPU SIMATIC §7 1200 : Slave - l 9.7-1 200-Station_1 PLC_1 CRU 1214C DD
b L3 HMitags <l e (hooooooooooocooooooooob M
"""""""""""" Connections el - o
1 HMl slarms ~|
AL ULL SR

Projected time-of-day synchronization

The S7-1200/1500 operating systems are capable of easily synchronizing the time cyclically with
an operating device.

Not every operating device supports this form of time-of-day synchronization.
Basic-/Comfort-Panels, various Multipanels, PC-Runtime etc., support this.
— see online help or the operating device’s technical data

To be noted
e For several configured connections — only one connection can be "Slave"

e If a connection is activated as "Slave" — then the global area pointer "Date/time PLC" cannot
also be used

e For the controller, if the type of protection "Complete protection” is activated for the
connection — then the correct "password" must also be configured for the connection for
time-of-day synchronization in the operating device

For this method of time-of-day synchronization, the system time (world time) is
synchronized. For that reason, the same time zone as well as daylight saving time and
standard time must be set in the panel and the CPU
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7.20. Cyclic Time-of-day synchronization by means of area pointer

Connections
- Tj HIMI_T [KTP&0D . Mame Comrnunication driver Station Partner Mode
Y pevice config.. oy TR-CPU SIMATIC 57 1200 SIMATIC 1200 stati. FLC_1 CFU 12
| nmmEnm B online & diag... <Add new:
r:|' Runtime setti . < m ]
P[] Screens L O s |
..““ » [ Screen mana.. | Parameter E__A_I'l'-_‘_aJ)Eil_lt_El'_ _T:
s » [ Hull tags - - RN
- o P Global area pointer of HMI device
0§ v - SUSSITREEETR | (5 . -
i . 1 HMI alarmms Connection  Display narme  PLCtag . .. Length Acquisition.. Acquisition..
L] = | v z
1 : :‘ Recipes Undefined- | Project ID Undefined 1 Cyclic conti... =Undefined
A ; 5] 5chedulzd oo/ wlaf e S e e e Wl d - - - N a7 [ T=T PR NI [
3 Scheduled ta... - : : :
o . 2] Text and aran = : TF-CFU B Dateltime PLC  DE_HMI_sync Date_Time B [ Cyclic canti.. 1h D
T
i /\
¥
[—
-—
] DB_HMLs
MNarme Data type
p E—
RD_LOC_T | <1 - Stati
DTL 2 <@|= - Date_Time | oTL E=]
EN ENO e 3 |« u TEAR Int
RET VAL #retval loc t 4 ) = MOHTH Usint
........ r=a
OB HMT sync”. " ; 5 4@ = DAY USint
ouT |_D_a£E‘__1—Irﬂ_e_ ==l : & lam = WWEE T W 112

Time-of-day synchronization with area pointer
For the time-of-day synchronization by means of global area pointer, the realtime of the panel is
cyclically updated.

Principle

You store a time stamp of the CPU realtime clock in a tag of the data type DTL which is declared
in a data block. The operating device cyclically reads out this tag from the controller via an area
pointer and so synchronizes its time at the same time.

=

)

L

— The CPU program must constantly or cyclically update the time stamp stored in the tag to
ensure that the time stamp it contains is always current whenever the operating device
reads out the tag.

4

Data Format of the Time Stamp

The CPU has a buffered realtime clock that can be read out by means of the system function
"RD_SYS_T" (system time) and "RD_LOC_T" (local time). This delivers the current time stamp in
the "DTL" format which can also be interpreted by the operating device.

HMI Configuration

The adoption of the relevant time from the CPU is configured via the area pointer "Date/time
PLC". The configured time in the column "Acquisition cycle" determines the time interval in which
the data stored in the CPU is read. This time should not be configured as short as possible, rather
be configured as short as necessary in order to keep the communication load as small as
possible.

)

== Until the first acquisition cycle has elapsed, the operating device still works with the
operating system’s initial time.

@y
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7.20.1. Exercise 5: Configuring the Time-of-day synchronization CPU > TP by
means of a global area pointer
""" o + | Elements
- 12/31/2000 10:59:59 AM| - - Operation 10 field
. _ | Button
Operation OFFX' b & 5l Symbolic 10 field
Wt .8 Graphic Ilo field
i I [ | B3I oaterine ficld I
|3Pm|m|ties ||"i.,|nfo y"ﬂ Diagnostre - S '
Properties || Animations " Events | | Drag & Drop 41 switch
¥ propertylist | ™ Farmat " " [l svromtie & Field
General Tag: E
I’HL|=: Ia}rra nce FLC tag: P E
= FC_HMI_Sync (FC11) DB_HMI_Sync (DB11)
[ DB_HMI_sync
RD LOC T Marne Data type
DTL 1 <@ = Static
EN ENO 2 4m|s ~ Date_Time | oTL Ell~]
RET_VAL s fretval loc t __ ﬁa @ = vEAR Uint
' “DB_HMI_sync“.: 4 4@ = MONTH Usint
ouT :_ ) E)et?:'llir_l‘l(_e_ ) _: 5 4 = DAY Usint
Task

Configure the cyclic adoption of the CPU time. For this, read out the local CPU time with the
function "RD_LOC_T" and configure the area pointer "Date/time PLC" in the HMI.

What to do PLC part

1
2
3.
4
5.
6.

Create the new DB "DB_HMI_Sync"
In the new DB, create the tag "Date_Time" of the type DTL
Create the new function "FC_HMI_Sync"

With the function "RD_LOC_T", read out the current CPU local time and save it in the
previously created DB tag

Call the function "FC_HMI_Sync" in cyclic OB
Transfer the PLC program to the CPU

What to do HMI part

1.
2.

b

)

=

4

7-28

0

In the HMI project, open the "connections" and there the tab "area pointer"

Configure the "global area pointer" "Date/time PLC" by specifying the DB tag
"DB_HMI_Sync".Date_Time with an acquisition cycle of "1min"

In the screen "Conveyor", create a date/time field in the mode output and output the
touchpanel’'s system time (see picture)

Transfer the project to the touchpanel and check whether the correct time is output
— Until the first acquisition cycle has elapsed, the operating device still works with the

operating system’s initial time.
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7.21. Additional information
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s
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7.21.1.

Daylight saving time / standard time change

General

} General
b FROFIMET interface [X1]
» DI14/DQ 10
b oAlZ
b 407 signal board
b High speed counters (H3C)
» Fulse generators (FTC/PW)
Startup
ycle
Communication load
Systern and clock mernory
b Web server

Userinterface languages
Titrie of day
Protection

Connection resources

Overview of addresses

Time of day

Local time

Tirne zoh

Daylight saving time

(A (UTC +01:00) Betlin, Bern,

[W) Activate daylight saving time

Difference between standard

and daylight saving tim

e |6D mins I;l

Start of daylight saving time

of

at.

Start of standard time

of

at.

| Last

[~]

|Sunday

[~]

: |March

|V|

" | 01:00 a.m.

[-]

| Last

[~]

|Sunday

[~]

: |Octoher

" | 02:00 a.m.

[-]

Daylight saving time / standard time

7-30

In properties of the PLC an automatic activation of daylight saving time / standard time can be

set.
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7.21.2. Additional exercise: Adopting the time from the CPU

Contral %qJ
— s [ perive
]
Date/Time Properties jox] “
Project tree
Devices
HOO

Pay attention to time zones

= hy_Pt T . .
L as well as Daylight saving

B Add new device

& Devices & networks
v [ PLC_T [CPU 12940 DODE,
3 rfn PLC_2 [CPU 1271C DDC
= 5 HMI_1 [KTP&O0 Easic ca

tdy_Project » HHMI_1 [KTP60O Basic color PN] » Connections

[¥ pevice canfiguration &F Connections to 57 FLCs in Devices & Metwarks =
ﬂ Online & diagnostics .
¥ : Connections
Runtime settings - - )\ fUSEEEEEEEEEEEEEEEEEEES
» [F) Screens _Name Communication driver HMI time synchranization maode dration Partner MNode

» ﬁ Screen managerment

TP-CPLI SIMATIC 57 1200 I slave [+] 571200 5tation 1 PLC_1 CPU 12140 DEDG..
.

» [ HMitags <idd newes "assssssssssssEEEEEEEE .
Bzi Connections P o PP et e e P bl e e bt e s e eV
- HMI alarms ~|
SR UL PR Y

Task description
In the Connections, use the setting Slave for "HMI time synchronization mode" for the time
synchronization and not the global area point "Date/time PLC".
What to do PLC part
1. Delete the call of the function "FC_HMI_Sync" in cyclic OB
2. Transfer the PLC program into the CPU

What to do HMI part
1. Inthe HMI project, open the "connections" and there the tab "area pointer"
2. Delete the "global area pointer" "date/time PLC"
3. Set the HMI time synchronization mode to slave (see picture)
4

In the panel’s settings, set the correct value for "time shift"
"Stop Runtime > Control Panel > Date/Time". (pay attention to the time shift and +1h for
daylight saving time)

5. Transfer the project to the touchpanel and check whether the correct time is output
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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.
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8.2. Task description: Commissioning a PID controller and
controlling a stepper motor
Z

= 1
p1 & C de
| — |
R2 T R3
| D2

T .

|PID closed-loop control|

| Stepper motor |

Task description

TIA-MICRO?2 - Technology Objects

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 disturbance, 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.
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Introduction to pulse generators

CPUs Signal board

S ess— — _

100kHz 20kHz / 200kHz

S85a45s
/ Description Default output assignment
Pulse Direction
PTO1 Integrated in CPU Q0.0 Q0.1
) Signal board Q4.0 Q4.1
ES"I‘;’; g::e‘;";z rzs 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/PWM1 always uses the first two digital outputs of the configured addresses
and PTO2/PWM2 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%

A
. 4

Duty cycle
varies, e.g. 40%

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

%DB3
"CTRL_PWM_DB"
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 |<_4 4_)| |‘_4 |‘_4

Frequency varies I I =

Out 2

Direction - J L e e e e e e o I

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-MICRO?2 - Technology Objects
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8.3.3. Configuring a pulse generator

|3Prupenies ||"_i..lnf|:| y”i Diagnostics

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

b General
» FROFIMET interface [x1]
» DIGIDG4
b oAl2
b High speed counters (H3C) Enable
E e EEEEEEEE ==
* Pulse generators (FTOIFWM)

~ FTO1PMT

General

FTOT/PRAT

> General

-

Farameter assignment
Hardware outputs
0 addresses
Hardware identifier

P FTORIFNMZ

» FTO3IPWM3

P FTOHFIMG

=S s s s s e .

Corntmunication load

System and clock memory

-

Web serser

Userinteface languages

Time of day

Frotection

Connection resources | |
Owerview of addresses

> Parameter assignment

|| > Hardware outputs

Configuration within the L/
CPU Properties

[W Enable this pulse generatar

Project information

MName: |Pulse_1

Comrment:

cycle Pulse options

Signal type: | P -
Tirne base: | Milliseconds hd
Fulse duration format | Hundredths -
Cycle time: {100 ms |%
Initial pulse duration: |50 Hundredths |=

Fulse output: | %Q0.0 ..., 100 kHz on-board output

Configuring a Pulse generator

To activate the pulse generator, you need to proceed as follows:

1. First, 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
Time base

— Cycle time speci

PTO output

Format for the pulse duration

fication

— 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)

Eﬂ_l‘im
ouavave S

A N | | | |

‘/ | Measured actual value

\[\f —~

\V \_‘
| Setpoint

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

e 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 despite 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) gpntrolled
Controller Actuator p system
P l .
Setpoint l» @) i» | —_— Y Actual
P ~ O " value
D Measurin RC
- Controller PWM 9 element

. element
\ ) Analog
N input

® o

Zh %DB8 et 01 FC

e . "PID_Compact_2" s qar-©
N
4)@9/ PID_Compact NES °
L.
64,@ Output Value of man. var. to analog module
/}O Output_PER
2o, - .—EN Output_PWM ——
N . Value of man. var. to pulse
%" Setpoint State output
» Input Errar
om— Input_PER _ ENO) 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, 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

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

[ Wy_rroject Add new object
e y_Proje

B Add new device NanE
T
g Devices & netwarks !H_D__RC_ .

» [ PLC_1 [CPU 1274C DGDGY..

w [ PLC_2 [CPU1211C DC/DCH .
[l'f Device configuration *
% Online & diagnostics
» [l Frogram blocks Motion control
[ =7 T4 Technologyobjects 4 ErrrrT
W Add new object ' n
=== ¥ G Bl SuRSies T T K :
» (4 FLCtags :
4 Tﬂ PLC data types PID ]
» [5l watch and force tables 0O0 00
» [ Online backups F
» Tj Traces E
» [if Device proxy data
B Program info SIMATIC Ident

&) Textlists
» [ Local modules
» [ HKI_1 [KTPEOO Easic col .
4 m Cornmaon data
» (5] Documentation settings

] .—:@ Languages & resources

> | Additional information

L2} | PID Compact [FB 1130]

Name ersion Type:
~ [7] PID Control
~ Cfampaci e = = = WG m,

o3 PID_Compact V23 () Menual
B o = P
3 PID_3Step W23 @ Automatic

2 FID_Temp V11 o
Description:

The technology object PID_Compact provides
a universal PID controller with integrated
tuning.

It corresponds to the instance dats block of
he PID_Compact instruction.

is data block must be transferred when

u call the PID_Compact instruction.
_Compact includes all settings for one
cific control loop.

you open this technology object, you
pported by a special editor for

uration of the controller.

ol 5]

» [ Online access

» [ Card ReaderUSE memory [#] Add new and open

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 configured successfully

& The settings are occupied only with default values,

function 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.

8-10
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8.4.2.1. Configuring a PID controller (1) - Basic settings

Basic settings / Choice of Controller type, |
e.g.: Brightness, Pressure,
Input/ output parameters @ / .g . g
. Controller type Viscosity, etc. -
= Process value settings (]
Frocess walue limits o
Frocess walue scaling Q Yoltage o o 7Y n
¥ Advanced settings @ [ Invert cantral lagic
Frocess value manitaring @

- [ Activate Made after CPU restart
Pt lirnits

Outputwalue limits

Set Mode ta: | Pretuning |v|

Q00

FID Farameters

Input ! output parameters

Setpoint:
|~ |

Input: Qutput:

e DSy |

L}
T 1
1 Dutput o
! Qutput_PWw 1
L]

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)

e Input:

CrFlJoose 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-MICRO?2 - Technology Objects 8-11
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8.4.2.2. Configuring a PID controller (2) - Process value settings

¥ Basic settings || Process value settings
Controller type .
Process value limits
lup i Lot e M2
e settings: " W
== SFofes Rhelimie T T W ry
Process value scaling ﬂ
v Advanced settings () Frocess walue high limit: 150 W
Process value monitoring @
Py lirnits ]
Output value limits ]
FID Parameters a -
Process value low limit: 0.0 W
—
*
Process value scaling
Input_FER:
Enabled
W
" . A
Scaled high process value:
3 100.0 W
Scaled low process walue:
|
| 0.0 W
|
>
| Input_PER
|
Lo 0.0 High 276480

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.
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8.4.2.3. Configuring a PID controller (3) - Process value monitoring and PWM limits

w Basic settings ()
Contraller type ()
Input § output parameters @&

w Process value settings ()
Process walue limits ()
Process value scaling ()

v Advarged g o - - - &

' monitaringfy
Pt lirmits (]

Output value limits (/]
FID Parameters o

w Basic settings ()
Contraller type ()
Input { output parameters @&

w Process value settings ()
Process walue limits ()
Process value scaling (/]

w Advanced settings 0| |

— iEEEn IR e Ol
:__________l @
Qutput value lirmits ()
FID Parameters o

Process value monitoring

Warning high limit: 13.0 A

Warnhing low limit: | -2.0 A g

PrmA limits

v

Minirmum ON time: | 0.0

Minirmurm OFF time: | 0.0

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.
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8.4.2.4. Configuring a PID controller (4) - Output value limits

~ Basic settings Q
Controller type () Output value limits
Input | output parameters @&
~ Process value settings /] Output value limits =
Process value limits o A
Process value scaling o
~ aAdvanced settings (/) output value high limit:
Process value monitoring o
ST . ©
10utput value Iimim: (/]
PDParameters &
Output value low limit: |0.0 %

v

Reaction to error

Setoutputto: | Currentvalue while error is pending -
Inactive

Substitute output value: . . .
Current value while error is pending

Substitute output value while error is 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.

TIA-MICRO?2 - Technology Objects
8-14 Training Document V16.00.00



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

SIMATIC S7-1200 Advanced Course

8.4.2.5. Configuring a PID controller (5) - PID parameters

* Basic settings
Controller type
Input [ output parameters
* Process value settings
Process value limits
Process value scaling
* Advanced settings
Process value monitoring
PV limits
TR R

dO00AAIIID

: PID Parameters

PID Parameters

@ Enable manual entry
Proportional gain:
Integral action time: |20
Derivative action time:
Derivative delay coefficient:

Proportional action weighting:

= =] e b | [ =

ol o] |k R L=]
=1
“

Derivative action weighting:

-
o
1A

sampling time of PID algorithm:

Tuning rule

Controller structure: | FID

4

|

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
DB 4
"FID_RC"
PID_Compact
A
EN ENQ =i
10.0 — Setpoint Output — 0.0
0.0 — Input Output_PER — 0
WG4 W02
"IW_VoltageRC" — Input_PER Output_PWM —"Q_Funz"
State — U
Error —ifalze
- ErrorBits 1680
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

8-16

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:
¢ 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:

¢ New mean value >= 1.5 x old mean value

¢ New mean value <= 0.5 x old mean value
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8.4.4.

Using the commissioning panel

> ] My _Froject
K Add new device
i Devices & nevworks
3 h PLC_1[CPU1214CDCDCDC]
~ (g PLC_2 [cPU1211C DGDGDC]
|]'f Device configuration
%) online & diagnostics
= [ Frogram blocks
ﬁ" Add new block
4 Cyclicinterrupt [OB200]
4 Main [0B1]
48 FC_Rewveive [FCI1]

~ L] FID_Re [DB200]

@ DE_RECEIVE [DBS]
b ¢ Systemn blocks
- [ Technalogy obje
B Add new object’

e~ L =T LT

[>]

Measurement
=

§  Sampling time: |
- - LS > )

Tuning mode

[ Pretuning Q [+] |p Start
X

\

°

[ ]
[ ]

P

¥t commissianing

W

CHEDEIEEEE

Q0N ¢EER ¥aQ 3\}
1 Ll B

N\

PID_RC

Select Tuning
“ (optimization) and
Start

: . [
o MLU\‘\ M Monitor Setpoint,

Scaled input and

» [g PLCtags

» [ PLC data types

b [ Watch and force tables
[ online backups

)
L& Traces

(5} Device proxy data
B8 Program info
E] Testlists
» [l Local modules
A T:' HrI_T [KTPE00 Basic color P
111 Device configuration

Bl e s

== T TSl R = =

hd ‘ Details view

e Output
<] i
.-Q- <Fi Name Datat.. Addre.. Color S‘c;lw"vglgvrol.lp cale sl Adop“ng the
1 Setpoint Real B 15 q 3
@ |: @« scalednpu Real ] 15 0pt|m|29d PlD
3 @ < Output Real [ | p| param etersin the ||
Tuning status Online status of controller projeCt
Frogress: Setpoint; \
ststust [ System tuned () Display of the
I currentcontroller
e
o v ioooo 0o o L statuses =
E}zl 1 PID Parameters ] Il M | d
! ! Upload FID parameters : contraller state: |Enabled- anua mo €
' G010 FID parameters [ seoef possible
L]

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 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

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.

Q0N YRR ERQY TH M 4 I EFHE=E &
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8.5. Task description: Controlling the capacitor voltage

Feedback of capacitor voltage

(actual value)
Analog
input
/
e
— — ' | R1
PID controller D1
Setpoint=const. R2 I

| 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 disturbance 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.

TIA-MICRO?2 - Technology Objects
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8.5.1. Exercise 1: Creating and configuring the "PID" technology object

- Add new object -~ X
> ] My _Project
Ef Add new device dlang: m
L]
ﬁﬂh Devices & networks !PLDfC_ M |

» [ PLC_1 [CPU 1214C DD

~ [ PLC_2 [CPU1211C DGDCY... Neme Version | Type: L] [PID Compact [FB 1130]
1Y Device configuratian M J:‘D ! 0 . Number: I:lzl
. . . X F‘W‘Hﬁﬁ = omowm WOD -
]
% Online & diagnostics ¥ PID_ Compact V23 ) Manual
- "'i«? frogram E'D.Ck._s T —— Motion control 4 PID_35tep V23 (& Automatic
¥ |4 Technology objects - == 2 PID_Temp V14 N
: H T Iz
Wi Add new object i ' r R
: n Th hnology object PID_Compact provides
- o m o om m omm m momomomom k e technology obj LI 5Ta i
4 BxeErials e fife? Z n & universal PID controller with integrated
» [4 FLCtags r tuning.
= . It corresponds to the instance data block of
b L PLC data types FID n he FID_Compact instruction.
» :ql watch and force tables sma====l is data block must be trgnsferred when
= = u call the PFID_Compact instruction.
» L Online backups F _Compactincludes all settings for one
= cific control loop.
D |-'~‘ Trac:.es E you open this technology object, you
b i Device proxy data ary \upported bya special editor for
—wli Pragram info SIMATIC Ident cor\ \uration of the controller.
E] Text lists

» [ Local madules
» [ HMI_1 [KTPE0O Basic cal..
» [g# comman data
b (5] Documentation settings <] [ ]
» n_Q Languages & resources

> | Additional information

» [ Cnline access
» [ card Reader/USE memary [¥) Add new and open

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” - PID_Compact - Name:
PID_RC
2. Implement the settings shown in the following:
Basic settings
Controller type
|\-"|:|Itage |v| |\-" |v|
[ ] Irvert contral lagic
@ Activate Mode after CPU restart
Set Mode to: | Pretuning |"|
Input ! output parameters
Setpoint:
(-] |
Input: Qutput:
| Input_PER {analog) |v| [ i | Cutput_Ph |v|
[~ | — —[#~]| |
Continued the next page 2>
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Process value limits

Process value settings &(‘
o
*

15.0 W
|
0.0
.
Process walue scaling
bled
b
10.0 W
0.0 W
[

0.0 276

Automatic setting

x 3
Frocess walue maonitoring ' ) |

3. PWM limits, omwe limits, reaction to error, and PID parameters remain unchanged.
4. Save your proj

\
\Q)
c)’b'
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8.5.2.  Exercise 2: Calling the "PID_Compact" block in the cyclic interrupt
"Cyclic Interrupt”

My_Project » PLC_2 [CPU 1211C DGZDTDC] » Program blocks » Cyclic interrupt [OB200]
Wi e B ERERD8: QW €GB8 1 & T N
[ A ;; J'_'
» Block title:
:"'-.T!-.[TE;-:-:H:--: Assign previously
' epp_RC" created technology object
----- T .
FID_Carpact B| w
EN ENO
10.0 —|Setpoint Output |
0o Input Cutput_PER|
TlEd WQ0.2
"Iw_Voltage_C" —|Input_PER Qutput_Fifh =t "Q_Fmz2"
State |
Error—...
- ErrorBits |

Task
Create "Cyclic Interrupt"”, call the block “PID_Compact” and assign the previously created
technology object "PID_RC" to it.
What to do
1. Create the cyclic interrupt OB "Cyclic Interrupt”. Cycle time 250ms.
F’g"‘;?:" In order to be able to react faster to disturbances, the sampling time of the closed-loop
e 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. Inthis OB, 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
F Narme y -
Sim?eB Humber IEMWW_nmpact_‘\ I
meenee Autdratic
[ QK Cancel
4. Assign the block as shown in the picture
— Voltage_RC (IW64) is the analog input 0 (0-10V) on the CPU.
- PWM_AO02 (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.
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8.5.3. Exercise 3: Commissioning the PID controller

Measurement Tuning mode
Sampling time: 0.3 s'. Stop | [Pretun'rng [—v!rp/;,‘mn I
00N ¢RIRR TQRQATA =: H I [EFHEF &
PID_RC

1404 "] Setpaint |
1204 W Scaledinput
- T G | ~— [l OQutput

)

<] 1 >
<4t Name Datat. Addre.. Color  Secaling group Min. ¥ scale Mai. ¥ scale Unit Comment
1 < Setpoint Real g';' " 0 15
2 <@ <i  Scaledinput Resl | 0 15
3 @ <@ Output Resl = 0 100

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 - PID_RC - Commissioning

2. Start the measurement

Measurement
~ooooood A oo

sarnpling tirne: [ v

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

Tuning mode

SuEEsssssmmnn

=

|Pretuning |v

4. Monitor the progress of the tuning

Tuning status

HONEOREER
Frogress: &

Status: |Pretuning in progress. | 0

TIA-MICRO?2 - Technology Objects
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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:

i Status: | Systern tuned.

