BC3150 - Bus Terminal
Controller for PROFIBUS

\[;Z:Zi:on: 12'(%6%-02-10 BECKHOFF






BECKHOFF New Automation Technology Contents
Contents
BC3150 - Bus Terminal Controller for PROFIBUS
1. Foreword 4
Notes on the Documentation 4
Safety Instructions 5
Documentation Issue Status 6
2. Product Overview 7
BCxx50 - Overview 7
The Principle of the Bus Terminal
The Beckhoff Bus Terminal System
Technical Data 11
Technical Data - BCxx50 11
Technical Data - PROFIBUS DP 13
Technical Data - PLC 14
3. Mounting and Wiring 15
Mounting 15
Dimensions 15
Installation 16
Wiring 17
Potential Groups, Insulation Testing and PE 17
Power supply 19
Programming cable 20
PROFIBUS Connection 21
PROFIBUS Cabling 23

Fieldbus Components



Contents BECKHOFF New Automation Technology

4. Parameterization and Commissioning 25
Start-up Behavior of the Bus Terminal Controller 25
Setting the slave address 26
Configuration 27

Overview 27

Creating a BX File 29
Downloading a BX Configuration 30
Uploading a BX Configuration 32
Bus Terminal Controller resources 34

ADS via Serial 36

ADS Connection via Serial Interface 36

PROFIBUS 37

PROFIBUS Settings 37

Master Configuration 38

Basic Device File (GSD) 38

Creating a TWinCAT PC File 39

Variable Mapping - PROFIBUS DP 41

BC3150 at 3rd party controller 42

SIEMENS S7 42

Configuration - Siemens S7 Controller 42

Configuration: Siemens S7 Controller with BX3100 43

K-Bus 46

K-Bus 46

PLC 48

Inserting a PLC project 48

Measuring the PLC Cycle Time 49

KS2000 50

KS2000 50

5. Programming 51
BCxx50 PLC features 51
TwinCAT PLC 52
TwinCAT PLC Error Codes 53
Remanent data 55
Allocated Flags 56
Local process image in delivery state 57
Mapping of the Bus Terminals 59
Local process image in the TwinCAT configuration 60
Creating a boot project 61
Communication between TwinCAT and BX/BCxx50 62
Up- and downloading of programs 63

2 Fieldbus Components



BECKHOFF New Automation Technology Contents

Libraries 67
Ubersicht 67
TcBaseBX 69

System Task Info 69
System Task Info Type 70
System Info 71
System Info Type 72
ADS 73
Local ADS Port Numbers 73
ADS Services 74
BX Debug Function 75
Overview 75

Program Transmission 76
Transmission via Serial Interface 76
Transmission via PROFIBUS 78

Process Image 80
PROFIBUS Process Image 80

6. PROFIBUS 81

System Introduction 81
Fieldbus Overview 81
PROFIBUS DP 85
PROFIBUS DPV1 87
Cables, Plugs and Switches 88
Topology 91

7. Error handling and diagnosis 92
Diagnostics 92
Diagnostic LEDs 94

8. Appendix 97

First steps with the BC3150 97

Moving from BC to BX 99

Firmware Update 102

General Operating Conditions 105

Standards for Device Testing 107

Bibliography 108

List of Abbreviations 109

Support and Service 110

Fieldbus Components 3



Notes on the Documentation BECKHOFF New Automation Technology

1. Foreword

Notes on the Documentation

This description is only intended for the use of trained specialists in control and automation engineering who are
familiar with the applicable national standards. It is essential that the following notes and explanations are followed
when installing and commissioning these components.

Liability Conditions

The responsible staff must ensure that the application or use of the products described satisfy all the requirements for
safety, including all the relevant laws, regulations, guidelines and standards.

The documentation has been prepared with care. The products described are, however, constantly under
development. For that reason the documentation is not in every case checked for consistency with performance data,
standards or other characteristics. None of the statements of this manual represents a guarantee (Garantie) in the
meaning of 8 443 BGB of the German Civil Code or a statement about the contractually expected fitness for a
particular purpose in the meaning of § 434 par. 1 sentence 1 BGB. In the event that it contains technical or editorial
errors, we retain the right to make alterations at any time and without warning. No claims for the modification of
products that have already been supplied may be made on the basis of the data, diagrams and descriptions in this
documentation.

© This documentation is copyrighted. Any reproduction or third party use of this publication, whether in whole or in
part, without the written permission of Beckhoff Automation GmbH, is forbidden.
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Safety Instructions

Safety Rules

The responsible staff must ensure that the application or use of the products described satisfy all the requirements for
safety, including all the relevant laws, regulations, guidelines and standards.