.
NN SN NN NN NN RN NN NN NN EEEENEEEEEEEEEEEEEEEEEEEEEEEEEEE

PID Parameters

ol | !

Upload FID parameters :

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.

emn
o* .,

[T setpoint
M Scaledinput
M output

[>]

[¢]

.
[«] %er o i enns’ [2]
T
LN s u,
== 2 ry =2
<F Name Data type Address Color | Scaling group *Min ¥ scaly o Wax ¥ sodle Unit Comment
1 @ = Setpaint Real B 5 . .'
2 @ = Scaledinput Real = x 513 n
. .
S 4@ < Outpue Real [ ] %10 CCRAL y
f = *s = *s 3
tans® ans®

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

O 2[4 Enable manual entry

Froportional gain:

Integral action titne
Derivative action tirme
Derivative delay coefficient:
Proportional action weighting
Derivative action weighting

Sampling time of FID algarithm

Tuning rule

|53.25915 @ =

parss 0t
[oamesie +0 %
ST
[asmoerer 0
SR T
[osmeeez 0%

Controller structure: 0 b4

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 —

oo |
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.

TIA-MICRO?2 - Technology Objects
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8.6.1. Principle of axis control

> > )

User prograrm Technological object - FTQ (Pulse Train Cirive
axis Qutput)

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.

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.

Drive
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

|5'? Topology view

ORI (I} Devicevi

QO

¥ ] My_Project
EF Add new device
& Devices & netwarks
» [ FLC_1 [CRU 1274 DGDEDEC]
= =% P2 LB 212000000 - -

@+ [PLcz

I]? Device configuration

=== =% Bl & M meTics = == =
+ g Frogram blocks
B Add new block
2 Cyclicinterrupt [OB200]
4 Main [CB1]
48 FC_Reveive [FC31]
@ DE_RECEIVE [DES]
» o Systern blocks
* [3 Technology objects
B Add new object
= L] PID_RC [DB200]
& Configuration
I commissioning

External source files

':g FLC tags

[ PLC data types

- v -

<] il ]

i

103

Rack_0

[=] G g ::E:: QV—

PTO outputs are configured

102 101 1

SITMERE

in the Properties of the
respective CPU

w FTOT/PMT

5]

[ = " 7 General T

[~ Pulse generators (FTOIFM

<] ] [>][100% [ —%— #
u |§, Properties ||"_i.'.lnfo y"ﬂ Diagnostics |

J General || 10 tags ” System constants || Texts |
b General A~ TR ﬂ
b PROFIMET interface [%1] =
b DIGDQ S ¢ G
b oAl2 R I
» High speed counters (H5C) Enable

1
1
1
[ Enable this pulse generatar ]
1

Configuring a PTO (output)

8-26

PTOs are activated via the device configuration of the respective CPU. In the properties window
"Pulse generators", the respective pulse generator must first be activated.

TIA-MICRO?2 - Technology Objects
Training Document V16.00.00




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

SIMATIC S7-1200 Advanced Course

8.6.3. Configuring a PTO output (2)

J General || 10 tags

|| System constants || Texts |

General

PROFIMET interdface [%1]

Dl 600 4

Al 2

High speed counters (H3C)

dvvw v~

* PTOTIFWM1
General
Parameter assign...
Hardware outputs
Hardware identifier

b FTO2iPW2

b FTOSIPWM3

b FTOAIPM

Startup

Cycle

Ea

»  Parameter assignment

Pulse options

Pulse gemerators (FTO/PIM) Signal type:

4

»  Hardwvare outputs

No further parameters,
since always controlled

3

Pulse output:

Display of the outputs
used for pulses and
direction and the high-
speed counter

- via "Axis"
FTC {pulse A_an_d direction E)
_.J_PCI___-‘57 )
indredit
ertimer 100 tms
{uration: |_5_D Hundredths
%30.0 v..| 100 kHz on-board output
[ Enable direction output
%001 .| 100 kHz on-board output

Direction output:

COTMTGUFETTOTT GO

CrmnErH A FE S ALECE S

w . P>

b

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 must 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 (AB

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(AB

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

> ] My_Project
K Add new device
i Devices & networks
» [ PLC_1[CPU 1214C DGDGDC]
w [ PLC_2 [CPU 1211C DGDGDC]
[l'f Device configuration

& |

([
fi

% Online & diagnostics

= [ Frogram blocks
B Add new block
& Cyclic interrupt [OB200]
4 Main [OB1] r
48 FC_PReveive [FC31]

@ DE_RECEIVE [DBS]

-2 Rpmmbess &, SIMATC dert
1 v [ Technology objects 1
- & Add new object ] <

SEE R AT T T T D
» External source files
» [ FLCtags
» [ PLC data types
» [z watch and force tables

= [7] Motion Control V6.0

Motion contral g : g

i j I
Project tree m 4 Add new object %
Devices Name:
a2 O 0 == |Tumtab|e |
name version | Tpe: &

el - S PR LT ]

! & 70 _FositioningAxs V6D U O menual
]
e o] ) (®) Automatic
4 TO_CommandTable V6.0

Description:

The *Fositioning axis™ (TO_PositioningAxs)
technology object maps a physical drive in

U can issue positioning commands to the
ve by means of the user program with
‘open motion control instructions.

[<] i ]

> | Additional information

» rj;, Online backups

<] I |

[+ Add new and open

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, "Motion" is selected and then the object "TO_PositioningAxis".

With a click on "OK", the configuration wizard of the axis is started.

8-28

TIA-MICRO?2 - Technology Objects
Training Document V16.00.00



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

SIMATIC S7-1200 Advanced Course

8.7.1. Properties of "Axis": Configuration

f_,_ Turntable [DE40D]
& Configuration e Confi_gure_ltion: . &
1 . Specify signals, limits, limit
ﬁ Commissianing ; :
switches, reference point

%] Diagnostics

& Turntable [DE40]

da Configuration Commissioning:
Ui commissioning — | Control axis in manual mode
Y Diagnostics

= Turntable [DE40O] : :
Diagnostics:

Configuration
ii e g. . o —> Display current position of
Lh Commissigning axis, evaluate signals

% Diagnostics

Properties of "Axis"

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

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

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

Diagnostic
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.
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8.7.1.1. Configuring an "Axis" (1) - Basic parameters / general

Iv Basic parameters

: General General

IO
 Extended parameters
Mechanics

Fosition limits

Technology object - Axis

Axis name: |Turnta ble

* Dynamics
General
Emergency stop

* Homing

> g

User program Technology object - FTO (Pulse Train Output) Drive
Auds

Active

LRI X I

Passive

Drive connection

DTIVE

@ PTO (Pulse Train Output}
O Analog drive connection

() PROFIdrive

Unit of measurement

B Position unit: & mm vy

Select unit of measurement

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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8.7.1.2.

Configuring an "Axis" (2) - Drive

~ Basic parameters
l.ﬁenE.raJ. mmm
[} ]
hd E;te-nd-ea Ea?a;‘le-te-rs
Mechanics
Position limits
* Dynamics
General
Emergency stop
* Homing
Active

3333300

Passive

Drive
Drive
——
Fower
FLC
FTO signal : : : :
Enable
Ready

Hardware interface

Motor

Device configuration

Select pulse generator

Pulse generat: T
gnal type: ‘ FTO (pulse A and direction B) |'|
Pulse output: ‘Turm:a ble_Pulse ‘EJ | %*Q0.0 | - | 100 kHz on-board output
[ Activate direction output
Direction output: ‘Turm:a ble_Direction ‘QJ | %Q0.1 | - | 100 kHz on-board output
Enable and feedback of the drive
CPU Drive
Enable output:
| |§J | | Drive enable
Readyinput:
| TRUE |§J | | Drive ready

Basic Parameters — Drive

The properties of the "positioning axis" are subdivided into the basic and extended parameters.

The hardware interface is set in the basic parameters.
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8.7.1.3.  Configuring an "Axis" (3) — Mechanics

¥ Basic parameters

General Mechanics

Drive
v Extended parameters
Fosition limits
¥ Dynamics
General
Emergency stop

¥ Homing

Active

33330330300

Passive

Pulses per motor revolution: |16l30

: Load movement per motor revolution: |360.D = |

e EE . S—— -
Permitted direction of rotation: | Both directions Tv

[7] Invert 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
5V /24 V level = positive direction

0 V level = positive direction
5V /24 V level = negative direction

8-32
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8.7.1.4. Configuring an "Axis" (4) — Positioning limits

* Basic parameters
Position limits

General

Drive

¥ BEaended parameters (/] ! Hardware and software limit switches |
Meanls , @ . [] Enable Hy limit switches .
Fosition limits; (/] ' P 3
~ Dynarnics O 1. LDiRe st imesatehes .. s
General o Input love HW lirmit switch: Input high H# limit switch:
Ermergency stop 0 g] U ]
Hami 4
- omm.g /] Select level: Select level:
Active Q 4 o N
Passive o Low lewvel f7\) hd Loy |ewvel -
- +
T Y Y""""YT 3
: Position of low SW limit switch: Position of high SW limit switch: »
1
1
s |-10000.0 mrmn 10000.0 trim :

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

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
NS

the low software limit switch.

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

Configuring an "Axis" (5)- Dynamics/General

= Basic parameters
> General

General

Drive
= Extended parameters

Mechanics
L same.
Position limits

~ Dynamics

General

Velocity
Emergency stop

* Homing

Active

33330303000

Fassive

Note: Changes in the velocity limits affect acceleration and
deceleration; the ramp-up time and ramp-down time stay the

Unit of velocity limits:

Maximum velocity:

]
@

00.0 i
200.0 =is

Startistop velocity:

w1 20.0 =ls
N 200 cls
>
Acceleration /'deceleration

Acceleration:

360.0 is2
>
> .

Deceleration:

360.0 =js2

Ramp-up time:

0.5 s |

05 5|

Ramp-down time:*

Dynamics / General

8-34

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

Velocity

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

Acceleration

The desired acceleration values can be specified either directly via the fields "Acceleration"
and "Deceleration” or indirectly via the specification of acceleration or deceleration time.

Jerk limit

The "Enable jerk limit" option can be used to set a non-abrupt acceleration or deceleration of

the axis
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8.7.1.6.

Configuring an "Axis" (6) — Dynamics/Emergency stop

~ Basic parameters
General
Drive
¥ Extended parameters
Mechanics
Position limits
* Dynamics
General
= Homing
Active
Passive

033333330000

Emergency stop

Velocity

A

h

Maximum velocity:

{200.0 s |
[z00.0 s |

Start/stop velocity:

{200 “Is |

[200 =I5 |

Deceleration

v

v

Emergency deceleration:

Emergency stop ramp-down time:

{7200 °ls? |

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.

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) - Homing

~ Basic parameters (]
General &’ Active
Drive o
~ Extended parsmeters o
Mechanics o Digital input homing switch Approach/homing direction:
Fosition limits ] Input homing switch: (@) Positive direction
 Dynamics
i 4 Turntable_Homing switch E|| |%10.0 () Negative direction
General [}
Emergency stop 0 Select level:
~ Homin High level Bl
g 2 Side of homing switch:
Passive o () Top side
(#) Bottom side

[] Permit auto reverse at HWlimit switch

Approach velocity:

Homing velocity:

400 °ls

== Approaching homing switch

== Homing a:s

Home position offset: | 0.0
== 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:

8-36

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.

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".

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]
S Configuration e Confi_gura_ltion: o o
1 L Specify signals, limits, limit
It Comtrissianing : :
. switches, referencepoint

Y Diagnostics

:'E.,_ Turntable [DE40D]

&a Configuration Commissioning:
Ui commissioning  ———»[Control axis in manual mode
4] Diagnostics

= Turntable [DE40O]
Diagnostics:

Configuration
ii e g. . N —> Display current position of
Ll Commissianing axis, evaluate signals

% Diagnostics

Properties of "Axis"

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

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

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

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.
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8.7.3.

Activating the commissioning panel

Devices

—a
=

> | ] MA_MICRO2
‘b' Add new device
ﬁgn Devices & networks
» [ PLC_1 [CPU 1214C DO/DC/DC]
~ [ PLC_2 [CPU 1211C DC/DC/DC]
u'f Device configuration
B Online & diagnostics
= r;i:. Program blocks
‘b'r\dd new block
4 Main [OB1]

48 OB_Cyclic_Interrupt [OB...

48 FC_Receive [FC1]
48 FE_Turntable [FE40]
@ DB_Receive [DB1]
@ FB_Turntable_DB [DB&]
» g System blocks
v r\_* Technology objects
ﬁf\dd new object

emme ot bllPDRCIDRAL L

hd I‘E'L Turntable [DB5]
& Configuration

lﬁ Commissioning

ﬁ Diagnostics

== = F B BdErnaT soutce RSt

4e

o0 o

e o

[ " = .
Master controly af? Activate :‘;] Deactivate Axis o Enable 9 Disable
CEE I
Aods contral panel

rol.pane

. g =
Activate master control (1400:000230)

Do you want to use the master control to control the axis
Turntable?

Use of the master contral can be dangerous for persans and machines.

This function is only suitable for commissioning, diagnostics and test
purposes. The function may only be used by authorized personnel.

You can control the axis with the control panel as long as the control panel
has master control.

You can only control the axis manuallyifthere is a connection ta your
programming device/PC. The connection is monitored cyclically. If no sign of
life is received from the programming device/PC during the monitoring
time, master control is relinquished for securityreasons.

]

i d o

the application. Use a low time to

Observe safety note! Incorrect
axis configuration or incorrect

operation in manual mode may [ ™
lead to injuries to people and
damages to machine!
: |
p Yes

Commissioning panel

8-38

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)

Enable axis for manual control

|:| Axis error
|:| Drive error

| Caonfirm

Information about
currentaxis status

25604.97 mim

0.0 s

Axis control panel
Master contral: :
|‘fp Activate | I“j Deactivate 1& Enable €3 Disable :
mEEEEEEEEEEEEEEEsEEEsEEEEEEEEEEEEEE,
+ Command i 1 Axis status
na
: @ log : : |:| Enabled
n . . .
@) il Select the action + 4 [ Homed
. n
' () Homing ' [H] ready
n .
' Jog - Info rmessage:
. Welocity: | 7031.25 mimnfs : : Axis 05 at standstill
D [ I )
: na
| I )
v Acceleration / deceleration: 1350.0 mmis? e
1 | I )
' Enable jerk limit () B
] Jerk: 4192.0 mimfs? .
' + » Current values
O n .
| Backward | £ Forward i Pasition:
| ] EpE .
1 | Stop |: : Welocity:
l- - EEEEEEEEEEEEEEEEEEEEEEEEEE NN NN R
Errar message:
o] 9

Using the commissioning panel

If the axis is to change to manual control, the execution of the MC-Power command in the user

program must 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]
S Configuration e Confi_gura_ltion: o o
1 L Specify signals, limits, limit
It Comtrissianing : :
. switches, reference point

Y Diagnostics

& Turntable [DE40]

da Configuration Commissioning:
Uit commissioning —|Control axis in manual mode
Y Diagnostics

# Turntable [DB40]
. . Diagnostics:

Sa Configuration
A —> Display current position of

It commissioning . .
— g axis, evaluate signals
ﬂ Diagnostics

Properties of "Axis"

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

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

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

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 diagnost

ics (1)

Devices

50O

» [l PLC_1 [CPU 1274C DGDEDC]
~ (i PLC_2 [CPU 1211C DEDEDC]
Y Device configuration
| Online & diagnostics

= [:g Frogram blocks
B 4dd new block
4 Cyclicinterrupt [0B200]
4 Main [0B1]
4 FC_Reveive [FC31]
@ DB_RECEIE [DBS]
¥ o System blocks
= [ Technology objects
EF Add new object
L m o om tebd BRAC[PEANOL o a2
- :ﬁ Turntable [DB40]
& Configuration

U commissioning

Motion status
Dynarmics settings

.| Diagnostics

== -)-?Qixtemaﬁsuumeﬁe; ===
» [g FLCtags
» [ PLC data types
b [ Watch and force tables
» [ Online backups

e
b 5 Traces

Status and error hits

Axis |Turntah|e

Status messages
Axis [B] Enabled

Izl Hormed
|:| Axis error
Control panel active

Restart required

Drive Ready
A 9. I Drive errar
O # Motion Standstill
" [
[} " Acceleration
n "
1 L Constant velocity
i n
== Deceleration
] Type of motion Pasitioning

Move at predefined velocity

Homing active

EE EEEEE

Cormmand table active

» [ Device proxy data
Em Frogram info
£l Textlists

Complete overview of status
and error bits

Limit switch status messages

[ Law 59 limit switch has been approached
I:l High 5w lirnit switch has been approached
|:| Lowe HWd limit switch has been approached
[ High Hw limit switch has been approached

Error messages

5w limit switch has been approached
HW limit switch has been approached
Inwvalid direction of movement

FTO already in use

Configuration error

EEEEEH

Internal errar

Q

=

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

 Diagnhostics )
Maotion status

p = S0 andeaqr bits
L} Mot 5 [}
YnaAmits SEthings Current position: Target position:
L 125178.0 mm 126542.1 mim
I Current velocity: Remaining travel distance:
: 2931.25 mrnfs 1364.063 T

* Diaghostics
Dynarmics settings

Status and error bits
RN Tk T -

Acceleration: Ernergency deceleration:
13500.0 rm/fse 7500.0 rnrnise
Decelerstion: lerk:

Tl T

Display of the dynamics
parameters

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.

¢ In the dynamics settings, you can read out the configured values for acceleration,
deceleration and emergency deceleration.

(=~ Allvalues are available as read-only.
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8.7.5.

Blocks for axis control

Call in the cyclic program

HOBE3
"MC_
M oweRelative_
DE"

> | Favorites

> |Basi|: instructions

> |Extended instructions

\J\Eachnulngy

Ma
N g
» [ R rol

* [ Mnt\ \jntrol

WO B0
"Turntable"

0.a
10.0

fal5e m—

EM

Axis

Execute

MAC_MoveRelative @

EMO
Daone

Error

Distance

elocity

+ [ S7r=00 Motion_Contral

RS et .

3 MC_Fower

3 MC_Feset

2 MC_Home

& MC_Hake

2 WC_Movesbsolute
B WC_MoveRelative
B MC_Movelvelocity
2 MC_Movelog

W MC_CommandTable
3 MC_ChangeDynarmic
W M WriteFaram

3 MC_ReadParam

Motion control instructions

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_Moveldog

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

_='l/“ CPU with activated PTO pulse output

Control unit

(Stepper) Motor

Channel 2: Direction

—_— T NN

control

Principle of

LI
Channel 1: Pulses

Turntable

Application
example

Task description

Scenario

8-44

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.

@ The vertical movement was not programmed.

TIA-MICRO?2 - Technology Objects
Training Document V16.00.00



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

SIMATIC S7-1200 Advanced Course

8.8.1. Exercise 4: Activating (enabling) PTO 1 of the CPU

1 |_QPrnperties ""_i.'.lnfn ||ﬂ Diagnostics |

General

FTOTPWIT

[w]>]

FROFINET interface [x1]

DI BIDG 4

Al 2

High speed counters (H3C) Enable
-'-Pn\ge-g;n;r;to-rs-(P-T&PTl\l’l\])- -: P

[ BT 1 ] 1 EEnab\E this pulse generator :
--.-FTOQJ’W\M?--------.

b PTOI/PYM3 Project information

b FTOAPNA

Startup Mamme: |Fulse_1

> General

M
] General ]T 10 tags " System constants ” Texts
\ —
r
3
b
3

Cycle Comment: Y
Cormmunication load

"
System and clock mermory [
b Web server 3 "
Userinterface languages I
Tirne of day g
Protection > Parameter assignment
Configuration control Pulse options
Connection resources mEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]
Owverview of addresses :Signal type: | FTO {pulse 4 and direction B) |V| :
bR (IS mands o e
Fulse duration format: | Hundredths |V|
Cyole tirme: |1DD ms |?|
Initial pulse duration: [50 Hundredths | = |

Task

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: C

reating and configuring the technology object "Axis"

¥ ] My _Project
ﬁ Add new device
i Devices & netwarks
» [ PLC_1 [CPU 1274C DGO GCDE]
= [ PLC_2 [CPU 1211C DEDGDC]
n'f Device configuration
W online & diagnaostics
- ';5. Frogram blocks
¢ Add new block
4 Cyclic interrupt [OB200]
48 Main [CB1]
48 FC_Reveive [FC31]
|§ DE_RECEIE [DEBE]
b 5 System blocks
FEssssEEEEEEEE ==

M = iﬂ Technology objects

Project tree m 4 Add new object 5
Devices Name:
‘ Turntable ‘
5 QO

- == mmm
: Name Version Type: % [70_PositioningAsis
~ [7] Motion Control V6.0
Al 'ﬁ' O L b [ T3
| — Al
: 4 TO_FositioningAxs V6.0 O manual
Moti trol — A —
Al g i e e e e @® Automatic
= — 4 TO_CommandTable V6O n
B } msmmsmmssss=s==== = Description:
L_/ The "Positioning axs” (TO_PositioningAds )

technology object maps a physical drive in
the controller.

You can issue positioning commands to the
drive by means of the user program with
PLCopen mation control instructions.

FID

-

SIMATIC Ident

- &7 Add new object

Wit vl v o)1) il
External source files

hﬁ FLCtags

Tﬂ PLC data types

|2 watch and force tables
[& online backups

<] [ [

- v v vy

<] i

> | Additional information

(] Add new and open ok | | 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> Te

chnology objects - Add new object - Motion Control = TO_PositioningAxis;

Name: Turntable

2.  Implementt

* Basic parameters

w Extended parameters
Mechanics
Position limits

* Dynamics
General
Emergency stop
¥ Homing
Active

GAIAIIIIODBOD

T T

Passive

8-46

General

he settings shown in the following:

Technology object - Axis

Az name: |Turntab|e

‘ > )

User prograrm Technology object - FTO (Fulse Train Cutput) Dtive

s
Drive

@ PTC (Fulse Train Qutput)
() Analog drive connection

(") FROFIdrive

Unit of measurement

Position unit: | ° |V|
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= Basic parameters
General

w Extended pararneters
Mecharnics
Position limits

* Dynarnics
General
Emergency stop
* Homing
Active

Passive

= Basic parameters
General
Drive

w Extended pararneters

Position limits
* Dynarnics
General
Emergency stop
= Homing
Active
Passive

L T I T T T T T )

L L T T T T T T T I

Diriwe

Pawer

FLC

FTO signal

Enable

Ready

Hardware interface

hotar

Select pulse generator: | Pulse_1

|Y|| Device configuration

Signal type: | FTO (pulse & and direction B)

[~]

Pulse output: |Turntab|e_Pu|se |§J |%QU.D |v| 100 kHz on-board output
[ Activate direction output
Direction output: |Turntab|e_Directi0n |§| |%QD.‘1 |Y| 100 kHz on-board output
Enable and feedback of the drive
CPU Drive
Select enable output:
| |§| | | Drive enable
Select ready input:
| TRUE = | Drive ready
Mechanics
Pulses per motor revolution: |1600 |
Load moverment per motor revolution: |360.D "
Permitted direction of rotation: | Both directions |v|

[ 1rvere direction signal

TIA-MICRO?2 - Technology Objects
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w Basic parameters

General

Drive

w Extended parameters

-

-

Mechanics
Position limits

Dyharmics

Emergency stop
Haoming

Active

Passive

w Easic pararmeters

General
Drive

v Extended parameters

-

-

8-48

Mechanics
Fosition lirmits

Cynamics

General

Haming
Active
Passive

IO

03300033000

s BEEr |

I |

3

3

General

Mote: Changes in the velocity limits affect acceleration and
deceleration; the rarmp-up tirme and rarmp-downh time stay the

sarme.
Unit of velocity limits:
‘elocity ¥s [~]
A . -
Waxirnurm velocity:
200.0 s |
[200.0 s |
Startfstop velocit:
----------------- 1200 s |
20.0 =5
>t | |
Acoceleration [ deceleration
Acceleration:
{360.0 o2
>t .
Deceleration:
[360.0 52 |
Rarnp-up tirme: Rarmp-down time:
["] Enable jerk limit
Smoothing time: Jerk:

Mote: By enabling the jerk limit, the total time for acceleration and deceleration of the axis is increased.

Ernergency stop

Yelocity

4+ Maxirnurm velocity:
{200.0 s |
[200.0 s |

Startistop velocity:

{20.0 s |

>t [z0.0 s |

Decelaration

4
t

Emergency deceleration:

{720.0 52

0.25 5

Emergency stop ramp-dowh tirme:
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= Basic parameters (] )
General & > Active
Drive ()
= Extended parameters Q
Mechanics (/) Digital input homing switch Approach/homing direction:
Position limits g Input homing switch: (®) Positive direction
* Dyhamics . N
Turntable_HormingSwitch | &l | 2%I0.0 Negative direction
pm— & I _Homingswitch || | O Neg
Emergency stop (/] Select level:
~ Homing (/] High lewel - . . .
& | g | | Side of homing switch:
Passive & () Top side
[ Permit autn reverse at Hw limit switch (® Boromn side
Y
W
Approach wvelocity:
s |
"5 |
4
*
= Approaching homing switch
= Hatning axis
Home position offset: |U.D .
== Travel to home position
Home position: |"MC_Hame".Position |

3. The settings "Enable and feedback of the drive", "Position limits" as well as "Homing Passive"

remain unchanged.

4. Save your project.

TIA-MICRO?2 - Technology Objects
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8.8.3.  Exercise 6: Commissioning "FB_Turntable"

W

EN_A _T_

Enable Axis |

Approach reference point (home) |

Wait time 1 (2 sec.) |

Approach Position 1 (slow) |

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. |

Pos.
(315°

2
)

) Legend

Turns clockwise

Pos. 1 (90°) __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
2. Call"FB_Turntable" in OB1
3. Connect the input "EN_A" with the bit memory "M_Start_Axis" (M40.0)
4. Save your project and transfer both the hardware and the software to PLC_2
5. Monitor the call of "FB_Turntable" in OB1 and control the bit memory "M_Start_Axis" as
shown in the following
ooh *DES
> "FB_Tutntable_DE"
HFE4D
"FE_Turntahle"
EM ENC .
TRUE
HhhA40.0
@ Modify to 0 Ctrl+F3
Define tag... Ctrl+Shift+1 -
Renamme tag... CtrlaShittsT Modify operand .. Ctrl+Shift+2
Rewire tag... Ctrl+Shife+F Dizplay format 3
M ocut Ctrl+x Monitar from here
_ig Copy Ctrl+C Monitor selection
:3 Paste Crrl+
TIA-MICRO?2 - Technology Objects
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Result
The axis first 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.

Exercise 7: Starting the axis and monitoring the statuses with the
diagnostic panel

500

> ] My_Project
ﬁAdd new device
j}J Devices & networks
» [ PLC_1 [CPU 1214¢ DOYDDC]
~ (i PLC 2 [CPU 1211C DEDGDC]
Y Device configuration
%/ online & diagnosties
b [ Program blocks
= [ Technology objects
B¢ Add new object
» 12| FiD_RC [DE200]
~ % Turntable [DB40]
& Configuration
= === m e Mfunmisisnege = =

3 i Diagnostics

= bl Bl momre e = = =
» [g PLCtags
» [lig PLC data types

-

Watch and force tables

B Add new watch table
Fzl Force table

» [ig online backups
| Traces

Device proxy data
8 Program info
Text lists

Ll Local modules
- ]_—_| HMI_1 [KTPEOD Basic color PM]
Y Device configuration
B Online & diaghostics
1 Rurtime semings
» ]j Screens

v i@ Srvmen mananement

Status and error bits
Motion status

Dynamics settings

Status and error hits

dos | Tumntable

Status messages

Limit switch status messages

#xis M Enabled [E] Low 50 lirmit switch has been approached
M Homed [E High sw limit switch has been approached
[ s erar @ Low Hw limit switch has been approached
O control panel active [ High M limit switch has been approached
O restort required
Drive [ Ready Error messages
D Drive error |:| SW lirnit switch has been approached
mation [ Seandstill [ Hue lirnit switch has been approached
D Acceleration [E i1nvalid direction of movement
[ constant velocity [E] P1o alreadyin use
El Deceleration [E] configuration error
Type of motion  [B] Pasitioning |:| Internal errar
[ Move at predefined velocity OK
[0 Homing active
@] command table active
Mation status
Current position Target position
Current position: | 315.0 =/ Target position: 315.0 -
Currentvelocity: | 25.5544 %s| Remaining travel distance: |1.502037E-5 "
Dynarmics settings
Acceleration: Emergency deceleration:
Acceleration: | 360.0 o5t Ermergency deceleration: | 720.0 o5t
Deceleration: | 360.0 st Jerk: 0.0 oI5t

Task

8-52

Monitor the current status of the axis and track the motion sequences via the diagnostic panel.
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9.

Troubleshooting

9.1. Objectives
At the end of the chapter the participant will ...
be able to classify errors that occur into the error categories "Errors
detected by the system" and "Functional errors"
be able to read out the diagnostics buffer, interpret it and use it for
troubleshooting
be able to read out the hardware diagnostics
be able to apply the "Monitor/Modify Variables" test function
be able to interpret the displays of the "Monitor" test function in the
LAD/FBD Editor and use them for troubleshooting
be able to read out the reference data, interpret it and use it for
troubleshooting
understand the "Enable peripheral outputs" and "Force" functions
become familiar with the Trace function
Objectives
In this chapter, the tools for troubleshooting are presented. Tools for functional errors as well as
tools for errors which the system itself detects are dealt with.
TIA-MICRO?2 - Troubleshooting
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9.2. Categories of errors

Errors Detected by the System = | I
» Acquiring, evaluating and indicating - i
errors withina PLC [ [
* Module failure HiliE= l: =
 Short-circuit in signal cables HHH i !@-i
» Scan time overrun e —

* Programming error (accessing a
non-existent block)

Functional Errors
 Desired function is either not executed at all
or is not correctly executed
» Process fault (sensor/actuator, cable defective)

 Logical programming error (not detected = Lo
during creation and commissioning) , i 5

Monitoring functions

Diagnosis is important in the operating phase of a system or machine. Diagnosis usually occurs
when a problem (disturbance) leads to standstill or to the incorrect functioning of the system or
machine. Due to the costs associated with downtimes or faulty functions, the associated cause of
the disturbance must be found quickly and then eliminated.

Categories of errors

Errors that occur can be divided into two categories, depending on whether they are detected by
the PLC:

e Errors that are detected by the PLC’s operating system.

e Functional errors, that is, the CPU executes the program as usual, but the desired function is
either not executed at all or it is executed incorrectly. The search for these types of errors is
much more difficult, since the cause of the error is initially hard to determine.

Possible causes could be:

— Alogical programming error (software error) that was not detected during creation and
commissioning of the user program and probably occurs only on extremely rare occasions

— A process fault that was triggered by the faulty functioning of components directly
associated with the process control, such as cables to sensors/actuators or by a defect in
the sensor/actuator itself

TIA-MICRO?2 - Troubleshooting
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9.3. STEP7 - Test functions, overview

Errors Detected by the System Functional Errors
General rule: CPU in Run General rule: CPU in RUN

« Asynchronous error (w/o OB82, 83, 86): RUN )
* Process fault (e.g. wire break)

« Logical programming error
(e.g. double assignment)

* Monitor and Modify Variables
— Watch and Force tables

» Monitor Blocks (Block Status)
— Monitor in the Blocks editor
- with call environment

* Online & Diagnostics
- Diagnostics buffer,

» Task Card "Testing"
- Call hierarchy / Block stack

- Local data stack (in planning stage)
* Tools

- Cross references
- Assignment list (I/Q/M/TIC)

» Diagnose Modules
- Diagnostic status (all modules)

e "Trace" analyzer function
* Program/Block comparison

Test Functions

There are various STEP 7 test functions for troubleshooting, depending on the type of error
caused:

e For errors that are detected by the system, the test functions diagnostics buffer and hardware
diagnostics give detailed information on the cause of the error and the location of the
interruption. By programming error OBs, information on the error that occurred can be
evaluated by program and the transition of the CPU into the STOP state can be prevented. If
the CPU has stopped, the use of the test functions monitor / modify variable and monitor
blocks makes little sense since the CPU neither reads nor outputs process images while in
the STOP state, and no longer executes the program.

e Vice versa, it makes little sense, as a rule, to use test functions such as module information
when the CPU is in RUN. The Module Information test function merely provides general
information on the CPU's operating status or on errors that occurred in the past. Functional
errors can be diagnosed as follows:

— Process fault (such as, wiring error)
Wiring test of the inputs: Monitor variable
Wiring test of the outputs: Enable peripheral outputs (only for CPU STOP) (in planning)

— Logical programming error (such as, double assignment)
All test functions listed, except for Enable peripheral outputs, can be used for searching for
logical program errors

— Force
Forced control of operands regardless of the program logic

TIA-MICRO2 - Troubleshooting
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9.4. System Diagnostics — Overview

CPU diagnostics detects
a system error

CPU diagnostics detects
errors in the user program

CPU

I/O module

Diagnostic
interrupt

Error Diagnostics
OB buffer

_______

Diagnostics-
capable module
detects an
error and
generates a
diagnostic
interrupt

v

System diagnostics

All those monitoring functions that deal with the correct functioning of the components of an
automation system are grouped together under system diagnostics. All S7-CPUs have an

intelligent diagnostics system. The acquisition of diagnostic data by the system diagnostics does

not have to be programmed. It is integrated in the operating system of the CPU and in other
diagnostics-capable modules and runs automatically. The CPU (temporarily) stores errors that
occur in the diagnostics buffer and thus enables a fast and targeted error diagnosis by service

personnel, even for sporadically occurring errors.

System reaction

The operating system takes the following actions when it detects an error or a STOP event, such
as an operating mode change (RUN - STOP):

e A message on the cause and the effect of the occurring error is entered in the diagnostics
buffer, complete with the date and time. The diagnostics buffer is a FIFO (circular) buffer on
the CPU module for storing error events. In the FIFO buffer structure, the most recently
entered message overwrites the oldest diagnostics buffer entry. A CPU memory reset
CANNOT delete the diagnostics buffer, only a “Reset to factory settings”. The diagnostics
buffer can be read out using the programming device or the panel.

e The Error OB associated with this error is called. This gives the user the opportunity of

carrying out his own error handling.

TIA-MICRO?2 - Troubleshooting
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9.5.

Online & Diagnostics — Functions

Devices ‘|| Online & diagnostics |
H I
il Online access ~
KoeQ - General E
w Diagnostics =
* ] My _Project 1~ | Module
K Add new devic . Diegnostic S:t;: Short defignatin: { CPU 1214C DCIDCIDC |
. H Diagnostics buffer
by Devices &nsvorks B T Article number: [6ES7 214-1AG400XB0 |
~ [ pLc_1 [ E ycle time
— H Hardware: |0
...-.I]-T-Be\n(acanﬁgurap_ag . H LsEney rdware: | |
k) ﬂ online &diagnosncs_:: ul ~ PROFINETinterface [x1] Firmware |V4.0_0 |
# ';:.'F"rﬁg'r'a'rrTEfu':l;- E 1) gE 4 Et}:[emet address
Ei Add newblock & : o fack. [0
. =
B DB_Cycle [OB1] | {7 Functions
& FC_Combotor [ () Assign IP address Slor: (1
& FC_count[FC18] = @ S
" Firmware update
FC_Fault [FC17 i . .
ol o ! It ® PAssign name « Module information
& FCindicate [FC14k @ L] [
E Reset to factory settings b
4 FC_Mode [FC15] ! [ . = [PLc1 |
» g System blocks [*) u
b [ Technology cbjects 2 | |
3 External source files E ocation ID | |
I -
} L FLCtags - @ k Installation date: |Tue;day, 15 . Decernber 2015 12:38 |V|
- .
¥ | PLC dat H '
I:H ats fpes . o Additional information: | |
b [ Watch and force tabl B
.
e . H
¥ L& Online backups o] H - .
r{" t . = Manufacturer information
b Zg Traces g .
= . 4 . -
¥ Lij: D T - . .
_4:',’ vice proxydata - : Manufacture ription |5\EMEN5 AG |
385 Program info H .'
N T
E Texlists - [sc-E4s227500 |
» [ Local modules Bl [ 1620000
e
» [ HML1 [KTP6OO Basic .. *° I [1620001
v [l e dat
[l [T LB

Status display

After the online connection was successfully established, the user interface changes as follows:

e The title bar of the active window gets an orange colored background

e The title bars of the inactive windows of the associated station get an orange colored line at
the lower edge

e In the project tree, operating state or diagnostic symbols are displayed for the objects of the
associated station

¢ In the inspector window, the area "Diagnostics > Device Information" is brought to the

foreground

Symbol

Meaning

L

Folder contains objects whose online and offline versions are different

@

Comparison result is unknown

Online and offline versions of the object are identical

L

Online and offline versions of the object are different

4

Object only exists offline

Ch

Object only exists online
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9.5.1. Diagnostics: Diagnostics buffer

Online access . .
Diagnostics buffer

* Diagnostics

General Events
Djagrestic-statys
o0 - .0‘
',.P.lagnostlcs buff‘e‘r‘, @ Display CPU Time Stamps in PGIPC local time
Cytte time==""" .
No. Dateand time Event
Mermory = - =
b PROFINETinterface [X1] 1 11102012 1:36:03.730 ... . Follow-on operating mode change - CPU changes from STARTUP to RUN mode . o A
¥ Functions 2 110/20121:36:03.730 ... | New /O access error during process image update =
3 1102012 1:36:03.727 .. Mew lI0 access error during process image update Elct
4 111012012 1:36:03.624 . Communication initiated request: WARM RESTART - CPU changes from STOP to_.. 4 €9
5 111012012 1:36:03.623 .. New startup information - Current CPU operating mode: STOP o
6 1/10/2012 1:36:00423 .. MNew startup information - Current CPU operating mode: STOP (i ]
7 1102012 136:00323 .. Mew startup information - Current CPU operating mode: STOP [ ]
N 8 1102012 135:59.420 . Mewstartup information - Current CPU operating mode: STOP a.
< P\ 1] >
J ———
Freez display |
Details on event
Details on event: |2 of |50 EventID: |16# 02:39B4

Description: | CPU error: New I/ access error during process image update
output 10 (1 Bytes) will temporarily not be updated as part of process image FIP 0

DISIDGS x 24VDC_2

Diagnostic buffer

The diagnostic buffer is a buffered memory area of the CPU organized as a ring buffer. It contains
all diagnostic events (error messages, diagnostic alarms, start-up information, etc.) of the CPU in
the order in which they occurred. The topmost entry is the last event that occurred.

All events can be displayed on the programming device in plain text and in the order of their
occurrence.

Cgﬂ The size of the diagnostic buffer depends on the CPU. Likewise, the entire diagnostic
buffer is not buffered when the power is OFF (only a part is retentive).

Event details
Some additional information about the selected event is provided in the field "Event details":
¢ Name of the event and event number

e Additional information, depending on the event, such as the address of the statement that
caused the event, and so on.

TIA-MICRO?2 - Troubleshooting
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9.5.2.

Diagnostic buffer: Error Messages in the diagnostics buffer

Online access
* Diagnostics

} Functions

Diagnostics buffer

Detected error I—

General Events
Diagnostic status
Diagnostics buffer [¥) Display CPU Time Stamps in PGIPC local time
Cycle time
=llon aDoi@ aRdHME s s s nnnn s E¥dinnsunannanfsasnnsssannsssnannnssnnnnassannnnnnnnnnnnnns
Mermory :l e . . ] - ; o
b PROFINETinterface [X1] 1 2(15/2015 1:42:28.177... DB 5 not loaded, access in FC 18 -Processing will continue (no OB processing) [51 €

"12A5R07 14258777 " B8 S ot foaded, atcese in FC 18 ~Frocessing will continde (no OF processing) fd € =|

3 12/15/2015 1:42:28.177... DB 5 notloaded, access in FC 18 -Processing will continue (no OB processing) 5 o

4 12/15/2015 1:42:28.176... DB 5 notloaded, access in FC 18 -Processing will continue (no OB processing) [l o

5 12(15/20151:42:28.176... DB 5 notloaded, access in FC 18 -Processing will continue (no OB processing) ﬂ
I[2]

(<] i
L Freeze display .
‘ System reaction
i Details on event
L SRR e e e L e e T PP T v T Y
L [ :Detalls on event: of EventID: :
Description: |Terporary CPU error: DB 5 not loaded, access in FC18 ~

affecting OB 1 execution
Processing will continue (no OB processing)

PLC_1
Internal address details: Caddr=16#0000003E, area: DE 5, addr: 0

hardware concerned

W

Help on event E Openin editar |3 Save as..

Open the block /

in the editor

Interpreting the diagnostics buffer

To interpret the diagnostics buffer, you must look at the events that belong together in the
sequence in which they occurred, in other words, from bottom to top.

If errors occur in which the CPU does not change to STOP, an entry is made in the diagnostics
buffer in every program cycle.

Entries in the diagnostics buffer

The last error that occurred after this warm restart leads to the following entries in the diagnostics
buffer: Example:

Event No. 1:
Temporary CPU error: Area length error in FC18 — Processing will continue

Description:

Temporary CPU error: Area length error in FC18
affects OB1 execution

Write-access DB area

faulty address ignored (€ system reaction)

Processing will continue (no OB processing)

(== Ifaruntime error occurs during the execution of the STEP 7 user program, the CPU as of
e Firmware 2.0 remains in RUN
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9.5.3.

Diagnostic buffer: Opening a faulty block

184
“M_ACT=3ETF"

%WDB5.DBW20

%0B5.DEVZ0

Internal address details: Caddr=16#0000003B, ar

5.addr:0

“DB180
"DE_CTU_Parts”
W80 041 Ccu
Events "B_LE" P_TRIG “F_Operation” Int
I I ] |
[¥] Display CPU Time Stamps in PGIPC loca L.l Q L cu Q
W18.0 I
No Date and time Event “M_aux_Count” - H
‘14 12115(20151:4228177.. DB § H
2 12115(20151:42:28177_. DB §
3 12115(20151:4228177.. DB 5 ",\‘gqq.j
4 121152015 1:42:28.176... DB §| "P_Cperation” P_TRIG
5 12150201514228176.. DBYL | | o Q
<] %181 S
Freez display “M_aux_OF(18)" *WI_SETP"
Details on event
. w184 W8 .4
Details on event: l:l “M_ACT=SETF" "5 _Bayls"
Description: | Ternporary 11 1 1
affecting O 1T 1 T
Frocessing
PLC_1

Help on event t

Open in editar

Save as..

Opening a block

For synchronous errors, that is, for errors that were triggered by a faulty instruction in the user
program, you can open the block in which the interruption occurred by clicking on the "Open in

editor" button.

In LAD/FBD, the network causing the interruption is highlighted. In the example shown, the DBW
20 of DB5 is accessed which does not exist.

"Open in editor"

With the "Open in editor" button, the associated editor that is relevant for the entry (the event) is

opened.

[ CPU-Zeitstempel beriicksichtigt lokale PGIPC-Zeit

JMr.. DetvroundWhrzsis...

1 13.01.2012 03:05:54 8

2 13.01.2012 02:4739 294 Fullge-BetnE'bsmsta nds[ﬂ:ergang CCFU wechselt von Zustand ANUADF nach RU.E' i E

3 13.01.201202:47:35.888 Folge-Betriebszustandsibergang - CPU wechselt van Zustand STOP nach ANLA. ¥4 @

KommendiGehend: |Kommendes “' _________________
[ Topologiesicht [gh Netzsicht ir]]’f Geritesicht 3
- P —= — - . B
Hilfe zum Ereignis |:| Im Editor &ffnen “ﬂc_'_ == ELRE) GerateObersicht |
V] HSC_1 116  1000..10. HSC
Hsc_z 117 1004..10. HsC
s HsC_2 118 100B_10_ HsC
' HSC_4 119 1012.10. HsC
HSC_S 120 1016.10.. HSC
HSC_ 6 mm 102010, HSC
Pulse_1 132 1000..10.. Impulsgenerator (FTOI.
Pulse_2 133 1002.10... Impulsgenerator (FTOI.
Pulse_3 134 1004._10._. Impulsgenerator (FTOI.
Fulse_& 135 1006_10... Impulsgeneratos (PTOL.
D P T FROFINE A chitts wlle. L
H Bl w4a38mag 20481 2 96..103  96.99 SM1234 A4IAQ2
..... i~ DImBEr BTV A7 w e s rp s s aa e na s g na e e e eI EEIEADIBIOA T,
4
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9.5.4.