State at Delivery

All the components are supplied in particular hardware and software configurations appropriate for the application.
Modifications to hardware or software configurations other than those described in the documentation are not
permitted, and nullify the liability of Beckhoff Automation GmbH.

Personnel Qualification

This description is only intended for the use of trained specialists in control and automation engineering who are
familiar with the applicable national standards.

Description of safety symbols

The following safety symbols are used in this operating manual. They are intended to alert the reader to the
associated safety instructions.

Q This symbol is intended to highlight risks for the life or health of personnel.
Danger

i This symbol is intended to highlight risks for equipment, materials or the environment.
Warning

This symbol indicates information that contributes to better understanding.

Note
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Documentation Issue Status

Version Comment
1.1.0 Notes to meet the UL requirements added.
1.0.1 *  Chapter Creating a boot project corrected

*  minor routine corrections (typing errors, orthography etc.)
e English version available

1.0.0 First release (only German version available)

Firmware BC3150

To make a firmware update, you need a serial cable and the KS2000 Configuration Software or the firmware update
program.
Firmware Comment

0xBO Firmware Version 0xBO

The firmware and hardware version (delivery status) can be found on the label at the bottom of the Bus Terminal
Controller.
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2. Product Overview

BCxx50 - Overview

Bus Terminal Controllers are Bus Couplers with integrated PLC functionality. The BCxx50 Bus Terminal Controllers
have a fieldbus interface, are intelligent slaves and can be used as remote intelligence within the system. They are
located in a cost-optimized and compact housing. In contrast to the BCxx00 range, the BCxx50 range supports up to
255 Bus Terminals via the K-Bus extension.

The Bus Terminal Controller is programmed using the TwinCAT programming system according to IEC 61131-3. The
BCxx50 configuration/programming interface is used for loading the PLC program. If the TwinCAT software PLC is in
use, the PLC program can also be loaded via the fieldbus.

The inputs and outputs of the connected Bus Terminals are assigned in the default setting of the mini-PLC. Each
individual Bus Terminal can be configured in such a way that it exchanges data directly through the fieldbus with the
higher-level automation device. Similarly, pre-processed data can be exchanged between the Bus Terminal
Controller and the higher-level controller via the fieldbus.

Fieldbus interface

The variants of the BCxx50 series Bus Terminal Controllers differ in terms of their fieldbus interfaces. Five different
versions cover the main fieldbus systems:

¢ BC3150: PROFIBUS DP
¢ BC5150: CANopen
o BC5250: DeviceNet

e BCB8150: RS232 or RS485 (without fieldbus interface)

Programming

The BCxx50 devices are programmed according to the powerful IEC 61131-3 standard. Like for all other BECKHOFF
controllers, the TwWinCAT automation software is the basis for parameterization and programming. Users therefore
have the familiar TWinCAT tools available, e.g. PLC programming interface, System Manager and TwinCAT Scope.
Data is exchanged optionally via the serial port (COM1) or via the fieldbus through BECKHOFF PC FCxxxx fieldbus
cards.

Configuration

The configuration is also carried out using TwinCAT. The fieldbus interface can be configured and parameterized via
the System Manager. The System Manager can read all connected devices and Bus Terminals. After the
parameterization, the configuration is saved on the BCxx50 via the serial interface. The configuration thus created
can be accessed again later.
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The Principle of the Bus Terminal
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The Beckhoff Bus Terminal System

Up to 64 Bus Terminals each having 2 I/O channels f  or each signal form

The Bus Terminal system is the universal interface between a fieldbus system and the sensor / actuator level. A unit
consists of a Bus Coupler as the head station, and up to 64 electronic series terminals, the last one being an end
terminal. For each technical signal form, terminals are available each having two 1/0 channels, and these can be
mixed in any order. All the terminal types have the same mechanical construction, so that difficulties of planning and
design are minimized. The height and depth match the dimensions of compact terminal boxes.

Decentralized wiring of each 1/O level

Fieldbus technology allows more compact forms of controller to be used. The I/O level does not have to be brought to
the controller. The sensors and actuators can be wired decentrally, using minimum cable lengths. The controller can
be installed at any location within the plant.

Industrial PCs as controllers

The use of an Industrial PC as the controller means that the operating and observing element can be implemented in
the controller's hardware. The controller can therefore be located at an operating panel, in a control room, or at some
similar place. The Bus Terminals form the decentralized input/output level of the controller in the control cabinet and
the subsidiary terminal boxes. The power sector of the plant is also controlled over the bus system in addition to the
sensor/actuator level. The Bus Terminal replaces the conventional series terminal as the wiring level in the control
cabinet. The control cabinet can have smaller dimensions.