Call hierarchy (block stack)

. §7-1500 [CPU 1513F-1 PN] » Program blocks » FC_kode [FC15]

Options B8

W L, EOEP8r g8 2w o Bl =1H
T v E rCPU operator panel -E:

» Blocktitle: 5711500 [CPU 151351 ] [~]e

-

Network 1: Indicator Light System On/Off

Operation_OFF = R1

%00.1
%DB98.0BX0.1 "P_Operation”
SR
| | 5 @
%DB99.DBX0.0
"DB_OP"

> | Call environment

RUM ¥ STOF RLIM
ERROR STOF =| &l
=
MAINT MRES Bl
=
=
Mode selector:  RUN
v

b |Breakpoints

v | Call hierarchy

OB_Cycle [OB1]- MW 1
FC_Mode [FCTE] - M 1

syse] it

saneiqr] (&

Call hierarchy

Note

9-10

The "Call hierarchy" gives you the information in which call path the block is opened.

If the block was opened from the diagnostic buffer via the button "Open in editor", then by looking

at the entry in the Call hierarchy, you can see in which path the error occurred.

You can open the calling block by clicking on the appropriate link.

If the CPU is in "STOP" mode, the current block stack at the time of the STOP transition can be
read out via the call hierarchy. The block stack lists all blocks whose execution was not
completed at the moment when the CPU went into "STOP". The blocks are listed in the order in

which the execution was started.

With an existing online connection, open any block for this and switch into the Task Card "Test" >

Call hierarchy.
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9.6. Monitor block
o Network 1:
. i Monitor On / Off
=
:"P__ﬁF;“' 4
EBL=E i "L_fnl‘.LT;I.I' 1o tngger spplied
“M_Sysem_onl_ } i""ﬁ“"'; v  Metwork1:
HMI _JLCE. _______ U_ .__1: E
i E l *h_Sysvem_OH_ L :'1.5”'
5 | | FA—
fil.’..E ; E i
(AT .-Z-F.F i E i
HHI™ _ iR n.'-_,‘.__ !
3 MNetwork 2: 3 MNetwork 2:
g Network 3: - Network 3:
:""F:WI'{"E M, ||.' Lecept B L "-."':"
EALSE E i - pl.'-_.'-""'[" RS T Modeslec HUr Ir“'_—;n ---- i
"r.|_r|_-._-.rjr_e.m-_ § E r---i’-----: ::——————J.'_-'El___ "I:"IL“_-"I 'r“—“'i" I‘.T_ T
HLI® "‘Ltt' _______ o .____E ! W_tar Auto_O1 i i
153 : E FALSE ! !
1, -_-’uh_':'ll" i i ! ]
FALSE : : : I
! E L, :.'n.EII i i
H : B :lm !
FALSE | ' e el ]
Application
The test function Monitor block is used to track the program processing within a block. The states
or contents of the operands used in the block at the time of program processing are displayed on
the screen. The test mode "Observe" ("Block status") for the block currently opened in the
LAD/FUP/SCL editor is activated via the eyeglass symbol.
To start the test function, the block must be identical online and offline. If the opened block does
not correspond to the block stored online in the CPU, the opened block must be loaded into the
CPU or from the CPU and then observed before monitoring.
In the test mode the states of the operands and LAD / FBD elements are represented by different
colors. The settings for this are to be made via Extras - Settings:
Example:
e Status fulfilled > "Element is displayed in green color"
e Status not fulfilled - "Element is displayed in blue color"
Note

The observation values are only current if the CPU is in RUN state and the instructions to be
observed are processed!

This is indicated by the progress bar "Online values are updated" in the upper right corner of the
block.
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9.6.1. Monitor block: Modify tags
|
%
s, E0@EP8r @[T CGEBAD == Gt &G r
Mo condition defined. . {
w Block title: Betricbsarten i
w  Network 1: Betrieb Ein/Aus §
!
P IRIG E)'
FALSE i
430 0 & 2
*5_Operation.ON* ==l ¢ Q== }
WM15.0 1
"M_Mode(15)" H
FALSE {
§
o, %
FALSE Lt i
. ey Wodiyt0 0 crers |
Y -t Monitor [ ocify et cirlr2 )
Display format » odify operand .. Crbshifie2 7
==1 Ope f
Ope i
FALSE 3
301 H
"5 _Operation. & ,l
A e an PR al = PPN B s e 1t UL RNV PRI S V]
Modify tags
If the test function "Monitor block” is activated, it is possible to control variables to status '0' or '1".
The assignment of the status is done once. With non-Boolean variables, the control can be
carried out via the menu item "Modify operand...".
If the variable whose status was changed is not overwritten by the program, the variable remains
at the assigned status. If, for example, an output is controlled to status '1' and this variable is not
overwritten by the program, the output remains switched on or set to status '1".
TIA-MICRO2 - Troubleshooting
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9.6.2.  Monitoring structures
340
NDB_OP".Weight—Weight MNui
Monitor
Structures
WeightStore
.r.v
<l For INOUT parameters I | 51 100% ¥ —5—— '
B |nput Valueand _ /| | 1 RN NN RN
Output value |\'Wlties *iyInfo 1| %l Diagnostics |
‘ Device information " Connection informati\nn\“ Alarm display ” Monitor value
Name  Data type Inputvalue  Outputvalue
< ¥ "DB_Weights_opt"Wei.. "UDT_WeightStore" [2
4= Maxio Int 10 10 i
@ = ActNo Int 0 1 =
4 = ~ PartWeight Array[0.9] of Int IT] |
€1 = _ PamWeight[0] Int 238 238 [
4 = PamWeight{l] Int 0 160
o | s PartWeight[2] Int 0 0
e L] PartWeight(3] Int 0 0

Rules for Monitoring Structures (S7-1200/1500)

When monitoring structures, the values of a structured PLC tag are displayed in the Inspector

window - Diagnostics = Monitor value, with the following exception:

e Structures, whose elements have adjustable retentive properties, cannot be monitored.

In order to display the Monitor values for a structure, you must first activate the monitoring via the

Context menu.
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9.6.3.

Monitor block: Call environment

Options B
EE AL =R BR:E 4 =8
g
e - ‘> |CPU operator p... g
oA call patn: 0Bt FC17 2 [pE_Fe20_Fault2 [DB2 [~ [z g |2 | Call environment |S
" » s® 3 =
v"'NMMr‘k‘ﬁ. (@ Call enviranment 124 Call path: 0B1 > FC17
: . Te r——
’\. Dependency structure ! |Address  Details —ha o — J %
-
’~,. 1 | w dE-FB_FaultEvaluation FB20 °
-
.". 2 « 48 FC_Fault ("DB_FB20_Fault2") FC17 FC_Fault NW3 H
| SE! 48 0B_Cycle OB1 OB_Cycle N4
~ —
'4.. w 4 FC_Fault ("DB_FE20_Fault3") FC17 FC_Fault NWS 3
#Fault_input I P_TRIG [ 5 e, 48 OB_Cycle © 0Bl OB_Cycle Nvi4 -
1
(RS SO 9 6 »
#Edge_Mermon £
TRUE i
0B_Cycle [0B1] < FC_Fault [FC17] = FB_FaultEvaluation [FE20] 1 =
#Stored_Fault #Fault_Input a"‘_
ﬁ.
@
v
< il > | [100% BV » | Breakpoints
Function

9-14

The call conditions for blocks and for breakpoints can be defined. In this way we can determine
under which conditions the program status of a block is displayed or the program execution is
interrupted at a breakpoint. The following conditions can be selected:

¢ Instance data block
The program status of a function block is only displayed when the function block is called with
the selected instance data block.

e Call path

The program status of a block is only displayed when the block is called by a specific block or
from a specific path.
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9.7. "Monitor / modify variables": Watch tables

Devices
QO = Wl 4 4 2 [T
MNarne Address  Display format | Monitorvalue | Monitor with trigger | Modify with trigger
* ] My Project BE "B_LB" %IB.0 Boal [ TRUE Permanently, at start.. Permanently, at sta..
EF Add new device TIE "S_Bayl” %lB.1 Boal [m TRUE Permanent Fermanent
ﬁg-tl Devices & networks 3 "S_Bay2" %182 Bool [0 FALSE Permanent Permanent
hd H PLC 1 [CPU1214C 4 *S_Bay3" %IB3 Bool [0 FALSE Permanent Permanent
Y Device configura ... R E "S_Bay-lB” %lB.4 Boal [3 FALSE Permanent Permanent
% Online & diagno... 6 "B_Bayl” %lI8.5 Bool TRUE Once only, atend of . Permanently, aten..
4 r;i:. Program blocks (¢ ] 7 "B_Bay2" %86 Boal [ TRUE Fermanent Fermanent
» [ Technology ohje... 8 "B_Bay3" %18.7 Bool [E] FALSE Permanent Permanent
» External source fi.. i ) *P_Bay1™ %081 Bool [E] FALSE Permanent Permanent
» r:a PLC tags [+ 10 "P_Bay2" %08.2 Bool & FALSE Permanently, atend . Permanent
v [ PLC data types 1 "P_Bay3" %Q83  Bool [3 FALSE Permanent Permanent
-_____'_Egl_'.ﬁ-‘a_t_cb_apg_fo_rsg__"""v 12 *F_BayLB" %08.4 Bool [E] FALSE Fermanent Fermanent
o ﬁt Add new wat... . 13 “K_Right" *QB.5 Bool Permanently, attran... Permanent
s E,Dl orcetabelle A 14 "K_Left” %086 Bool [3] FALSE Permanent FPermanent
b 2 1iQ_conveyor E 15 *P_Horn® %087  Boal & FALSE Fermanent Fermanent
TTTT T TR Online backups - |18 “W_Weight™  %IW96  DEC 801 Permanent Fermanent
4 ?i Traces L0 T I L B
Area of use

The "Monitor/modify variables (Tags)" test function is used to monitor and / or modify variables
(tags) in any format you choose. For this, the desired variables are entered in a watch table.
Except for block-local, temporary variables, you can monitor and/or modify all variables (tags) or
operands.

You can choose the columns displayed in the watch table via the menu ‘view’. The columns have
the following meanings:

e Name: symbolic name of the variable (tag)
e Address: absolute address of the variable (tag)
e Symbol comment: comment on the variable (tag) displayed

e Display format: a data format you can choose per mouse click (such as binary or decimal), in
which the content of the variable (tag) is displayed

e Monitor value: variable (tag) value in the selected status format

e Modify value: value to be assigned to the variable (tag)

Watch table

You can choose any name for the Watch table. Saved Watch tables can be reused to monitor
and modify so that a renewed input of the variables to be monitored is no longer necessary.
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9.7.1.

"Monitor / modify variables": Trigger points

Pl E ? ? DD 1
-l I.
Trigger point
—— "Beginning of \l,
Scan Cycle"

once / by trigger by Trigger / once
modify variables monitor variables
show/ hide all  show/ hide all enable peripheral outputs
modify columns trigger columns (disable output disables OD)
(CPU must be in STOP mode)
cyclic
program
execution ()Trigger point
"Transition | B 7,7 2 oo
P l! Nl (=%
amne Addr_. Display format | Monitor value Monitor with trigger | Modify with trigger Modify value
1 *B_LB" %I4.0 Bool [E] FALSE Fermanent Fermanent
2 B, “B_Bayl® %l4.5 Bool [ TRUE Permanent Permanently, atend of scan cycle TRUE
3 "B_Bay2" %l4.6 Bool [3 FALSE Permanent Permanent
4 *P_Bay1" %Q3.1 Bool [E FALSE Fermanent Fermanent
. . 5 "P_Bay2" %Q3.2 Bool [E FALSE Fermanent Fermanent
—_— -I,Tlgger pOInt 5 =3 “K_Right" %Q3.5 Bool [ TRUE Permanent Permanently, atend ofscan cycle TRUE
End of > e
& 7 K_Left® %Q3.6 Bool [E] FALSE Permanent Permanent
Scan Cycle" [, ] =l <add n
< L] ¥

Trigger points

Through the "monitor with trigger or modify with trigger" columns, you can define the trigger
points for monitoring and modifying. The "trigger point for monitoring" specifies when the values
of the variables being monitored are to be updated on the screen. The "trigger point for
modifying" specifies when the given modify values are to be assigned to the variables being
modified.

Trigger condition

The "trigger condition for monitoring" specifies whether the values are to be updated on the
screen once only when the trigger point is reached or permanently (when the trigger point is
reached).

The "trigger condition for modifying" specifies whether the given modify values are to be assigned
to the variables being modified once only or permanently (every time the trigger point is reached).

Area of use

9-16

The following tests, among others, can be implemented with the appropriate selection of trigger
points and conditions:

e Wiring test of the inputs:
Monitor variables, trigger point: Start of scan cycle, trigger condition: Permanent

e Simulate input states (user specified, independent of process):
Modify variables, trigger point: Start of scan cycle, trigger condition: Permanent

e Differentiation between hardware / software errors (an actuator that should be activated in the
process is not controlled)
Monitor variables, in order to monitor the relevant output, trigger point: End of scan cycle,
trigger condition: Permanent
(output state = "1 > program logic OK > process error (hardware)
(output state = “0” > program logic error (such as double assignment)

e Control outputs (independent of the program logic)
Modify variables, trigger point: End of scan cycle, trigger condition: Permanent
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9.7.2. "Enable peripheral outputs”
e # & & "
= =it} 1 Lo 1
Enable peripheral outputs (0610:003)
I Enable peripheral outputs
Once and immediately - CAUTION: The "Enable peripheral outputs® function cancels the output
modify all active variables disable (OD).

This will enable all output modules. Analog cutput modules will output
theirlastvalue.
Do you want to execute "Enable peripheral outputs™?

"Enable peripheral outputs"

CPU must be in STOP [7] Do not show this message again
Yes ! | Mo
» ¢ )7 A 5) = 3
i MName Address Display format | Monitor value | Monitor with trigge | Modify with trigger  Modify value b Comment
%QBBP Bin [=1°8 Permanent [=] Permanent  [+] 2#0100_0000 ?] 1
<Add news

AP e peiipal el

The function "Enable peripheral outputs"

The "Enable peripheral outputs" function is used to check the functioning of the output modules,
the wiring of the digital output modules or it can be used to continue to control actuators in the
process even though the CPU finds itself in the STOP state because of an error that has
occurred.

The "Enable peripheral outputs" function cancels the output disable of the peripheral outputs
(PQ), which enables you to control the outputs despite the CPU's STOP state.

Conditions

Note

e The CPU must be in STOP mode
e A Force task must not be active in the CPU

e The Watch table must be displayed in "extended mode", in other words, displayed with trigger
columns

e The peripheral outputs to be enabled are to be specified byte by byte, word by word or
double-word by double-word with the suffix :P (for peripheral)

e After the peripheral outputs have been enabled, the modify values can be activated via the
"Modify once only" button (not via "Modify with trigger")

When changing the CPU’s operating status from STOP to RUN or STARTUP, enable peripheral
outputs is deactivated and a message pops up.
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9.8. Force variables

| Activate Force

Update all forced
operands and values

| Deactivate Force

Devices
HQO i

1 Narne Address Display format  Monitorvalue  Forcevalue  F
~ Fig PLC_1[CPU 1214CD... g~ E\ -kright? [F[%085F |ecol [=]°8 TRUE =]
[If Device configuratior 2 <Add new>

%| Online & diagnostics
» gl Frogram blocks @
[ r\_* Technology objects

] External source files

» [ PLCtags Q
v [ PLC data types

~ |55 Watch and force ta...

N\

FORCE task is active

E,%,lForcetabelle .
R )6; .........
EZ| watch table_1

v [&] Online backups

b [ Traces

(S i D : FY 'Y Fo Py B -y s

Introduction

With the help of the force table, you can pre-assign individual variables of the user program with
fixed values. These variables are then independently and continuously overwritten by the CPU.
This process is called forcing. Requirement for forcing is that an online connection to the CPU
exists and that the CPU used supports this function.

Area of use

Through the fixed pre-assignment of variables with defined values, you can set certain
specifications for your user program and thus test the programmed functions.

Forced variables and PLCs are identified with an F, as soon as you switch to the online view or
the respective block is monitored.

M0
"H_EBetrieh" —

L N=]
LYY,

Il:'-_ll

"W_Rechts" — sk —_—

= W.ith an active Force task, the MAINT-LED lights up on the CPU.

q

— Only physical inputs and outputs (in other words ":P") can be forced.

Careful

Before forcing, you must become familiar with the safety precautions for this process.
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9.9. Reference data: Cross-references of PLC tags

T McRo2 S MICRO2_S » PLC_1 [CPU 1214CDUDTDC] » PLC tags
K¢ Add new device
- . 4 |
dhy Devices & networks s _ Display of whereit is used
¥ L@ PLC_1 [CPU 1214C DC/DC/DC] Cross-references of: PLC ta
[If Device configuration Used by Uses (also for HM I)
%/ Online & diagnostics Object Number | Point of use as Access Address | Type
» ';5. Program blocks » mBayl %185 Bool
» [ Technology objects v aBay2 %156 Bool ¢
.__P_Eﬁp.ﬁ?tﬂ'nﬁhsauiceﬁl?é....___ ~ §]Conveyor 1 Screen 1
L b [ PLCtags i Kreis_2 BAY2
S L o e » 4BFC_ConvMotor 2 FC16 LAD-Fun
(=R - = B-FC_Indicate 4 FC14 LAD-Fund
» [ onl }{ Cut CerleX FC_Indicate MW1 (Indicator light bay 1) Read-only
B Prog 5| Copy Crrl+C FC_IndicaEe-I':l'.'_v'l(_Irld_ic.alzo.r.light bay 1) Read-only
» n_u: De | Faste Ctrl+v “E@_TI’TG'IC‘EtE W2 (Indicatorligﬁt'b"a}*i)... Read-only :
E) Text Rename ased "..F.C._Indlcate NW2 (Indicator light ba)f2-,- ‘: Read-only e .
I Staaaa. ammunn®® =
: g ;?:t Jg G° ?:“’_‘_e <1 @ veight TREmns %LWes  Word
) [ PLC.2 &' Gooffiine i» qmk_Left %Q8.6  Bool
- — ¥ @K _Right %085  Bool
D ‘E! GLELY , » EFC_ConvMotor 1 ) ) i Furl}
v [§§ comriie * b EECFault ] Click to jump to the point of |,
» 5] Docum - N i » 4FC_Indicate 5 use -Fun
v (@ Langud = Assignment list b @l Bay |
» [ Online acd 5] Frint... Ctrl+P | » @@l Bay2 %Q82  Bool
] p_w Card Read ﬁw Print preview... ¥ <@l Bay3 %Q83  Bool
g v . Alt+Ente * F |Conveyor 1 Screen
I gl e Kreis_7 s _-L-_-B-'____

Introduction

The cross-references list offers an overview of the use of operands and variables (tags) within the
user program. From the cross-references list, you can jump directly to the point of use.

The cross-references list contains the following information:
e Which operand is used in which block with which instruction?
e Which tag is used in which HMI screen?
e Which block is called by which other block?
As part of the project documentation, the cross-references supply a comprehensive overview of
all operands, memory areas, blocks, variables (tags) and screens used.
Views

There are two views of the cross-references list which differentiate themselves by which objects
are displayed in the first column:

e Used by:
Displays the referenced objects
Here, the reference location where the object is used are displayed.

e Used:
Displays the referencing objects.
Here, the users of the object are displayed.
The associated tooltips give further information on the respective objects.

Show Unused

This is a list of tags which are declared in the PLC tag table but are not used in the S7 user
program.
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9.9.1.

Reference data: Cross-references of a tag

TN
o %041 %
[oa— —
TM30.0 LUPTIE. “° Operation” I
"S_ON" P_TRIG *M_Conv_Fault® ‘e R_.e .*
_| |— CLK Q —VI— 5 Q— S
WM15.0
“M_aux_O0p(15)
%M30.1
"5 _OFF
|1 |
11
WM177 L]
“M_rmax_Fault®
] L
| |
<] I [ [>] [100% |2 e fvrvveers
ammmmTEEa, 8(@ Properti iInfo (D] /% Diagnosti
. ., 3 perties _3TiyInfo ) iagnostics
- aapunun?®
General §) t Cross-references [. Compile || Syntax
-
Cross—referenfequrma_tu)pfoh'FC_Nbde
Object Point of use as Access Address | Type
~ <I"P_Operation” %041 Bool
~ 48 FC_Mode FC15 LAD-Function
FC_Mode NW1 (Operation OMIOFF) Read and write
~ 48 FC_ConvMotor FC16 LAD-Function
FC_Convlotor NW1 (Jog Right) Read-only
FC_ConvMotor NW2 (Jog Left) Read-only
FC_ConviMotor NW3 {Automatic transports) Read-only
» 3B FC_Count FC18 LAD-Function
» dBFC Fault FC17 LAD-Function
» 3B FC_Indicate FC14 LAD-Function

Introduction

Structure
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In the Inspector window, the cross-reference information for a selected object is displayed in the
tabs "Info > Cross-references". In this tab, you will see at which locations (Point of use) and from
which other objects every selected object is used.

In the Inspector window, cross-references are made even to those blocks which only exist online
or cross-references from HMI accesses.

The cross-reference information is displayed in tabular form in the Inspector window. Each
column contains specific detailed information on the selected object and its use.
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9.9.2.

Reference data: Go to = Point of use

Network 1: Jog Right

Comment

AT s nsert network
“F_Operat L

1 Insert empty box

Properties

Cmur:e,fareqq.e |nf0rmqt,|,m Shiferl1

‘,--“"%Q4'T"--. %M30.2 %M30.3
{ s Righ 'S Lefe
ey t ,I. [id (| La
Rename tag... Ctrl+5hift+T
Rewire tag... Ctrl+shift+P
x Cut Crl+X
5| copy Ctrl+C
¥ Delete I Del
SHPTTLLL LLLLT T,
Network { "

Ctrl+R

Shift+F5

Alt+Enter

WM160.3
"M_TOF_Left"

G Next error
¢ Previous error

Definition
Device view

et orklllne -

.
.© M
.
“Previous paing otusest CarkshifdF

J

Comment

¥  Network 1: JogRight

%041 %WM30.2
"F_Operation” "% _Right"
7 {1
¥  Network 2: JogLeft
Comment
--"'@41"'-. %WM30.2
>! "5 _Right
"Taa, Vl. amu® - I

]
}
_

Go to = Next or previous point of use

During block processing, in order to navigate quickly within a block from one point of use to the
next or previous point of use, the function "Go to > Next point of use" or "Go to > Previous point of
use" is started via the context menu of the respective variable (tag).
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9.9.3.

Reference data: Call structure

« [ PLC_1 [CPU 1214C DC/DC/DC]
[|'|‘ Device configuration
~aC _ﬂ. Online &diagnostics

¥ |5l Program blocks

&
A0

g

-

|

£ D W W BB

Add group

Add new block

Open block/PLC data type...
x Cut

E5) Copy

Compile
Download to device
& Goonline
oN Go offline

Switch programming language

a Frint...

& Print preview...

%

Applysnapshot values as startval

€ Properties... Alt

Ctrl+C

]
]
Ctrl+K

4

Crrl+P

MICRO2_S » PLC_1[CPU 1214C DUDCODC] » Program blocks

Call structure of PLC_1

Call structure

48 0B_Cycle

~ 4 FC_ConvMotor

~ 3 FC_Count
@ DE_Paris
@ DBE_Parts
@ DB_Parts
@ DB_Farts
@ DE_Parts
48 FC_Ind_Weight_SCL
» 3 FC_Send
~ WFC Fault

S FB_FaultEvaluation, FB_FaultE. g
28 FB_FaultEvaluation, FB_FaultE_{g
48 FC_FaultEvaluation

48 FC_Indicate

4 FC_Mode

P 4 0B_Cyclic_interrupt
@ DE_HMI_sync

| DB_Optimized (global DB)
FC_Ind_Weight

@ DB_TOF_Left (instance DB of IEC...
@ DB_TOF_Right (instance DB of IE...

@ DB_CTU_Fault (instance DB of IE...
@ DB_TOM_Fault (instance DB of IE...

1 Address

0B1
FC16
DE163
DE162
FC18
DESS
DESS
DESS
DE99
DES9
FC36
FC30
FC17
DE171
DE170
FB20,DB2
FB20, DB4
FC20
FC14
FC15
0B235
DE11
DE1
FC35

Call structure ﬂﬂ._t_)ﬁpendency structure "g Assignment list ”M Resources

Details

0B_Cycle NW2 (Conveyor motor)

FC_ConviMotor MW2 (Jog Left)

FC_ConvMotor MW (Jog Right)

0B_Cycle NWS (Statistics)

FC_Count NW1 (Count parts, Actual = Setpoint?)
FC_Count NW2

FC_Count NW2

FC_Count NW1 (Count parts, Actual = Setpoint?)
FC_Count NW1 (Count parts, Actual = Setpoint?)
FC_Count NW2

FC_Count NWZ

0B_Cycle NW3 (Fault evaluation)

FC_Fault NW2 (Count the conveyor faults)
FC_Fault NW1 (Transportation time monitaring)
FC_Fault NW4 (Evaluate Fault 2}

FC_Fault NWS5 (Evaluate Fault 2}

FC_Fault NW3 (Evaluate Fault 1)

0OB_Cycle NW (Indicator lights)

0B_Cycle NW1 (Mode section)

0B_Cyclic_interrupt NW3

2]

Call structure

9-22

The call structure shows (describes) the call hierarchy of the blocks within an S7 program

be opened via context menu or in menu “tools”. It gives you an overview of:

The blocks used

Jumps to the points of use of the blocks

Dependencies between the blocks

Local data requirements of the blocks

Status of the blocks

. It can
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9.9.4. Reference data: Dependency structure

|ﬂ Call structure '.11:3]_ Dependency s‘truc‘turg_._'_”: i Assignment list ||m Resources
T 5 = TEssssmsmammEns
Dependency structure of PLC_1
Dependency structure 1 Address Details
1 DE_Optimized (global DB) DB1 B
2 | v |g FB_FaultEvaluation_DB (instance DB of FE_FaultEvaluation) DB2 Bl
3 » JBFC_Fault FC17 FC_Fault NVWid (Evaluate Fault 2)
4 b o8 TSEND_C DB (instance DB of TSEND_C) DE3
5 | ¥ |g FB_FaultEvaluation_DB_2 (instance DB of FB_FaultEvaluatior = DB4
6 ~ & FC_Fault FC17 FC_Fault NWS (Evaluate Fault 2) -
7 4 OB_Cycle CB1 OB_Cycle NW2 (Fault evaluation) 1
8 b g PLC_1_Send_DB DBES
% | » |g DE_HMI_sync (global DE) DE11
10 » |@ DB_Parts (global DB} DE99
11 = |g DBE_TOF_Right DB162 L4
12 > 38 FC_Convhotor FC16 FC_Convhotor NV (Jog Right)
13 4 0B_Cycle 0OB1 OB_Cycle NW2 (Conveyor motor)
14~ |g DB_TOF_Left DB163
15 » 3B FC_ConvMotor FC16 FC_Convhotor NW2 (Jog Left)
16 | » |g DB_TON_Fault DE170
17 » @ DB_CTU_Fault DB171
18 | v 4 FC_Indicate FC14
19 3 OB_Cycle i oB1 OB_Cycle NW4 (Indicator lights)
20 v 48-FC Mode FC15 [v]
(<] iG]

Dependency structure

The dependency structure can be shown via menu “tools” and it shows the list of blocks used in
the user program. In the first level (to the very left) is the respective block and indented
underneath it are the blocks which call this block or use it.

The dependency structure also shows the status of the individual blocks using symbols. Objects
which cause a time stamp conflict, and which can lead to an inconsistency in the program are
identified with different symbols.

The dependency structure represents an extension of the cross-references list for objects.
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9.9.5. Reference data: Assignment of |, Q, M

|ﬂ Call structure ”j Dependency structure‘.'.'.“_

i
3 X

IB1
IBE

IB96
IB97
QB4
QBS
QBB

Input,

Mo filter= - Y |I| Iilx

Assignment list of PLC_1

Cutput

Address 7 6 5 4 3 2 1|0 B W DWORD LWORD

**e e
*44 S

LR K R
»
L 3 W & (Tt&name:L_Faultj

iz

Bit memary

Address
meio IE
MB15
ME16
MB17
ME18
ME30
ME31
MB33
MB35
ME36
MB37
ME160
ME170
ME171
MB172
MB173

76|54
*

k| Resources

321/ 0B W |DWORD
*

+ e

4|

Assignment I/Q/M

The assignment list for I/Q/M is opened via "Right-click on the device > Assignment list" or via
Menu "Tools > Assignment list".

This assignment list gives you an overview of which bit is used from which byte of the memory
areas input (1), output (Q) and bit memory (M) are used. The type of use (reading or writing) is not
displayed.

The memory areas inputs (1), outputs (Q) and bit memories (M) are displayed byte-by-byte in
lines.

9-24

The bits identified with a small diamond, that is, binary operands (in the picture, for example, |

4.0 or M 16.4) are used explicitly in the program.

The fields of the individual bits which have a gray background identify byte, word, double-

word or long word operands that are used in the user program. The operand dimension (byte,
word, double-word or long word) comes from the vertical line in one of the columns "B" (Byte),
"W" (Word), "DWORD" (Double word) and "LWORD" (Long word).

Bits that are marked with both a diamond and a gray background are used explicitly as a
binary operand in the user program and are used via a byte, word, double-word or long word

operand.
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9.9.6. Reference data: Resources (memory utilization)

My_Project » PLC_1[CPU 1214C DUDUDC] » Program blocks

|ﬂ Call structure ||j Dependency structure || 4 Assignment list ':"M Resources‘:t

(%)

Resources of PLC_1

Objects Load memaory Work memory Retain memory lle} Dl Do Al AQ
1 2% 3% 0% 33% 35% 17 % 0%
2
3 Total: 4 MB 76800 bytes 10240 bytes Configured: 30 26 6 3
4 Used: 83515 bytes 2116 bytes 12 bytes Used: 10 9 1 o
5 Details
6 |~ OB 8018 bytes 183 bytes
7 4 0B_Cycle [0B1] 4452 bytes 130 bytes
8 3 OB_Cyclic interrupt [OB2.. 3556 bytes 53 bytes
9 b FC 38807 bytes 1221 bytes
10~ FB 11526 bytes 64 bytes
11 3 FB_FaultEvaluation [FB20] 3363 bytes 64 bytes
12 #FTSEND_C [FB1030] 8163 hytes 0 bytes
13  » DB 19727 bytes 648 bytes 12 bytes
14 Objects for Motion Technology = = 0 bytes
15~ Data types 951 bytes
16 | upT_1 951 bytes
17 PLC tags 4486 bytes 0 bytes
[<] i =]

Resources (memory utilization)

The Resources is opened via Menu "Tools > Resources" and shows you which (how much)
memory area is used by which objects in the CPU.

Note

Display of the ‘Used’ Load memory in the CPU:

Please note that the sum of the used load memory cannot be exactly determined if not all blocks

have been compiled.

In this case, a ">" placed in front of the sum indicates that the value for the used memory area
could be larger than displayed since blocks that are not compiled are not considered for the total

formation.
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9.9.7.

Reference data: Overlapping accesses

tdyProject2 » Area_1 » $7-1500 [CPU 1513F-1 PN] » Cross-references

= = | Show objects with references (default) |V| =)
Ohject Reference location Check overlapping AC...
v K Leht 5“ accesses (]
* i FC_Corveyor
. . @FC_Comveyor » N2 {log to tl Show overlapping Wit E
¥ < K_Right 1.“ access
* 3 OB_Cycle
@O0B_Cycle » NW3 {Conveyor Monitoring (un..  used by Re...
@0B_Cycle » NWwd (Conveyor Monitaring (ev...  used by Re...
@OE_Cycle » MWS (Weight stored) used by Re...
b 4 FC_Corwveyor
» B FC_Signal “
(<] i |
u Efaledaah
Overlapping access of: K_Right k
Ohject Reference location Reference type | As Access [
¥ <@l Tag_2 E
~ 3 FC_Cornveyor £
@FC_Conveyor » NS used by irite E
> < Tag_4 b
* 48 FC_Sighal b
@FC_Signal m Mid used by irite E
S S S S NN NN NS E NN NN NS E NN NSNS SN NN NS SN NN NSNS S S SN NSNS N NSNS EEEEEEEEEEEEmEnmmmnma
< i [5]

Overlapping accesses

9-26

With the help of the "Check overlapping accesses" button, you can check whether overlapping

accesses exist for one of the variables (tags).

If this is the case, they can be displayed in a separate table with the help of the "Show

overlapping accesses" button.
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9.10. Compare (1) - Offline/online

|
Project tree w4 | Start detailed comparison
Devices ’ ap
e o #:+ B & @2 ft =]
- - ED Set comparison criteria
* ] My_Project IA_MICRO2: PLC_1" “Online PLC"
¥ Add new device Eme Address Type Ti..| |Status |Action Name Address Type Ti...

e Dene SSRGS [RgpLC 1 [~ @ n [ PLc_1
%~ (@ PLc_1[cPu121ac DODODC] ~ . Program blocks E 9 E
Taa iy of= B RMaat o device ¥ nos.tic .. OBBZ 0B G- [ ) -3 Diagnos.tu: errorinterr... OB82 fol:] i
e a Backup from online device 081 0B 9l [ ] 4 0B_Cyclic [0B1] ‘031 o] 9i...

» I8 Pl 5 Go online culek oE 7 (3 o235 oE 7l
v [8 1 ¥ Gooffine Cerlet fonvey.. FC16 FC ™ Il No action r[FC16]  FC16 FC 1
» X 1%/ Online & diagnostics crl+p fount[F.. FCI8 FC 2. @ |+ Upload from device  [[FC18] FC18 FC 21
vy [2 A . - ault[F.. FC17 FC o f @ [~ Download to device  [FC17] FC17 FC [
vf - Snapshot of the monitor values A. = .
el P Applysnapshotvalues as startvalues » i | —— I < ” L |
N e —

3 I;lW R(J Crozs-references F11 “ Offine loTiigs ' ‘) '

& Call structure

g Assignment list OB_Cyclic_Interrupt [0B235] 0B_Cyclic_Interrupt [0B235]

o »: (1]
b Interface without cpfiments

Select
synchronization

action

Types of comparison

In principle, there are two different types of comparison:

e Online/Offline comparison:

The objects

in the project are compared with the objects of the relevant device. For this, an

online connection to the device is necessary.

e Offline/Offline comparison:
Either the objects of two devices within a project or from different projects are compared.

Symbols of the result dis

play

The result of the comparison is presented by means of symbols.
The following table shows the symbols for the comparison results of an Online/Offline

comparison:
Symbol Meaning
1] Folder contains objects whose online and offline versions are different
7] Comparison result is unknown
] Online and offline versions of the object are identical
] Online and offline versions of the object are different
i Object only exists offline
Ch Object only exists online
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9.10.1. Compare (2) - Online/offline block detailed comparison

~~— || Position on previous/next
difference
£t Srat [E ([l |
Wi F R = C"Gmcgu
Interface Interface
Mame Data type Comment Mame Data type Comment
1 <@ = Input ~f1 Input u
2 m cAdd news 12 Output
[ <] i | [<] I ][]
L Tal 1 Al T
b =i = [ S £ =
%DB99.DBXD.1 . Hoa *%DB99.DBX0.1 . Woa
“DE_OF". F_Operation “DE_OF". F_Operation
Operation_ON P_TRIG SR ’7 Operation_OMN P_TRIG SR
—— — g—s Q | | CLK Q5 Q
151 = %M15.1
. . 3 . . %DB99 DEXD.0
M_aux_Op_on M _aux_Op_on "DB_OP".
Operation_OFF — gy
et 4
%pB99DEXOO .= et
of. e
Operation OFF . 0 et
A
I
V= moe s e
- - m el W & A . e, Leed
<] i 100% - —5— <] I [100% [+] —5——

Detailed comparison

Through the detailed comparison you can identify exactly those locations that are different in the
online and offline version of a block. So that you can find these locations as quickly as possible,
the following identifiers are used:

e The lines in which there are differences are highlighted in grey
e The different operands and operations are highlighted in green

¢ When the number of networks is different, pseudo networks are inserted so that a
synchronized representation of identical networks is possible. These pseudo networks are
highlighted in grey and contain the text "No corresponding network was found" in the title-bar
of the network. Pseudo networks cannot be processed

e If the sequence of the networks is mixed up, pseudo networks are inserted at the appropriate
locations. These pseudo networks are highlighted in grey and contain the text "The networks
are not synchronized" in the title-bar of the network. The pseudo network also contains a link
"Go to network <No>", through which you can navigate to the associated network

TIA-MICRO2 - Troubleshooting
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9.10.2. Compare (3) — Software offline/offline

Compare editor offline
ey

T s .
- e = Softvare
TR @0 ﬂ"iEE & o 55000000 0TI
i Devices & networks =
~ [§ PLC_1 [CPU 1214C DC/DG/DC] Compare
[|T D Download to device i i
ar sl Manual/Automatic > Commen | Title Address
ackup from online device
» gl P & Goonline Ctrl+k F—LCJ = i L
= =0 ont e N progrem blacks 1 a
b L T G Go offline Cerl+ & 08_Cycle [0 Cyclic progr. 081 I = | 08_cycle [0B1] Cyclic progr_. OB1
3 EX Y Online & diagnostics Cul+D & 0B_Gyclic_in... 0B2 n 4 OB_Cyclic_interrupt [O... 0B235
(=N OSSR 4 FC_ConvMot__ Conveyor m... B [ ] |48 FC_ConvMotor [FC16] Conveyorm... FC16
~ [ P L A Statistik () FCi8
L Applysnapshotvalues as startvalues b ¥ Faults /rc17 0 Faultevalua.. FC17
| & T 0 o< o | 0 oy o1
3 T dfcator lig... FC14 [ ] FC_Indicate [FC14] Indicator lig... FC14
[2 W 2€ Crossreferences F11 { [FEmEnGE - 2
b G2l Vil Mode section FC15 O 48 FC_Mode [FC15] Mode section FCI5
ey
g Call structure FC30 [ T E FCzn
=R ) < i
| Assignment list e
- — ces are different. Code s different.

i [ 1] A

v | Reference projects
3 Ty FC_Count [FC18] FC_Count [FC18]
— C18 @ ras [~]
- MICROZ_E automatic [ ] automatic
K Add new device Type: FC o
= Language: LAD LAD
ﬁﬁh Devices & networks 'guag — ° —
e " " Time stamp interface:  2/19/2003 - 15:34:12.6100000 ') 8i26/2011 - 10:03:40.4531250
(@I TPLC_1 [CPU 1214C DCIDCIDC] Time stemp code:  12/16/2015 - 14:00:51.1905089 @  12116/2015-15:51:03.5391318
P
» [l PLC_2 [cPU 1211C DODCIDC] Author: Q
» [ HMI_1 [KTP&00 Basic calor PN VEITTE |0 L |Es
» B E pre Family: [ ]
&% Common E_E _ Load memony: 5656 Bytes [[] 5851 Bytes
5[] Docurnentation settings Viork memorny: 197 Bytes (1) 217 Bytes
L] n 2]

Online/offline software comparison
Compared are either:

e the objects of two devices within a project

e the blocks of two devices within a project
e the blocks within one device

e the objects from different projects

e the blocks from different projects

By means of a mouse-click, you can toggle between

glé comparison.

automatic EE and manual .../

Automatic Comparison

Blocks and objects of the same type and same name are compared with each other.

Manual Comparison

You can select which blocks are compared with each other. That way, it is possible to compare all
blocks with each other.
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9.10.3. Compare (4) - Offline/offline hardware

Compare editor offline

—_—
*|g Software |[m Hardware

"Mby_Project: PLC_1"

—a

MName Status Name
~ [ PLC_1 [ i PLC 1
~ [ Local modules o [ Local modules
WA [1] Wi
Il sovazema 0 © Does not exist
I #1413 bits 1 AQ2 x 14 bits_1 (1} Il 14 %13 bits { AQ2 x 14 bits_1
[l pizigE x 24vDC_1 (1] [l Di8iDgS x 24vDC_1
= m Distributed 1i0 (1] m Distributed 110
~ [L] FROFINETI0-Systern {100): PRIE_1 1] (£ FROFINETIO System [100): PNAE_1
~ I:. et200sconveyor @ I:. et200s-conveyor
;I et200s-conveyor [ ] ;I et200s-conveyor
Il FE 24vDC_1 [ ] [l FriE 24vDC_1
W 201 x24vDC ST 1 (1} [l 401 x24vDC ST 1
[l 201x24vDC ST 2 ] [l 401 x24vDC 5T 2
[l 200 x2avDC I 0.5A5T1 [ [l 400 x24¥DCI05AST 1
[l 400 x24VDC 1 0.545T 2 ] [l 400 x24¥DCI05AST 2
© Does not exist (] Il Prie 24 10 48VDC_1

| A

! PLC_1

Name: PLC_1
Article number:  BES7 214-1AG40-0XED

Comparison result: No detailed property comparison available.

2 |

PLC_1

PLC_1
6ES7 214-1AE30-0XBO

Offline/offline hardware comparison

In addition, it is possible to compare the hardware between two devices or modules in one device

with each other.
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Code block comparison (FC27) - EX
Devices
W e G G [E] R
T FC_Fault FC_Fault_NEW
w [iz] Area_]
— Mame Dats type Defaultvalue . Mame Data type Defaultvalue .
_mlimﬁnn[cpu'wmam PN] ~—Ho Ine P
R configuration 2 B cHinfugens 2 4= Operstion Bool
% online & disgnostics
= - al ] £l ]
N Go offline Crrl+hf e T
& k title: . [~]» Blocktitle: . ~
9] Quick compare » [l Select as left object ~ @b Network 1:
L§j searce” project Crrlef [T 1 CGS 1
- & WDE1T HDE1T
{ Conveyor [FC16] %00.1 "“iDE_IEC, Timer 1" "DE_IEC_ Timer 1"
B FC_Fault[FC17] "P_Opetation” — TON & TOM
B FC Fauit NEW [FCO7] %045 Time #Operation — Tirme
- FaultEvaluation [FC20] K_Right” — 3 = U AR Right — 3¢ o [ o
4\ \Mode [FCT5] hs ET HrmaxTine — PT §—
*const_maimet— PT —_—
. " #acknowledge —
K e
36 Quick compar 4|4 Selectas Ie(’tnh]e:t : Wt HOP Acknowledgs — s
. . Compare with 'FC_Fault [FC17]* *8_Acknowledge” —
Ry Seorchnprjec cor | © NG| s e —
L
§ iD5_FB._count [0B16] 1 <] i 100% - — [<] i 100% =]
@ iDE_FE_CountADD [DE15] ‘QPruperties [Tl info | &) Diagnostics |
= !DB-FB-FW‘(EWWEUM-Q[ : ‘ General " Crossreferences H Compile H Syntax ‘l Comparison result ‘
@ iDE_FE_FaultEvalustion_3 [
= L System blocks
= [ Frogram resources ! Fath Location Message Date Time
& GerSHGnto [FE008] @  ofiine Schnittstelle Parameter FC_Fault exists only in the reference block 512/2017 4:15:55 PM
8 Fobyline [FE1133] @  offine : offine The operands "M_ComvFault’ and #MemFault are different 5i2/2017 4:15:55 PM
§ iDB_GetsMiCinfo [067] @  offine : offine The operands "const_mexTime" and #maxTime are different Si2i2017 4:15:55 Fh
< E T | @  offine : offline W1 2 R The operands "F_Operation” and #Operation are different. 5i22017 4:15:55 PM E
— @  offine: offine MW T2 N The operands "S_cknowledge" and #Acknowledge are different 5i2/2017 4:15:55 Fh
> ‘Detalls view v

Offline/Offline

To start an offline/offline detailed comparison for a block directly in the project tree, follow these

steps:

¢ Right-click the block that you want to compare. This can also be a block from a reference

project

e Select the command "Fast comparison > Select as left object” in the shortcut menu

¢ Right-click the block that you want to compare with the block that you previously selected as

left object

e Select the command "Fast comparison > Compare with <selected object>" in the shortcut
menu. "<selected object> stands for the left comparison object

Offline/Online

To start an online/offline comparison for a block directly in the project tree, follow these steps:

e Establish an online connection to the device where the block is located

e Right-click the block that you want to compare with its online object

e Select the command "Fast comparison > Compare with the online object" in the shortcut
menu

Quick compare

_h Search in project

ey, e T
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9.11. Exercise 1: Downloading a faulty program in PLC_1

T& Siemens

Froject Edit View |Insert Online Options Tools Window Help Totally Integrated Automation

5 il saveproject 2 ¥ 32 T X O T MG E B F Goonline g Go offline Eﬂ?ﬂ[ﬂ){":” PORTAL

Devices Options g
2 —
] [#| Library view £ o
=
Project library g
-jﬁm , _Backup program blocks A _
new device - = = = —
= = = e
#h Devices & networks fin U = A & E F
~ [ PLC_1[CPU 1214C DG/ b L Buttons-and-Switches 3
I Device configuration » L1 Long Functions ]
%) online & diagnostics + [L] Monitoring-and-<control-objects

+ L] pocumentation templates
- || MICROZ_Lib
¥ 5] Types
* || Master copies
w [t: 09_Chapterd
E Frogrammbausteine

- g Program blocks
K Add new block

4 OB_Cyclic [OB1
4 OB_Cyclic_Interr...
48 FC_Conveyor [FC...
48 FC_Count [FC18]
48 FC_Fault [FC17]
B FC_HMI_Sync [FC...
4 FC_Ind_Weight [F_
4 FC_Ind_Weight 5...
48 FC_Mode [FC15]
48 FC_Send [FC30]

| <] i
> | Details view

Delete program blocks

Copy new blocks from the
library

%5 Variablen
» [} Common data
4 Languages & resources

|g Properties §|ﬂ Diagnostics | » | Info (Global libraries)

v Library MICROZ_Lib wi

4 Portal view

Task
In the following exercises, you are to work with the program of the library “MICRO2_Lib". This
program fulfills the same tasks as your present project, but it contains errors which you are to
look for and eliminate in the following.