Bus Couplers for all usual bus systems

The Beckhoff Bus Terminal system unites the advantages of a bus system with the possibilities of the compact series
terminal. Bus Terminals can be driven within all the usual bus systems, thus reducing the controller parts count. The
Bus Terminals then behave like conventional connections for that bus system. All the performance features of the
particular bus system are supported.

Assembly on standardized C mounting rails

The easy, space-saving, assembly on a standardized C-rail, and the direct wiring of actuators and sensors, without
cross-connections between the terminals, standardizes the installation. The consistent labelling scheme also
contributes.

The small physical size and the great flexibility of the Bus Terminal system allows it to be used wherever a series
terminal is also used. Every type of connection, such as analog, digital, serial or the direct connection of sensors can
be implemented.

Modularity

The modular assembly of the terminal strip with Bus Terminals of various functions limits the number of unused
channels to a maximum of one per function. The presence of two channels in one terminal is the optimum
compromise of unused channels and the cost of each channel. The possibility of electrical isolation through potential
feed terminals also helps to keep the number of unused channels low.

Display of the channel state

The integrated LEDs show the state of the channel at a location close to the sensors and actuators.

K-Bus

The K-Bus is the data path within a terminal strip. The K-Bus is led through from the Bus Coupler through all the
terminals via six contacts on the terminals’ side walls. The end terminal terminates the K-Bus. The user does not
have to learn anything about the function of the K-Bus or about the internal workings of the terminals and the Bus
Coupler. Many software tools that can be supplied make project planning, configuration and operation easy.

Fieldbus Components 9



Safety Instructions BECKHOFF New Automation Technology

Potential feed terminals for isolated groups

The operating voltage is passed on to following terminals via three power contacts. You can divide the terminal strip
into arbitrary isolated groups by means of potential feed terminals. The potential feed terminals play no part in the
control of the terminals, and can be inserted at any locations within the terminal strip.

Up to 64 terminals can be used within one terminal strip. This count does include potential feed terminals, but not the
end terminal.

Bus Couplers for various fieldbus systems

Various Bus Couplers can be used to couple the electronic terminal strip quickly and easily to different fieldbus
systems. It is also possible to convert to another fieldbus system at a later time. The bus coupler performs all the
monitoring and control tasks that are necessary for operation of the connected Bus Terminals. The operation and
configuration of the Bus Terminals is carried out exclusively by the Bus Coupler. Nevertheless, the parameters that
have been set are stored in each Bus Terminal, and are retained in the event of voltage drop-out. Fieldbus, K-Bus
and I/O level are electrically isolated.

If the exchange of data over the fieldbus is prone to errors or fails for a period of time, register contents (such as
counter states) are retained, digital outputs are cleared, and analog outputs take a value that can be configured for
each output when commissioning. The default setting for analog outputs is 0 V or 0 mA. Digital outputs return in the
inactive state. The timeout periods for the Bus Couplers correspond to the usual settings for the fieldbus system.
When converting to a different bus system it is necessary to bear in mind the need to change the timeout periods if
the bus cycle time is longer.

The interfaces

A Bus Coupler has six different methods of connection. These interfaces are designed as plug connectors and as
spring-loaded terminals.
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Technical Data

Technical Data - BCxx50

Technical data BCxx5x
Processor 16 bit micro-controller
Diagnostic LEDs 2 x power supply, 2 x K-Bus
Configuration and programming software TwinCAT PLC
Fieldbus
interface BC3150 BC5150 BC5250 BC8150 -
Fieldbus PROFIBUS DP CANopen DeviceNet - Serial ADS -
- KS8000 Protocol
- ModbusRTU
- ModbusASCII
Interfaces

Serial interface COML1 (RS232 for configuration and programming, automatic baud rate detection
9600/19200/38400/57600 baud)

Terminal Bus (K- | 64 (255 with K-Bus extension)
Bus)

Technical data BC3150 BC5150 BC5250 BC8150 -
Digital peripheral signals 2040 inputs/outputs
Analog peripheral signals = 1024 inputs/outputs

Configuration possibility via TwinCAT or the controller
Maximum fieldbus byte depending on fieldbus
number

Maximum number of bytes = 2048 bytes of input data, 2048 bytes of output data

-PLC
Bus connection D-sub, 9-pin Open Style Connector, 5 pin D-sub, 9-pin -
Power supply (Us) 24 Vpc (-15%/+20%) To meet the UL requirements use a 4 A fuse or a power

supply that has to satisfy NEC class 2!
(H @ US LISTED
Ind. Cont. Eq.: 24TB

For Us and GNDs:
Use 4 Amp. fuse or
Class 2 power supply.
See instructions.