What to do

1. Backup all tag tables and program blocks in the project library, even the system blocks
Delete the tags and all blocks from the program blocks folder (even the system blocks)

3. Open the library "MICRO2_Lib".
<Drive>:\_Archive\TIA-MICROZ2[version\MICRO2_Lib.al16

4. Copy the blocks from the folder master copies > chapter_09 into the program blocks folder of
your project and the tag table in the PLC tags

5. Compile the program blocks folder and transfer (download) the software from "PLC_1" into
the CPU 1214C

TIA-MICRO2 - Troubleshooting
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9.12.

diagnostics buffer

Exercise 2: Errors detected by the system: Reading out the

Online access
~ Diagnostics
General
Diagnostic status
Cycle time
Memaory
» PROFINETinterface [X1]
¥ Functions

Diagnostics buffer

Events
[W Display CPU Time Stamps in PGIPC local time

No. Date and time Event

1 : 1i0 read access error (| address 960) in OB 235 - Processing will continue (no Oﬂ i
2 110(2012 4:52:44.917 .. 10 read access error (| address 960) in OB 235 - Processing will continue (ne 0[5 @ E
3 111012012 4:52:44.667 .. IO read access error (| address 960) in OB 235 - Processing will continue (ne O [ €

4 1/10/2012 4:52:44.417 .. IiD read access error (| address 960) in OB 235 - Processing will continue (no O[5 6

5  1/10/2012 4:52:44.167 ... Ii0 read access error (| address 960) in OB 235 - Processing will continue (no O[] 0

6 1/10/2012 4:52:43.917 . 10 read access error (| address 960) in OB 235 - Processing will continue (no O[5 0

7 1/10/20124:52:43.667 .. ll0 read access error (| address 960) in OB 235 - Processing will continue (no O 5] €@

8 1M0i2012 4:52:43.417 .. |iO read access error (| address 960) in OB 235 - Processing will continue (no Oﬂ
[<] il 1[2]

Cancel freeze

Details on event

Details on event:

of 50|

EventID: |16% 02:2542

Description: | Temporary CPU error: IO read access error (| address 960} in OB 235 A

PLC_1

affecting OB 235 execution
Incorrect address, operand replaced
Processing will continue (no OB processing)

Internal address details: Caddr=16#00000000, area: P area, addr: 7680

Help on event | |

Open in editor | | S8ve as...

Task

By reading out the diagnostics buffer, you are to find out why the ERROR-LED is flashing on the
CPU and fix the error.

What to do

Open the "Online & diagnostics" of PLC_1

Select the diagnostics buffer

1
2
3. Select (highlight) the last error message and click on "Open in editor"
4

Fix the error in the block and download it into the CPU

Result

After the error has been eliminated, the ERROR-LED on the CPU goes dark.

TIA-MICRO?2 - Troubleshooting
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9.13. Exercise 3: Testing the motor jog
*  Metwork 1: Bandmotor Tippen RECHTS
%04.0 WM302 M303 1503 B0 B S5
*P_Operation” *S_Right” "5 _Left” *M_Jog_Lock_L* B_LE *K_Right®
...
Y‘ Split editor space
horizontally
# 2 2 742 [T
i Name Address Display format Monitor value Modify value 7 Comr :'
1 "P_Operation® %0Q4.0 Bool [E] FALSE o
2 "S_Right" %M302 Boal [H] TRUE ‘.”
3 "5 _Left” %M30.3 Bool [ FALSE °
4 "M_Jog_Lock L®  %M150.3 Boal [ FALSE ";"
5 LN HEQumnnnmnnnd 7 LI et
6 S BB e B0 ERASE et ’
Task
The function "Jog conveyor motor" does not work. The combined use of the PG functions
"Monitor block" and "Watch table" (monitor tags [variables]) indicates that there must be a double
assignment at output "K_Right" (Q8.5). The task now is to find all instructions in the entire user
program that write-access this output.
What to do
1. On the touchpanel, switch off operation
Open the "FC_Conveyor" block and activate the "Monitor" test function
3. Inthe project tree, under "Watch and force tables" create a new watch table and in it monitor
the output "K_Right" (Q8.5)
4. Display the blocks editor with the opened "FC_Conveyor" and the watch table one below the
other by splitting the working area (see picture)
Interpret the different status displays of the two test functions
Localize the double assignment at output "K_Right" (Q8.5) with the help of the reference data
and correct the error
Download all modified blocks into the CPU and check how the program functions
8. Save your project
TIA-MICRO2 - Troubleshooting
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9.14. TRACE analyzer function

Trace [Installed traces]

Internal Flash m

separate CPU memory

Phiaces

B Mw_weight [%MW36]

P_Operation [%Q4.1]

B_Bay1 [%18.5]

P/Bay1 [%Q8.1]

[2]

[>] " [«]

"Trace" analyzer function

The value-over-time of one or several CPU tags (max. 16) can be stored in a TRACE. In STEP 7,

a TRACE recording can be presented graphically.

The number of traces depends on the CPU.

Depending on the CPU, internal TRACE memories with 512 Kbyte each are available.

e S7-1200 2x TRACE (FW > V4.0)
e Upto S7-1517 4x TRACE, S7-1518 8x TRACE

e A maximum of 16 Trace signals or CPU tags (variables) can be recorded per Trace

TIA-MICRO?2 - Troubleshooting
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9.14.1. Configuring a TRACE - Signals and sampling
TIA_MICRO2 » PLC 1[CPU 1214CDUDUDC] » Traces * Trace
evices nfiguration =n Diar
Devi ¥ Configurati ni Diag
e B A4 EILFS B 2SI
b Configuration:
~ ] TA_MICROZ '- Configuration
K Add new device "l .. ...'~.. m-mmm=
- Iigcgrﬁmg gpgditions, - <ignals !
o Devices & networks = - SlELS -
= p Sampling § Immmm
¥ i PLC_1 [CPU 1214C DC/DC/DC] mpm ey
- 9= .
uT Device configuration Measuremenlt‘nn devic._ Name Dats type |Address | Comment
%/ Online & diagnostics . 1 WA _Weight' || int %MVEE
» |-g! Program blocks * 2 <Add>
) ':.ﬂ Technology objects “
] External source files ,' .
.
» [g PLCtags S .
» L) PLC data types ! “
» Eglw‘atch and farce tables' ‘;
.
] l Online backups v . .
= " | * Recording conditions
~ |93 Traces . .
B Add newtrace ’l-SampHng [
5 Trace mEEm==
[
3 Measurements
,—-\E = Sample with: |'OB_Cyc|ic_\r|terrupt' |ﬂ‘ |%OB235 ‘
b LZi Combined measureme..
» r—il: Device prowy data Record every: |1 HCycIe ‘v‘ ‘0255
Max. recording duration:
[ Use max recording duration
Recording duration (a): |1EIEI ‘ | Samples ‘v‘ ‘255

Trace — Signals

All global PLC tags (variables) of an elementary data type can be recorded.

Trace — Sampling and recording duration

9-36

Here, you define how often or in which intervals the Trace signals are to be recorded. From these
sampling intervals and the data type or the dimension of the Trace signals you get the maximum
duration of a Trace recording since the memory space available for the recording is limited.

Max. memory per trace: 512 Kbytes — 30 bytes (for internal management) = 524,258 bytes
Each sample is saved with a time stamp (8 bytes).
This results in a number of bytes per sample = 8 bytes + number of bytes of a sample
(for Boolean trace signals, the number of bytes of a measured value is 1 byte)

Example: Trace with 1x INT variable and a sampling interval of 100ms

Trace signal of the data type INT -> 8+2 bytes/sample -> 52,425 possible samples
Sampling interval = 100ms -> 10 samples per second
-> maximum recording duration: 52425 samples / 10 samples per second = 5242 seconds
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9.14.2.

Configuring a TRACE - Trigger and saving measurement on device

TIA_MICRO2 » PLC_1 [CPU 1214CDCUDCTDC] » Traces » Trace

| % Configuration || Diagram

~ Configuration

Trigger "
sSignals d 'v:- 99_ L

A Recording conditions SR °

NEIEE) 4

.

Sampling _»* Trigger mode: | Trigger on tag [=]] |
Trigger" Triggertag: |'I‘.-FN_Weight' |§J |%I\~Ml'36 |
Measurements on dewc“. Event: | Within the range [+][ |
“ value: 4
W / = |00 |
g = 100 |
pt

Fre-trigger (b): |1D | |Samp|es |'| |2.Ss |

p
.
A
.
.
.
.
.
€ommrrmmmmmmeeaaaaa,

> Measurements on device (memory card)s

@ Save measurements on device (memory card)

Number of measurements: |3 lzl
Required memaory: |10 KB | Fal
L Response when number reached: | Deactivate recording |V|

Triggering the trace recording

Activating the trace recording starts the measurement and recording of the trace signals,
however, not the permanent saving of values since these are merely only temporarily saved in a
ring buffer which is continuously overwritten with new values. Only when the configured trigger
event is fulfilled, are the temporarily saved values permanently saved and no longer overwritten
with new values, whereby the trigger event is dependent on the data type of the trigger variable
The Trace recording ends as soon as the maximum recording duration configured in Trace
Sampling is reached.

By defining a pre-trigger, you determine how many of the samples recorded before the trigger
event occurs are to remain stored.

Measurement on device (memory card)

Completed measurements can be stored on the memory card in order to start a new
measurement. In the item "Measurements on device", you can define if several and, if yes, how
many measurements are to be made. In addition, you define whether the oldest measurement is
to be deleted when the set number of measurements is reached or whether no more
measurements are to be made. The measurements are stored on the memory card, if there is no
memory card, the recording stops after one measurement.

TIA-MICRO?2 - Troubleshooting
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9.14.3. Downloading a TRACE configuration into the CPU and activating it
Down/Up load Trace Observe Activate / Stop Delete Trace Automatically
in CPU/ in Project Trace recording from the device repeat recording
Lo [ \
1 = @& &=
~
B Y T T
‘ ¥ Configuration ”ﬁ Diagram L‘:‘
TdERzEO S 22 ENE
Status: Recording ||
QON YRR QQ Thzxm: A4 Ia EEEZE& B
Trace [Installed traces] :
2012 2:37:35.106 AM 2
17024 v 5
L L u
17023 | =
| s_sigert |2
- 1w E
E' 17021 ||
s g e 0 05 ‘ 5 2 75 : 3 3 75 5 55 & 65
sl [ Automatic [=]
[ T T 1 i 1 — 1
— . -
<¥ Mame Datatype  Displayformat  Address Color  Scaling ‘gr;ulpl = Min. ¥ scale Max. ¥ scale Unit Comment
1@z v "5 sliden”  word Dec | =] %o | A4 | =] 17021 17024

Transfer trace configuration to device
Add trace configuration from the device to trace configurations

After the trace has been configured offline, i.e., in the project, the configuration must be
downloaded into the CPU, since it is not the engineering tool that executed the trace but the CPU.

Only trace configurations that exist online in the CPU can be uploaded from the CPU into the
project.

Observe trace

“Observe trace” displays the status of a trace on the CPU:

e inactive (Trace already loaded in the CPU, but not yet activated)

e wait for trigger (Trace activated in the CPU, but trigger event not yet fulfilled)
e recording running (Trace activated in the CPU and recording running)

e recording completed (Trace activated in the CPU and recording already completed)

Activate recording / deactivate recording

9-38

The trace is activated with "activate recording”, that means that the measuring and recording of
the Trace signals is started immediately, even if the possibly configured trigger event is not yet
fulfilled. The recorded values are continuously displayed and stored in a ring buffer which is
continuously overwritten with new values. Only when the trigger event is fulfilled, are the recorded
values no longer overwritten and remain saved. As of this time , the recording is continued until
the maximum recording duration is reached.

Through "deactivate recording”, a trace with the status "wait for trigger" is deactivated (stopped)
or an already running recording is aborted.
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9.14.4. Evaluating, Saving, Exporting a TRACE in STEP 7

Export Trace configuration and Measurement
with the settings of the current view

Devices | ¥ Configuration ||:.j Diagram \_j
e =3 ] - n =1
k] 22|52 [ERE B oI 4|
| e="STatus : Recording c |
Add to measurements - ’ _ —
Name (offiine) Q0% YRR aq Thia ¥ =w: {4 N=dEEF & =
o Trace [Installed traces] _l‘t
» L PLC data types =
3 ';_‘1 wiatch and force tables z
» [ Online backups |
- r\‘, Traces LLI
B Add new trace I g
= Trace 7 @ g
~ [ Measurements [ e

s Trace
~ [ Measurements on device ...
~ [tz Trace 2012-01-01 20.3
8 Trace_001 2012-01.. E
28 Trace_002 2012-01...
28 Trace_003 2012-01..

e

Measurements on device
(memory card)

~ [Z Combined measurements

B Add new combined m \ | 185007 [ — S S S S S S S S —
= i H 58 6 62 64 66 68 7 72 74 76 T8 B
- & Cornbined measurem... \4{ | Combine measurements |
b i, Device proxy data <l ‘Aummat\c |"
B8 Program info J[ [ I T e [
f PLC supervisions & alarms ; L‘—‘ i 4
Z] PLC alarm text lists T
5 ,.T-‘ onli d4d < Name Datatype  Displayformat  Address Color | Scaling group Min_ ¥ scale Max ¥ scale
= Online card data
, g T e 1@ b 'asliden” ward Des %10 [ ] 18411 22777
o — U PP PP SR PP PSSR PRSI SV PN

View and evaluate trace

When an online connection exists, the trace recording currently saved in the CPU is displayed in
the diagram view of the trace editor.

You will find the measurements stored on the memory card in the "Measurements on device"
folder.

Trace recordings saved offline in the project can be looked at by double-clicking on the trace
recordings saved in the project tree in the "Measurements" folder.

Furthermore, in the "Combined measurements" folder, measurements can be simultaneously
evaluated and compared.

N
Save trace in project L=

With this function, traces saved online in the CPU can be uploaded into the offline project (Add to
measurements). A trace can only be saved in the project when it is full, or the recording has been
stopped.

=

Trace configuration —

This function exports the configuration of a trace which can then be imported into other projects.
(TTCRX-file)

Trace measurement: ﬁ

This function exports a trace recording in CSV-format which can then be further processed with
MS Excel, for example, or, in TTRCRX-format which can be imported into a TIA Portal-project.
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9.145. Trace task card

.1 PLC_1 [CPU 1513F-1 PN] » Traces » Measurements » Trace - X

Devices |iConfiguration ||ﬂDiagram ‘ Options

azes) [

k] EEICE e 3
Status: Recording completed ~ | Measuring cursor
T ° o %"'g ‘d& ‘C& 5: Q Q m&‘ Hn = Eﬂi ﬁl il . } E Haotizontal measuring cursors: ;:
» [ Technology objects :’-"9 —:
] External source files Trace [Measurements] 'I 3
b g FLCtags 1 )

1
Measurlng cursor |

v [ FLC dsta types

v [ watch and force tables LU
» [ online back E
:;‘ = R [ ertical measuring cursors: =
¥ & Traces ]
B Add new trace < 1562 970796057479 ms &
% Trace I t2:[2764.19988030319 ms ||
- [ Measurements y ==
s Trace AH—‘ Arr| 2221.21908424571 ms
- E‘- Combined measurements = s, SUBY <
‘u_ add bined Intersections with selected signal:
new combined mea...
ﬁ"‘ Combined measurement Y1) | 29765

5_slider1

3 r?’, Device proxy data | | Snapshots | a2):
£ | REgE 9 2000 3000 3000 5000
Cp PLC supervisions & alarms ms] Millisecond ﬂ‘f’:
E] PLC alarm text lists .
v [ Local modules 3 ; + | Snapshots
v [ Distributed o = . I e T wF
» r\_E' Touchpane! [TP700 Camfart] < | Name Dstatype | Displayformat | Address Color | Scaling group Narne
» % ET2005P [IM 155-6 PN ST] 1 4@ <F: v "S_Sliderl"  iord Dec m 10 -LI [~ Eremer
» B4 Ungrouped devices 2 < Bool Bin %1110 [ ]
< i ] [<] [

~

\
> | Details view gPrnperties |"_i.'.lnfn y| [%] Diagnostics m il

"Measuring cursor" pane
The "Measuring cursor" pane shows the position of the measuring cursor in the graph and the
values at the intersections.

"Snapshots" pane
The "Snapshots" pane enables the saving and restoring of different views of a measurement.

A snapshot is created from the current view in the "Diagram” tab. The snapshots are saved in the
measurement with the project.
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9.14.6. Additional exercise: Creating, viewing and saving a TRACE

_!‘E Transport

Trace [Installed traces]

1
) P_Operation [%Q4.1]

[] " [«]

I [ ] ] B_Bay1 [%5.5]
:I ’_‘ B _Bay2 [%I8.6 =
o | LA LI s

Task

When "P_Operation” (Q4.0) is switched on, the recording of the values of the variables
P_Operation, MW_Weight, B_Bayl1, B Bay2, P_Bayl, P_Bay2, S Bayl, S Bay2 K_Right and
B_LB is to be started for 60 seconds with a pre-trigger of 5 seconds and then saved in the
project.

What to do

1.

Configure trace "Transport"
Add a trace, give it the name "Transport", open the editor and switch to the "Configuration”
tab

Recorded signals: all binary signals of the automatic transport:
P_Operation, MW_Weight, B_Bayl1, B Bay2, P_Bayl, P_Bay 2, S Bayl, S _Bay2, K_Right
and B_LS

The recording clock is to be clocked by the new OB "OB_Cyclic_Interrupt". The duration of
the trace should be 60s.

Cyclic time "OB_Cyclic_Interrupt" = 250ms = 0.25s

Recording duration 60s

The recording is to be started with the start of the automatic mode with a pre-trigger of 5s

Transfer trace to the CPU and activate it
Since a start trigger was configured in the properties of the trace, recording does not start
immediately (status: Wait for trigger) - Recording waits for start of automatic transport

Observe trace and start recording
By connecting online, trace monitoring is already active. The real-time signals are displayed
in the diagram

Select the "Conveyor" screen in the Touchpanel, activate automatic mode and start several
transports to the light barrier

In the diagram, you can see the values of the trace variables graphically.
...wait until the trace is full (recording then stops automatically) or end the trace recording
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10.
11.

Save the trace in project
If the trace is full or the recording stopped, it can be saved in the project with (Add to
measurement)

View the trace recording

Save your project
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9.15. Additional information

‘

—L__/

[/

TIA-MICRO?2 - Troubleshooting
Training Document V16.00.00

9-43




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

SIMATIC

S7-1200 Advanced Course

9.15.1. Monitor block: Display formats
WCas
FC_Ind_Weight"
EM
FALSE
#edge_store_
weight == New_Weight
500
TMVE6
Modify »
Monitor A
L Cizplay format b Tag ¥ @ Automatic
WE'!;EE Mefime tan - Network b () Decimal
Rename tag... Ctrl+Shifte+T Block g e I_-|ex3-[:|ec|m-al
Rewire tag... Ctrl+5 hift+P E itk Lt S

Displaying the program status

The display of the program status is updated cyclically and displayed with colored lines.

For the display of numerical values, the display format can be selected between "Automatic”,

"Decimal”, "Hexadecimal" and "Floating point".

9-44
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9.15.2. Monitor block: Call path

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

[ ] , P
-«
Options J
PR L BRI ECIEE I EL El
FB_FaultEvaluation A | CPU operator panel
Name Data type Defoult value  Retain Accessible ... Visiblein .. | .. -
PLC_1 [CPU 1214C DCIDCIDC]
140~ Input
2 l@s  Faultsignal Boal e Moner [+] =] Il RunisTOR RUN
3 @ s Acknowledge Bool Non-retain =] =] ERROR sTop #
4 @an Flash_Freq Bool Non-etsin =] =] AT rES
5 40 ¥ Output
6 @n Display Bool false Nen-retain =) =] u
n |
= LT V|Call environment
Call path: FC_Fault[FC17] 5 @
YDB2 ->- hl’oEk‘tl‘tﬂa:‘ LLLLL . Call path: FC_Fault [FC17]
“FB_
FaultEvaluation_
DE 2* Comment
SFB20 #Stored_Fault =
B FaultEvaluation” #haultsignal  TTTRTRG ] SR #Flash_Freq #Display | Call hierarchy
—_ - 1
. ok g s 9 I { F— ‘
EMN £Edge Nermory FhLSE 0B_Cycle [0B1]-Nw3
W3 FALSE #Acknowledge -1 FC_Fault [FC17]-NW 5
"5 _Fault_3" — Fault <ignal [ e
- - 19 Open
. "{110 Open and rmonitor
S_Ackn” — Acknowledge k
UYA10.3 Define tag... Crri+Zhift+
"M_2HZ" —|Flash_Freq Rename tag... Crrl+Shifs T
Rewire tag... Cerl+Shift+P
il i S -pn i x_ Cut Crrl+X
_ilg Copy Crrl+C

Monitor with call path
By means of the function "Open and monitor”, a block is opened and directly monitored.

This determines under which conditions the program status of a block is displayed.
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10. Programming in SCL
10.1. Objectives
At the end of the chapter the participant will ...
be familiar with the application areas of SCL
be able to commission a given SCL block and expand it
Objectives
The programming language SCL is presented in this chapter.
TIA-MICRO?2 - Programming in SCL
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10.2. Task description: Storing weight values in a DB variable

Storage of the current

part weight in the array
element depending on
the Actual (quantity)

Count event
(positive edge),
e.g. for Part No.5

Actual (Welght)

—) @

h
DB_Parts

Array[1..100] INT
[1 | 187 |
[2 | 235 |
[3 | 398 |
[4 | 129 |
""" > 18 s
N R —
71 | 0 |
-~

Situation up until now

The weight values of transported parts are stored in the array variable "DB_Parts".PartWeights in

"FC_Ind_Weight" via indirect addressing using "FieldWrite".

Old weight values are overwritten with new ones when the ring buffer ("DB_Parts".PartWeights) is

rewritten.

Task description

In the first step, the function "FC_Ind_Weight" and its call in "FC_Count" is to be replaced by the
function "FC_Ind_Weight_SCL". This is copied out of the Project library and fulfills the same

function.

Subsequently, the initializing of the DB variable "DB_Parts".PartWeights is to be programmed:
As soon as the setpoint quantity equals the actual quantity and the bay pushbutton at the light
barrier bay is pressed, all array elements in "DB_Parts".PartWeights are to be overwritten with the

value "0".

TIA-MICRO2 - Programming in SCL
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10.3. Program creation in SCL
Structured Control Language as text-based structured high-level language
+ /7 Exenple FOR Structured text
SEIFOR #index := 0 70 "Border” DO Complex calculations & algorithms
, | Database operations, for example, sorting
data
8| “Speed® 1= foounter; Program code exchangeable between
[ lawo_por: S7-1200 and S7-1500 as well as between
S7-300, S7-400 and WinAC
15 // Example CASE 1
L6 CCASE $trigger OF | PLCopen
: %trlgge;— -\1;—I_|'-tL section case 1 | reusat:ilit;;
19 2..4: // Statement section case & to 4 r v leve
21 #trigger:= #trigger + 1 ; f-._ﬂo e
21 |ELSE WInAC — | 2007 2005 ] B
22 // Statement section ELSE — | DS:130of 26
2 #trigger:=0;
24 | END_CASE:
25 "speed_Control” := #urigger;
” _.£E‘.;¥'.c:igger = 0 THEN
28 '/ Statement segtion IF
31 #trigger := 1;
i1 | END_IF;
S7-SCL

SCL (Structured Control Language) is a PASCAL-similar high-level textual language. It simplifies
the programming of mathematical algorithms and complex data processing tasks for PLCs. SCL
therefore also enables S7 PLCs to be used for more complex tasks such as closed-loop control
or statistical evaluation.

SCL offers the functional scope of a high-level language such as:
e Loops

e Alternatives

e Branch distributors, etc.

combined with PLC-specific functions such as:

e Bit accesses to the I/O, bit memories, timers, counters etc.

e Access to the symbol table

e STEP 7 block accesses

Advantages of SCL

10-4

e easy to learn programming language, especially for beginners

e easy to read (understand) programs are generated

e simpler programming of complex algorithms and processing of complex data structures
e System integration in STEP7 languages such as FBD and LAD

e relatively easy for PLC technicians to understand by reference to STEP7 languages

TIA-MICRO?2 - Programming in SCL
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10.4. Comparison of LAD and SCL

Solution in LAD

w  Network 1:
#Request end
1/1
l/I {JMF}—'
w  Network 2:
Fieldwrite
Real
EN ENO
#index — INDEX MEMBER — #Store[1]
#Data — VALUE
w»  Network 3:
#index
__ reset
== { }
Dlntl {IMP
10
w  Network 4:
INC
Dint
EN ENO
#index — INJOUT
w  Network 5:
end
1
{RET)—'
... Network 6:;
reset
MOVE
EN ENO
1 —IN OUTT — #index

1 EIF #Request THEN

2 #5tore [#Index] :=#Data;
3Lk IF #Index < 10 THEN
4 #Index:=#Index+l;

5 ELSE #Index:=1;

6 END IF;

7| END IF;

Solution in SCL

Comparison

The use of SCL is recommended for data processing and the programming of complex,
mathematical functions. In the example shown, data is stored in an array variable using indirect
addressing. It is obvious that the program code of the SCL solution is significantly more compact

than the code in LAD or FBD.
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10.4.1. Comparison of different programming languages

Solution in STL
for S7-300/400
L #eightStore. Act_No
S T aves I Solution in FBD for S7-1200/1500
3T #HeightStore. Act_No
T $part_no ADD
Auto (Int
. . o (Int)
o= EN
. . #Weightste #Weightsto
SO|Ut|0n in STL re_Act_No N1 ouT re_Act_No
for S7-1500 T— Nz 3 ENO —
2 1l L #WeightStore. Act No
3 2+ 1 MOVE
L fpazt no 3T #deightStore. Act Mo .—EN
. i, = ' @i #Weightsto s QUTI — #part_no
L F§z2.0 N re_Act_No 1} ENO —
] 4D L $ieight
L P#4.0 INT $HeightStore.Part_Weight [#part_no]
+D FieldWite
TAR Int
ds, 40 o #Weightsto
22 T #E.J..n.. .= EN re Fart_
23 L #Height #part no Weight[1]
T DBW [ #point) P - INDEX MEMEER
#Weight — VALUE ENO —

Comparison

Compared to other programming languages, the programming is simple, compact and easy to
understand.

TIA-MICRO?2 - Programming in SCL
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10.5. Creating a new SCL block

Add new block X

Name:
|FC_ind_wieight_scL |

be programmed in
SCL

Functions zre code blocks or subroutines without dedicated memaory.

-------- 1
D meuege M
. e LR e
£ o T
oB !
Organization |n OManuaI
block . () Automatic
=mrinniaet
n
All code blocks can '
: Descriptior:
n
1
L]
1

#

Function

> | Additional information

[ Add new and open oK 1 | Cancel

Creating an SCL block

SCL blocks are inserted in the same manner as blocks in the programming languages
LAD/FBD/STL. Depending on the task, SCL blocks can be of the FC or FB block type.

Even the internal structure in the declaration and statement section is identical to the
LAD/FBD/STL blocks:

e Declaration Section:
The IN, OUT and INOUT parameters as well as the local temporary and local static variables
of the block are declared in the declaration section of a block.

e Statement Section:
The statement section contains the instructions that are executed after a logic block (OB, FB,
FC) is called. These instructions are used to process data and operands.

In SCL blocks, the interface can also be shown as textual interface. For this the standard for new
blocks must be changed from table view to textual view in the settings (Options > Settings > PLC
programming > SCL).

Note
In programming instructions, the following points must be taken into consideration:
e Each instruction must be completed with a semicolon.

o All identifiers (names) used in the statement section must be declared.

TIA-MICRO2 - Programming in SCL
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10.6.

Editing an SCL block

..-1500 [CPU 1513F-1 PN] » Program blocks » FC_\Weight_SCL[FC38] — i EX
Devices Options 35
5 H s B c@atf Coe@=P cEaRG | w0
FC_Weight_SCL b3 ‘Favurites E
48 FC_Mode [FC15] Hame Dats ty) - C v oy q g
i A Basic instructions El
4 FC_Signal [FC14] 1 <l b Input Same interface as in [~ Na‘me 4
& FC_liteight_FED [FC36 2 b Output LAD/FBD/STL s o count Z =
N < ” 1 | 3 +1 Lounter operations g
R TR T 16 Master copies for =
Networks =i - SE... FOR... WHILE.. . 4
m) '+ .JJ I CGR Toba. ‘sa.. (1 FEBON control operation g
. v B Mumber of pi... =
| DB_FE_Fault_even .. o0 EiEes 15 structure! =)
§ DE_FE_Fault_uneve... ] 16 |Em_RESION = - | |
S ¥ 2 store the cur... 17 ~ 5% Program control operations =
@ DB_FB_Sequence [D... -0 . i 4
@ D5_iteron (061 Actho even? 19 FIREGION store the current weight in WeightStore scL .. THEN ... 3
S * D Initialice Wei.. » 19 sct IF ... THEN ... ELSE ... @»
|§ DE_OF[DBYY] . ) - =
Z0 = IF #full = false AND #Newlleight = true THEN sCL IF ... THEN ... ELSIF ...
Al i f»‘ 21 #remp PartNo := #eightitore.hotlo; SCLCASE . OF . I
V|Detailsview % 22 #leightstore. Aoto += Lr L FOR.TO DO . Ll
LIN[s3 #ileightitore. PartWeight[#tenp Parthio] := |= s FOR . TO . BY .. DO g
N _ LBY ..DO .. g
|28,  FD_IF: Automatic ScLWHILE .. DO . S
“ indentation of scu REPEAT ... LINTIL 3
26 | BYD_REGION - - :
Name Oftset 27 * statement sections scL CONTINUE
[ Coma | 26 EIREGION Aetlio evens scLEXIT
<@ b GET_ERROR / ? "DE_Memory”. Hunber_evenfREifip g FYtai(aiE> (1 H Z“Il
@ Awdop &D\'Op \/ 30 | END_REGION ) ‘Extended instructions
< WeightStoreFull D\-ag 3l
g~ 32 EREGION Initialice Weightitore ~|? ‘T‘!Chnﬂhgy
L< L | <ful 100% r e b} ‘C ication

Statement Section

Note

The statement section contains the instructions that are executed after a code (logic) block (OB,
FB, FC) is called. These instructions are used to process data and operands.

Subdivision
The individual instructions can basically be divided into three groups:

e Value assignments:
— They are used to assign an expression or a value to a variable.

e Control instructions:
— They are used to branch within a program or to repeat groups of instructions.

e Subroutine call:
— They are used to process functions and function blocks.

In programming instructions, the following points must be taken into consideration:
e Each instruction must be completed with a semicolon.

o All identifiers (names) used in the statement section must be declared.

Using Regions as Networks:

10-8

e Code structuring
e Greater clarity & readability
e Easy navigation even in large blocks

e In addition, there is a synchronized navigation column including the display of syntax errors..
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10.6.1. Operators

Logic operation Description Operator

Assignment

Parenthesis

Binary logic operation

Comparison

Expressions

Expressions consist of operands, operators and round brackets (parenthesis). Within an
expression the operators (e.g. +, -, *, /, etc.), that is, the active components of an expression, are
linked with the passive elements, such as constants, variables and function values, in order to
form a new value. An expression therefore stands for the value it represents. SCL permits the
formation of standard expressions, that is, mathematical, logical and comparative expressions.
Variables from data blocks, arrays, structures and CPU memory areas (inputs, outputs, etc.) can
be enlisted for the formation.

Operators and Operands

Expressions consist of operators and operands. Most SCL operators link two operands
(e.g. A + B) and are therefore termed binary operators. The others work with only one operand
and are thus called unary operators.

The result of an expression can
e be assigned to a variable (e.g. A:=B + C;)
e be used as a condition for a control statement (e.g. IF A< B DO ...)
e be used as an actual parameter for the call of a function or a function block
(e.g. FB20 (Input := A + B))
Value Assignments

With their help, variables can be assigned new values. The old variable value is lost.

TIA-MICRO?2 - Programming in SCL
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10.6.2. Control structures

Keyword Functionality

Program branching

Program loops
(Abort possible)

Loop aborts

Block abort

Control instructions
These are used for changing the sequence in which the instructions are normally processed.

A choice from the various alternatives in the program execution can be made with conditional
instructions (IF and CASE instructions).

Loop instructions (FOR, WHILE and REPEAT instructions) are used to repeatedly execute
instructions.

Jump instructions (CONTINUE, EXIT and GOTO instructions) permit the sequence of processing
to be interrupted and to jump to a resumption point.

FB and FC Calls:

According to the principle of structured programming, other function blocks and functions can also
be called from an SCL block.

Callable blocks are:

e Functions and function blocks that were created in SCL or in another STEP 7 language (STL,
LAD, etc.)

e Standard functions and standard function blocks that are supplied with SCL

e Instructions with and without instance

TIA-MICRO?2 - Programming in SCL
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10.6.3. Direct addressing (examples)

Examples

Absolute
Addressing

Symbolic
Addressing

Absolute addressing

The instruction part of a block describes the actions to be executed with local operands
(parameters or local variables) or global variables (PLC tag or variable in a global data block).
The global variables can be addressed absolutely or symbolically.

The absolute addressing for SCL corresponds to that for the basic languages (LAD and FBD).
Access to global data operands in SCL is only completely addressed. Inputs and outputs are
automatically given a symbolic name (e.g. "Tag_4") after input.

Note, that for SCL, there can be no separator (space or tabulator) between the operand
notation and the operand address.

Symbolic addressing

Symbolic addressing addresses operands and variables with a name. The name is assigned in
the symbol table for global data; for local data it is assigned in the declaration section of the
block. The symbolic addressing for SCL corresponds to that of the basic languages.

TIA-MICRO?2 - Programming in SCL
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10.6.4. Indirect addressing (examples)

Instruction Examples

Indirect
Addressing

WORD PEEK_WORD

DWORD PEEK_DWORD

LWORD PEEK_LWORD

Indexed
Access

Indirect addressing
The instructions PEEK (reading) and POKE (writing) are used for indirect addressing.

Memory_area, DB_Number, Byte addr and Bit_addr are constants or, at runtime, changeable
variables or expressions.

The following operand areas (area) can be addressed in this way:

e 16#81: Input

o 16#82: Output

e 16#83: Memory hit

e 16#84: DB

e 16#1: Peripheral input (only S7-1500)

If the memory area is not 16#84, then the DB_Number must be specified with 0.

Example Poke_BLK

POKE_BLK(AREA_SRC :="Tag_Source_Area", //Memory area Source
DBNUMBER_SRC :="Tag_Source_DBNumber", //DB-Number Source
BYTEOFFSET_SRC := "Tag_Source_Byte"), //[Byte humber Source
AREA DEST :="Tag_Destination_Area", /[l Memory area Destination
DBNUMBER_DEST := "Tag_Destination_DBNumber", //DB-Number Destination
BYTEOFFSET_DEST :="Tag_Destination_Byte", //Byte number Destination
COUNT :="Tag_Count"); //INumber of bytes

Array Elements

Array elements can be addressed with a variable Index at runtime.

TIA-MICRO?2 - Programming in SCL
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10.6.5. Block calls in SCL

17
« ‘ \ "DE_FE99"
:u

"FC_Firstward" "FE_StringWard"
—Ell " " Words — "DE_Test" Words
- [DE_Test"
Firstward .—EN

"DE_Test" Firstiiord "DB_Test".no_of_
n "DE_Test". Me_of_Wards — words

Sentence Sentence ENOD

w Sentence Sentence ENOD

{

1
N 2 ["DB_FE99" (Sentence:="DE_Test". Jentence,
10 E"FC_FirstiWord”(Zentence:="DE_Test".3entence, 3 Words=>"DB Test”.Words
11 Firstlord=:"DB_Test”. Firatiord) : - ' !
12 4 No_of_Words=>"DE_Test".no_of_words):
5

N\ 8

Calling an SCL block

Depending on the task, SCL blocks can be created as FC or FB. According to the principle of
structured programming, other function blocks, functions as well as instructions with and without
instance can also be called from an SCL block. In that way, other functions and function blocks
that were created in SCL or in another STEP 7 language (STL, LAD, etc.) can be called.

Callable blocks are:

e Other functions and function blocks that were created in SCL or in another STEP7 language
(FBD, LD, and so on)

e Simple and advanced instructions
e technology objects

e communication blocks

Display of an FB call
For an FB call, only the instance is displayed. If you hover the mouse pointer over the instance, a
tooltip displays the relevant FB.

Note

When a function which supplies a return value (RET_VAL) is called, this return value must be
stored in an operand

<Operand>:=<Function name> (Parameter list);

TIA-MICRO2 - Programming in SCL
Training Document V16.00.00 10-13



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

SIMATIC S7-1200 Advanced Course

10.6.6. Monitoring an SCL block

1 //No OF parts in the #Weight3tore K K

P When a variable is selected, the

3  #Act_No := #WeightStore.Act No: value is displayed in the t00|tip

4  #Max No := §WeightStore.Max No; |3 #Hax_ Ho 10

5

6 4 Always the result of the

7 f/WeighStore full? instruction

g8 //

9 CIF #eightitore. At No >= #3etp No THEN 4 Result FALSE

10 #full:=true; ) #weightStore Act_No= 2 #full

11 ELSE #full:=false; #full FALSE

1z |END_IF:

13

14 s/ . .

15 //Increase Act_No and store the current weight in Weightitore Not executed instructions are greyed-OUt

e /7

17 ®IF #full=false AN ... THEN ... END_IF; Result FALSE

22 A

el | Display all values of the instruction

24 //Initialice WeightStore

25 M/

26 HIF #Init THEN - Resulc TRUE
#Inic TRUE

27 #ileightitore.Act_No:=0; #Weightitore. Act_HNo 0

28 FOR gcount := 1 TO #WeightStore.Max No DO 3 #count 1

29 #TJIeightSt,ore.PartLUeight[#count]:= 0; 3 #ifeightStore. Part Weight [1] ]

S0 | END_FOR When the line is selected, the values I_/ RCOUIL L

31 |END_IF: :

- are presented In a popup

Monitoring an SCL block

Just as in LAD/FBD/STL, SCL blocks can be monitored. All values of control operation
instructions are displayed when these are "opened and revealed".

The values of not executed instructions are grayed out.

Special Features of Selected Variables

¢ Inthe online mode, a Tooltip displays the value of the variable.

e The value of IN-OUT variables is displayed before and after the call of the function.

10-14
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10.7. Task description: Commissioning an SCL block and expanding

It
Program blocks Project library
7 FC_|nd__!We'i'éht //_A‘ Call is replaced
— ,-"" Same program function as
"FC_Ind_Weight"
. " '_|
4' \
- _ /] FC_Ind_Weight_SCL |
FC_Ind_Weight_SCL | — ]

Situation up until now

The weight values of transported parts are stored in the array variable "DB_Parts".Part_Weight in
"FC_Ind_Weight" via indirect addressing using "FieldWrite".

Old weight values are overwritten with new ones when the ring buffer ("DB_Parts".Part_Weight) is
rewritten.

Task description

In the first step, the function "FC_Ind_Weight" and its call in "FC_Count" is to be replaced by the
function "FC_Ind_Weight_SCL". This is copied out of the Project library and fulfills the same
function.

Subsequently, the initializing of the DB variable "DB_Parts".PartWeights is to be programmed:

As soon as the setpoint quantity equals the actual quantity and the bay pushbutton at the light
barrier bay is pressed, all array elements in "DB_Parts".PartWeights are to be overwritten with the
value "0".

TIA-MICRO2 - Programming in SCL
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10.7.1. Exercise 1: Copying an SCL block from the project library

74 Siemens - D:\Courses\My_ProjectiMy_Project

Project Edit View Insert Online Options Tools Window Help

5 (] saveprojer 2 M 3= o X S E: 5 [0G B # coonline ¥ &o oiffine 4 PORTAL

Devices Options _%_
. - p -
Ef«X-] [#] Library view [£] = i
~ | Project library g
¥ |1 My_Project j ﬂ 3 ﬁ
"Add.new device 0[] Project library =
iy Devices & networks g =
= » (S Types =
~ [ PLC_1 [CPU 1214C DODCIDC] - ) E
[lf Devi p i w L[| Master copies z
E\':ICE con. 2T |.on 4 FB_Turntable
%/ Online & diagnostics ||

E 3FC_Ind_weight_sCL
» %] Blocks ch_o9

~ gl Program blocks
B¢ Add new block
4 OB_Cycle [OB1]
4 OB_Cyclic_interrupt [
& FC_ConvMotor [FC16]
48 FC_Count [FC18]
48 FC_Fault [FC17]
48 FC_Ind_Weight [FC35]
4 FC_Indicate [FC14]
48 FC_Mode [FC15]
48 FC_Send [FC30]
@ DB_HMI_sync [DB11]

< w D]

w | Global libraries
e E
» |Info (Project library)

|§ Properties H:xl Info d) H A Diagnostics

¥ The projec

Task

Using drag & drop, copy the function "FC_Ind_Weight_SCL" from the project library into the
program blocks folder of "PLC1".

TIA-MICRO?2 - Programming in SCL
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10.7.2. Exercise 2: Commissioning the SCL block

FC_Count

» Network 1: Count parts, Actual = Setpoint?

*  Network 2: Store teh current weight in DE_Farts

WC35
FC_Ind_Weight”
EN ENO ——
#edge_store_ "DB_Parts".
weight — Mew_Weight Weightstare.
— Weight_Store Teile_Gewicht
"MW Weight” — Actual_Weight
"DB_Farts".
— WeightStore.

actualMo Part No

Replace the call of "FC_Ind_Weight" in "FC_Count" with "FC_Ind_Weight_SCL".

Task

What to do
1
2
3.
4

Result

The program behaves just as before: The weight values are written in the array variable
"DB_Parts".PartWeights according to the actual quantity. Old values are overwritten with new

Open "FC_Count"
Replace the call of "FC_Ind_Weight" with "FC_Ind_Weight SCL"
Save your project and transfer the entire program into the CPU

Monitor "DB_Parts" and produce at least (setpoint quantity) parts

ones as soon as the ring buffer is full.

TIA-MICRO2 - Programming in SCL
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10.7.3. Exercise 3: Expanding "FC_Ind_Weight_SCL"

FC _Ind_Weight SCL

: 2 BIF $New_Weight THEN // if #New Weight=TRUE, then...

E 3 #Weight_ Store[#Part_No] :=#Actual_Weight; i . .#hotual Weight will be wri
Y {/«..t0 element with number $F
— & | END_IF
:. TETE .#.I.n.i.:. o .E.N.,'.,'. = .#-I-:.i.:.;:.:. Ll e e L EELEELLEEES .
E’__' FOR #index := 1 TO 100 DO f...#index is increased by 1 by ever loop .. E
Ll #Weight Store[#index] := 0; //...0 ist writt H
E’_: #7...the element with number #index E
L3 END FOR; .
w4 |END IF :

Task
You are now to program the initialization of the DB variable "DB_Parts".PartWeights:
As soon as the actual quantity equals the setpoint quantity and the bay pushbutton at the light
barrier bay ("S_BayLB") is pressed, all array elements in "DB_Parts".PartWeights are to be
overwritten with the value "0".

What to do

Open "FC_Ind_Weight_SCL"
Declare the input parameter "init" of type BOOL
Declare the temporary variable "index" of type INT

Make the changes to the program code as shown in the picture

o~ w N

Save your project

Operating Principle
With the first IF statement instruction, it is checked whether a new weight is to be stored. All
values are stored in the OUT-Array-Variable "Weight_Store" with the Index "Part_No".

In the second IF statement instruction, it is checked whether an initialization is to be executed. If
this is the case, a For-loop with 100 executions is started. In every execution, one array element
in “Weight_Store" is overwritten with "0". The loop counter is automatically increased.

TIA-MICRO?2 - Programming in SCL
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10.7.4. Exercise 4: Updating and assigning the block call

¥  Network 2: [5T-5tiickzahl an

.” - == - ik S
¢ .’Iau)(_ll'llt—:mt

~ -
# eag.e_'kfbr%_-

UFC36
FC_Ind_Weight_SCL"

%340
*P_Operation® P_TRIG
— —cx Q R
W18
. P "DE_Parts”.
M_Mode(18) WeightStore.
Le" - . setpointho PV
%M18.4 %8 4 ¢ .
"M_ACT=SET "5_BaylB" #aux_init ‘.
] | ] | i }
1T 1T 1 .
. .
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Task
Due to the changes in the block interface, the call of "FC_Ind_Weight_SCL" in "FC_Count" must
be updated.
The initialization of the DB is always to happen when the message "SETP=ACT" is pending and
the bay pushbutton on the light barrier ("S_Bay-LB") is pressed.

What to Do

1. Open"FC_Count"

2. Update the call of "FC_Ind_Weight_SCL" (FC36)
Right-click on "FC_Ind_Weight_SCL" - Update - OK

Assign a positive signal edge to the input "init" as shown in the picture
4. Save your project and transfer the modified user program into the CPU

Monitor "DB_Parts" and produce at least (setpoint quantity) parts in order to determine
whether the DB is initialized when the init condition is fulfilled

TIA-MICRO2 - Programming in SCL

Training Document V16.00.00 10-19



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

SIMATIC S7-1200 Advanced Course

Contents 1 1

11, TrainNing @nd SUPPOIT .eueu ettt e e e e e e et e e e e e e e eeeaeaanaaeeeeeaees 11-2
11.1. Any Questions on our Training Courses Offered??........ccovvviiiiiieei e 11-3
11.2. WWW.SIEMENS.COM/SIEIAIN ...oeiiiiiiiiic ittt enes 11-4
11.3. Learning path: SIMATIC S7 Prgramming in the TIA Portal ..........ccccciiiiiiiiiiee, 11-6
11.4. Download the training dOCUMENTS........coiiiiiiiiiiie e 11-7
11.5. The Industry Online Support — the most important iINNOVAtioNS...........cc.vveeeeeeeiiiiiiiiieeeeenn 11-8
11.6. The Principle of NAVIGAtION .........cooiiiiiiie e e e 11-9
11.7. Complete product INFOrMALION.............eiiiiiiiiie e 11-10
11.8. MY SUPPOIT — OVEIVIEW .....eeiiiieee ittt e ettt e e e e e s et e ee e e e e s aasbbbe e e e e e e e e snnbbaeeaaaeesannnrens 11-11
11.9. YU ] oo L= 0 U= 2] 11-12
0 0 TR W T o Yo | o A =0 U= 11-13
11.11.  Industry Online SUPPOrt — WhEIEVET YOU QO .....uuvvririreeeieiiiiiiieeeeeesssenieeeneeeessesnnseeeraeeseenns 11-14
11.11.1. Scanning ProdUC/EAN COUE.......ccciiiiiiiieiie e e e ettt e e s s s e e e e s e s st e e e e e s s nnanreeeeaeeeeanns 11-15
11.11.2. SCAN fUNCHONGAIILY ... .eevieee st ee e st s e e e e e e e s e e e e s e ssssne e e e e e e e s snnrnnneneeeeenanns 11-16
11.12. Forum - the communication platform for Siemens Industry products..............cccccvvveeeeennn. 11-17
11.12.1. Conferences and FOrum ManagemMENT ..........coiuuuuiiiiieeie it tiit e e e eiibeeee e e e e e s e saabeeeaaaeeeaan 11-17
11.12.2. INteractions in the FOTUM .........oiiiii e 11-19
11.13.  Task and CheCKPOINt ..........euuiiiiiiiee et e e e e e e e e e e e s abbbeeeaaaeeeaan 11-21

TIA-MICRO2 - Training and Support
Training Document, V16.00.00 11-1



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

SIMATIC S7-1200 Advanced Course

11. Training and Support

Searching for product information
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11.1. Any Questions on our Training Courses Offered??

We’'ll help you!

.. on the Internet:

WWW.siemens.com/sitrain

or with e-mail:
nfo@s in.com

A

General Information

We'll be glad to help you regarding any questions on our training courses offered.

TIA-MICRO2 - Training and Support
Training Document, V16.00.00
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11.2.

www.siemens.com/sitrain

SIEMENS

SITRAIN - Training for Industry

Wb traned smplyess are 8 crucial

B0 ape KnGwitdge Maks SoMpa

By company's success. Sl Gavslopment

% it I8 Condutted By CeMiied expens wilh &xtentive RANGI-h Experince
Prachosl Exertisd on spscialy Seveloped nng suipment B high-cusky tourss

Sacumenttion ensune suctessiul aming

Drive Technology

» Dibvn Tchrodogy

Energy

AN N

Industrial Autemation

SIMATIC 5T 30400, S 00, Tia Portal
SINUMERIK. HML, PROFINET ana

» bl Autoration.

Building Technologies

TRAM infarmation
¥ SITRAIN workd
2 Fipts s indormattion
» Entrance fesis

> SITRAIN Geneesl Terms and Conons

For quesaans dunog the (EpaTaRon Erocess piease cal
cur tourse ofice!

Ted: wip 95 7575

(2 sinin de@kemens.com

Uner Guide
> Duide lox regisiention (POF, 392 KE]
» Guate fof bocking process (FOF. 845 KB

3 Guids for bocking rocess for ohers (FOF, 1095
w8}

The complete range of courses offered can be accessed via the following links:

www.siemens.de/sitrain or

www.siemens.com/sitrain

Course Search

The course search permits the user to find the required courses by applying different search
filters such as keyword, target group, etc. The filters can also be combined.

Course Catalog

11-4

The course catalog permits you to find the required course via learning paths or via the Siemens

Mall structure.
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Top Links

Various courses, e.g. SIMATIC S7-1500 solution line, etc., can be reached directly via the top

links.

@ I » Home > Industrial Automation > Auvtomation Systems  » SIMATIC Industrial Automation Systems I

SIMATIC Industrial Automation Systems

Congzistent and efficient

A centerpiece of our comprehensive range of

products and services for industrial automation
iz SIMATIC, a unique, consistent system of
first-class products for every field of
application, in all indusiries. Regardless of
whether it's manufacturing and process
automation or solutions for infrastructure tasks:
with SIMATIC we make an important
contribution toward improving your productivity.

SITRAIM has a portfolio of training courses that are perfectly matched to your requirements

and your plants lifecycle.

SIMATIC 57 TIA Portal

» On the path to the digital enterprise - discover
your potential with training courses for SIMATIC
S7-1500 training in the TLA Portal

SIMATIC TIA Ubersicht

SIMATIC 57 Programming in the TlA Portal
SIMATIC 57 Service Training in the TLA Portal
SIMATIC Safety Integrated in the TLA Portal
SIMATIC 57 Engineering Toolz in the TIA Portal
SIMATIC Technology im T1A Portal

SIMATIC 57-1200

R L L S

TIA-MICRO?2 - Training and Support
Training Document, V16.00.00

SIMATIC 57-300/-400 with STEP 7 W5.x

» SIMATIC 57 Trainings bazed on SIMATIC 57-
300V-400 with STEP 7 W5.x

» SIMATIC 57 Programming based on STEP 7 Wox
» SIMATIC 57 Service Training based on STEP 7 Wox
» SIMATIC Safety Integrated based on STEP 7 WVox

» SIMATIC 57 Engineering Tools based on STEP 7
WK

» SIMATIC Technology based on STEP 7 W5.x
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11.3.

Learning path: SIMATIC S7 Prgramming in the TIA Portal

C 57-1200 advanced

11-6
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11.4.

Download the training documents

SIEMENS

o
."E{-;j

Register with you

r access data

» My Dutn
> Mewsletier
3 My Aggraval
W cur gisally
- e pracesl

SITRAIN infoematicn

> SITRA

“‘5 \
> SITRAIN Garsral Teerss ad Condbioes

Industrial Automation

Drive Technology

course.

Chose "History" after the I_\

Curent Trainings

Histary

| 11
| Download your documents |

Compieted fraining courses

s e alrmacy b thas

Chose the course

|

Training Title I} Type Siani Dutes

Durasion  Complete by- Coumtry ity

Hannover . en EuR

» Downiosd documents.

> Download cenric st of
particigaton

If you want to download the training documents, proceed as follows:

e Visit our new SITRAIN homepage at http://www.siemens.de/sitrain
e Register with your access data under the menu option MyTraining.
e Select MyLearning on the right-hand side of the submenu.

e Select your course and download your documents with a click on "Download documents”.

Documents &
Name Size
> SIMATIC S7 Sequence Control with ... 18,47 MB

Hint:

Please note that the training documents may be used for personal purposes exclusively. You
agree that you will not copy the training documents or make them accessible to third parties and
that you will be liable for any damage resulting thereof.

TIA-MICRO2 - Training and Support
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11.5.

®

The Industry Online Support —the most important innovations

g for product

This is bow you get quick and easy current informeat
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ProductArticie No.

Quick guide

& Topst pages
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> Manual
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+ Training (SITRAIN)

Our service offer

» Dugtal Soraces

¥ Trisning Senates

* Supeon & Consulting Senvices
» Spare Part Services

¥ Baovce Frograms & AQreamants
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mvnsriinir ny R el verssedk s

REE ® 1P

Thi TIA Portal topic page is with more than 10,000 cicks per
manth ore of the most pepoiar web offerings in the Onine
Suppor. Here you will find all Imponans imformation and
CORETBUONS 10 thay TIA Fortal

2 wwew SRmens. comioninesupoonSaportal

Industry Online Support for anywhara!

Thas rebow virsion (8. 3) 0 curr Indlusary ning Suppon app i
instantty ready for downioad

This is Where o ¢80 find mose information and the cownioad
# gl nee

B
mySupport Cockplt

¥ Favortes

» Perscnal messages

¥ My negquests

3 CAX Sowninads

* My Products / Cloboard
[#] User online [68)

Useful functions in the Online Support
(videos)

aricus videos show you e imecriant functions of the Oniing
Suppor
3

[T
-

- Indridual nolifications (Newsketier)
- Efciant search

- Canling SUppat Ao

& mane

Social Media
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The most important functions are always in the same place on all the pages:

The menu bar links to the main areas of the site. You can subscribe and register at any time to

benefit from the features the personalized mySupport option offers.

Links to our service offerings are in the center. On the start page, you will find up-to-date
information and links, which quickly brings you to your destination in other areas of Online

Support.

Links from the menu bar are repeated at the top of the page: Product Support, Services, Forum

and mySupport.

On every page, you will find your personal mySupport cockpit. There, for example, you can see

when the status of your support inquiry changes.

TIA-MICRO?2 - Training and Support
Training Document, V16.00.00




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

SIMATIC S7-1200 Advanced Course

11.6. The Principle of Navigation

Fitlur criteria for entrbes
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B My tags

{6 User crline {31)

All information on Standard-CPUs

] Pressies kit
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& Supeor

[ g s

Here, you will find information about all the current and discontinued products, such as:

e Frequently Asked Questions (FAQ)
e Manuals and Operating Instructions

e Downloads

e Product Notes (product announcements, discontinuation, etc.)

e Certificates
e Characteristics

e Application Examples

You will not only be able to access these articles though the product tree, but also through a
central filter bar. The integration of various search filters will give you access to relevant

information after only a few clicks. The product tree has been moved to an equivalent filter. This

has the effect that several filter steps can be combined clearly and comprehensibly.

Based on the preview numbers you can see the expected set of results before using a filter. This
makes finding relevant information considerably easier and more efficient.

For example, you can customize your search by combining the product tree, a search keyword

and a document type in your search.

There will be no hidden search parameters; all the settings and results will be clearly displayed.

TIA-MICRO2 - Training and Support
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11.7.

Complete product information

e ;?"‘2‘ 4 Search in Delia 5

Fitlur criteria for entrbes

W) AN Products () My Products
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A powerful function of the Industry Online Support is the direct access to complete product
information. You can use it if you are looking for a quick and easy access to all the technical
information about a Siemens Industry product. For example, for comparing products, if you are
expanding your system or replacing individual components, this is how to do it:

In the Product Support area, there is the central navigation bar.

To select a product, simply select the filter “Product.” Enter an order number or a product name
here. You will be supported by a dynamic display of suitable products (list of suggestions).

One more click and the details of the selected product will be displayed — always up to date:

e Product life cycle, consisting of milestones with dates (e.g. delivery release, discontinuation of
the product, ...). You will find out whether the selected product is a current product or whether

the product is already in the discontinuati

on phase.

e Successor products for discontinued products and new developments will be suggested. If
there is a successor product, you will get a direct link to the product information of this

product.

e Technical data — clear, compact and complete. You get all the available technical data
concerning the selected product here — dimensions, operating voltage or the number of

inputs/outputs, etc.

TIA-MICRO?2 - Training and Support
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11.8.

mySupport — Overview

Navipanon

Welcome to mySupport

Partonal mistages
[ Reguests Aith “Miy SUPEOI, YoUr Perscnal work area. you are
Products

Notuficatons

Filter D
5] User online (85} 1§

Documentation
Perzonal data
CAxdata

[ Extranets

mySupport

The mySupport area will always remain your personal workplace; with this feature you can make
the best of your Industry Online Support experience.

The most important thing, if you're already working with mySupport, you can take all your
previous personal data and information you've filed away with you to the Industry Online Support.

In this area, you can compile the information that is important for your daily work — we provide
you with the suitable tools. Create your own folder structures and file information such as
bookmarks. There are numerous options, whether you want to file items by project or by
products.

Moreover, you can now add notes, comments and tags (keywords). The system automatically
creates a “Tag Cloud” based on your entries so you can access information quickly and easily by
means of your own terms. The operation is consistent throughout mySupport so that you will
easily find your way around. “Drag &drop” is also possible.

As soon as you are logged on, the mySupport cockpit is always at your side. It will immediately
show you when the status of a support request changes, or when you receive new personal
messages. You also have direct access to your personal keywords in the tag cloud, to the entries
last visited, and you can see which user is online.

Here, just a few highlights:

e The previous MyDocumentationManager is now completely integrated into mySupport under
the name of “mySupport-Documentation.” The function category “Documentation” contains all
the functions of the MyDocumentationManager and provides a few innovations, too.

e The Service & Support Newsletter has been completely revamped. An individual messaging
system will more than replace it.

TIA-MICRO2 - Training and Support
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11.9. Support Request

1 Creating request via Support Request
- What kind of product is it?
- Selection of application case, details and any necessary file attachments (max 10 MB)
- Your contact data

[— g_/ 2 Acknowledgement
=== of receipt
Customer via email with SR number Technical Support
—— — \
3 Making contact
\ Through experts /

Support Request
To create a Support Request, different options are available to you in Online Support:
e You will find the "Support Request" option in the menu on all Online Support pages.
e Alternatively, you can create a new request in mySupport in the "Requests" category.
e Ordirectly click on the following link:

http://www.siemens.com/automation/support-request

Tips for creating a request:

e Select your product and use case as accurately as possible; try to avoid selecting "Other". By
doing so, you ensure optimum support by our experts and appropriate suggested solutions.

e Did other users have a similar problem? This step already offers frequent problems and
solutions. Take a look — it will be worth your while!

e Describe your problem with as much detail as possible. Pictures or explanatory attachments
allow our experts to consider your problem from all sides and develop solutions. You can
upload multiple attachments up to 10 MB per file.

e Before each sending, verify your personal contact information and the data you have entered.
The final step additionally offers the option to print the summary.

As a logged in user, you can track the status of your requests online. To do so, navigate to "My
requests” in the "Requests" category in mySupport.

TIA-MICRO?2 - Training and Support
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11.10. Support Request

» ¥4 Industry Online Support  » Language » Contact » Help » Support Request » Sit
» Home > mySupport » Requests 3 Produg|
Navigation 1 My requests
Personal messages Search in "My requests”
El Roquests for | |
01 Overview a Status | Everything v
> Create new reguest
Products » Actions 3= New request [ Show details...
. .
Al ltems per page: 10 | 20 | 30 )l< 111> |
Filter
Favorites [1 SR number Product and subject Status Created on
Tagging [ 1-3871916175 STEPT Professional V13 Closed 21202015 8:49 AM
Entries last viewed Show details.
Documentation ‘ (= Addnote
Personal data
= . Iltems per page: 10 | 20 | 30 Kl < [1] >
CAx data
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11.11. Industry Online Support —wherever you go

Mobile access to more than 300,000 entries on
all Siemens Industry products

Reduced to the essential functions

Application case: initial diagnosis of problem or
in case of failures directly at the system or
machine

technical information

The app supports you, for example, in the following fields:

Problem solving during the implementation of a project
Troubleshooting of failures

Expanding or restructuring your system

It also provides you with access to the Technical Forum and to further entries created for you by
our experts:

FAQs

Application examples
Manuals

Certificates

Product notes and many others

The main functions at a glance:

11-14

Scan your product codes / EAN codes for a direct display of all technical and graphic data
(e.g. CAx data) about your Siemens Industry product.

Send your product information or entries per e-mail in order to process the information directly
at the workstation.

Send your requests to Technical Support at your convenience. Detail information can easily
be added using the scan or photo function.

Use the offline cache function to save your favorites to your device. In this way you can call
these entries, products and conferences even without network coverage.

Transfer PDF documents to an external library.

TIA-MICRO?2 - Training and Support
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e The contents and surfaces are available in six languages (German, English, French, Italian,
Spanish and Chinese) - including a temporary switching to English.

11.11.1. Scanning product/EAN code

After scanning a code, the
product view will open in most
cases.

& q {1111}

eEmrEAl0 0. = .

DIGITAL KO SM 1223, 8 D1/
800

Specialized search options are
available for configurable
products.

Depending on the product, the
result can also be displayed as
a list of products, in which

the user can select the
appropriate product.

4 025515‘ 080077 ‘
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11.11.2. Scan functionality

Data matrix codes

on Siemens products
as per standard SN60450

EAN13 bar code

J‘C?‘.ﬂ‘.lﬁ 7

00T

on Siemens products

e.g.: in advertisements
relating to Siemens content

Code39 bar code
SIEMENS
 SIMATIC $7-1200

| g erwrm s o 1300

(very hard to recognize /
scan) on Siemens products
as per standard SN60450

The scan functionality in the
Online Support app supports the
following types of code:

Data matrix code
QR code

EAN13 bar code
Code39 bar code

When one of these codes is
recognized, the respective
product view is called up in the
app.

Exception:

The QR codes contain URLs —
these are directly called up and
displayed in the app by the
integrated browser (but only, if
"siemens" is contained in the
URL).
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11.12. Forum - the communication platform for Siemens Industry
products

11.12.1. Conferences and Forum management

» Home > Forum

Navigation

Product Conferences

General Conferences
Forum management
Quicklinks

Forum Terms

Navigation

Product Conferences

Solutions, Applications and Initi

©

i Applications and Initiati

General Conferences
E Forum management

> Manage profile

> User filter

> Conference filter

> My topics

> My suggestions

> Received Feedback
Quicklinks

Forum Terms

®

4

EITET

]

9 Product Support | > Services I £ Forum | mesuppan

[i] Welcome, . Your last visit was 4/13/2015 10:43 AM.

Conference overview
List of all conferences of this area

Search in "Forum™

for Drive ES

» Actions » Legend

O  Tite
Product Conferences
> LOGO!

O software, hardware, accessories,
#  programming
£k 5 Experts

> SIMATIC TDC, FM458, T400

O Controlsystem SIMATIC TDC, FM458.
=]

T400
&% 2 Experts.

©,

[ Edit filler = Load filter
Last post Topics

> 0BAS - user defined web page

£ fotal: 2324
Tom: ixo65
412002015 9:27 AM current. &
> Can't import Profibus DP data from

CP50M0 foal: 349
from: KSN current: 0

41372015 10:46 AM

Bz | G
mySupport Cockpit | & SN [7]
> Favorites
> Personal messages (0)
> My requests (2)
» CAx downloads (0)
Viewed item
My tags
User online (54) [§]
All about Product Information
Presales info
Catalog and ordering system online
Technical info
Support

Training

On the left side, you will find the so-called conference tree. It allows you to navigate through the
individual discussion areas.

The conference overview is the central discussion area of the Technical Forum. This is where the
community meets to discuss technical questions about Siemens Industry products.

In forum management, you will find your personal control center for the Technical Forum. It allows
you to manage your specific profile data and filters.
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> Home > Forum > Forum management

Navigation

=

Product Conferences

Solutions, Applications and Initiatives
General Conferences

Forum management

» Manage profile

» User filter

» Conference filter

» My topics

> My suggestions

» Received Feedback

Quicklinks

Forum Terms

» Conference filter

Manage conference filter

Add or remove conferences to the filter

> Show fopics in "My conferences”

All conferences

Ankundigungen (de)
Anregungen - Feedback (de)

A
CNC Automatisierungssystem SINUMERIK (d

Code-Lesesysteme (de)

DC Stromrichter SIMOREG (de)

Der neue Industry Online Support (de)
Desigo™ Gebaudeavtomationssystem (de)
Dezentrale Peripherie (de)

Drive Tools (de)

Energiemanagement mit SIMATIC (de)
Gebdudetechnik allgemein (de)

HLK Produkte (de)

Industrie Software allgemein {de)
Industrielle Schalttechnik (de)
Kommunikation / Netzwerke (de)
Logikmodul LOGO! (de)

Meet & Talk (de)

MICROMASTER (de)

Motion Control System SIMOTION (de)
Niederspannungs-Energieverteilung und Insta

Enable notifications if there are new topics.
[1 set nofifications

W

F Product

My conferences

Industrie-PC SIMATIC PC (de)
Prozessleitsystem SIMATIC PCE T (de)

Conference filter

Add conferences to your personal filter of preferred conferences.

This allows you to enable a notification that informs you when new topics are started in these

conferences.

In Quicklinks, the Technical Forum additionally offers an overview page that contains all topics of

your preferred conferences.

Managing profile

Profile management provides interesting information and functions:

e You get an overview of your activities in the Technical Forum.

e You can view your rank, any special permissions and your ranking progress.

e You can store a signature and a personal description for your profile in the forum.

e You have direct access to the quick links to get an overview of all topics you have contributed

to.

User filter

11-18

Have you found a user in the Technical Forum who posts entries that are particularly interesting?
Then add this user to your list of "preferred users".

This allows you to enable a notification that informs you when the user has posted a new entry.

In Quicklinks, the Technical Forum additionally offers an overview page that contains all topics of

your preferred users.
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11.12.2. Interactions in the Forum

Process Control Systems SIMATIC PCS7

Search in "Process Control Systems SIMATIC PCS 7"

for
» Actions » Legend » Experis [al Edit filter P Load filter
4743 Entries Entries per page: 10 | 2I\| 50 <1213 |4]5]..2|=
Creating a new topic in a
conference
Status: Topic from Rating of the
solved conference overview topic
- ) from: paco
> ;ﬂ;zgu:gﬂg?;:;?::kup PCS7 6.0 Sp2 arreaga 2 31 Yordodrsy
B - 202602015 3:41 AM (1

SV

TIA-MICRO2 - Training and Support
Training Document, V16.00.00

11-19



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

SIMATIC S7-1200 Advanced Course

L

Topic from conference
overview

Missing OS in backup PCS7 6.0 Sp2
Created by: paco arreaga at: 2/24/2015 2:08 AM (2 Replies)

Rating Yyrdrdedrs's (1) -
T:al:ss 1 W Creating a new entry for
the topic

» Actions  [EEENENES

3 Entries

Reacting to an
existing entry

> Suggestion » To thank o) Answer () GQuote A
& This contribution was helpful to:

& Ppaco ameaga
Feedback for the
individual entry

Creating a new entry

Do you want to create or format a new entry? The entry editor provides all the necessary
functions.

e You can upload and publish in the forum a file with "Add attachment".

e You would like to check before the publication how your entry will actually look? A preview is
available for this purpose.

e You would like to look at the topic again to which you create an entry? Please, you used the
link over the input area (right mouse button > open in a new tab or window)
Posting / replying to an entry

Do you want to participate in an existing discussion with your own entry? Click on "Reply" and
post your personal entry to support other users in answering the question.

e Use the "Reply" link to go to the entry editor and create a reply without quoting the entry.
e If you want to quote the entry, possibly only excerpts of it, use the "Quote" link. The content of
the quoted entry is then displayed accordingly in the entry editor.
Rating an entry / saying thank you

Do you find an entry particularly interesting? Use the available functions and rate the entry or say
thank you to provide personal feedback. Ratings and thank yours are the rewards our community
members get for the support they provide. When you rate an author or entry, this will be added to
the already existing ratings. The average value of all ratings is displayed.

Aside from feedback to the author of the entry, you also draw other readers' attention to
particularly valuable entries and helpful authors.
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11.13. Task and Checkpoint

Task: Software compatibility

Goal

Find out which current version of virus scanners is compatible with your engineering software.

Use all information sources available:

Checkpoint

Readme files in the installation folder

The compatibility tool of the Industry Online Support
Entries in the Product support

Entries in the Forum

Create a Support Request.

Let's think about this:

Name some reasons for
registration in MySupport.

What do you think is the best way
to have always the latest version
of the required manuals for your
job with you?
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