Input current (Us) 60 mA + (total K-Bus current)/4
Starting current approx. 2.5 x continuous current
K-Bus current (5 V) maximum 1000 mA

Power contact voltage maximum 24 Vpc

(Up)

Power contact current load = maximum 10 A

(Up)

Recommended fuse (Up) <10A

Dielectric strength 500 Vims (power contact / supply voltage / fieldbus)
Weight approx. 100 g

Dimensions (W x H x D) approx. 44 mm x 100 mm x 68 mm

Fieldbus Components 11
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Technical data BC3150 BC5150 BC5250 BC8150 -
Operating temperature 0<C... +55T

Storage temperature -25C... +85C

Relative humidity 95 % no condensation

Vibration / shock resistance conforms to EN 60068-2-6 / EN 60068-2-27, EN 60068-2-29

EMC resistance burst / ESD conforms to EN 61000-6-2 / EN 61000-6-4

Installation pos. Variable

Protection class 1P20
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Safety Instructions

Technical Data - PROFIBUS DP

Configuration and
programming
interface

Fieldbus connection

Address

| Status display
fieldbus, power LEDs
| K-bus

| Bus Coupler
supply

selector

System data

Number of I/O modules
Number of 1/0O points
Data transfer medium
Segment length
Number of segments
Data transfer rate
Topology

Transmission time

Fieldbus Components

PROFIBUS (BC3150)
126 (BC3150 max. 99 devices)

depending on controller

shielded copper cable 2 x 0.25 mm?, cable type A according to EN 50170
up to 1200 m

3

up to 12 MBaud

RS485 line, optical fiber ring

approx. 0.5 ms with 10 stations for 32 bits input/output at 12 MBaud
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Technical Data - PLC

PLC data
Programmability
Program memory
Source code memory
Data memory
Remanent flags

PLC cycle time
Programming languages
Run time

Online Change
Up/Down Load Code

14

BCxx5x

via serial programming interface or via the fieldbus

48 kbyte

128 kbyte

32 kbyte

2 kbyte

Approx. 3,0 ms for 1000 IL commands (without 1/O cycle)
IEC 6-1131-3 (IL, LD, FBD, ST, SFC)

1 PLC task

Yes

Yes/Yes

Fieldbus Components
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3. Mounting and Wiring
Mounting

Dimensions

The Beckhoff Bus Terminal system is characterized by low physical volume and high modularity. When planning a
project it must be assumed that at least one Bus Coupler and a number of Bus Terminals will be used. The
mechanical dimensions of the Bus Couplers are independent of the fieldbus system.
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Fig. 1.0 BCxx50

The total width of the fieldbus station is the width of the Bus Coupler/Bus Terminal Controller plus the width of the
Bus Terminals being used (incl. KL9010 bus end terminal). Depending on design, the Bus Terminals are 12 or 24 mm

wide. The height is 100 mm.

The BCxx50 series Bus Terminal Controllers are 68 mm deep.
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Installation

The Bus Coupler and all the Bus Terminals can be clipped, with a light press, onto a 35 mm mounting rail. A locking
mechanism prevents the individual housings from being pulled off again. For removal from the mounting rail the
orange colored tension strap releases the latching mechanism, allowing the housing to be pulled off the rail without
any force.

Up to 64 Bus Terminals can be attached to the Bus Coupler on the right hand side. When plugging the components
together, be sure to assemble the housings with groove and tongue against each other. A properly working
connection can not be made by pushing the housings together on the mounting rail. When correctly assembled, no
significant gap can be seen between the attached housings.

electronics in the Bus Terminals and in the Bus Coupler are protected to a large measure
against damage, but incorrect function and damage cannot be ruled out if they are plugged
in under power.

i Insertion and removal of Bus Terminals is only permitted when switched off. The
Warning

The right hand part of the Bus Coupler can be compared to a Bus Terminal. Eight connections at the top enable the
connection with solid or fine wires from 0.08 mmz2to 2.5 mm2. The connection is implemented with the aid of a spring
device. The spring-loaded terminal is opened with a screwdriver or rod, by exerting gentle pressure in the opening
above the terminal. The wire can be inserted into the terminal without any force. The terminal closes automatically
when the pressure is released, holding the wire securely and permanently.
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Wiring
Potential Groups, Insulation Testing and PE

Potential groups

The Beckhoff Bus Terminals stations usually have three different potential groups:

* The fieldbus interface is electrically isolated (except for individual Low Cost couplers) and forms the first po-
tential group

e Bus Coupler/ Bus Terminal Controller logic, K-Bus and terminal logic form a second galvanically separated
potential group

e The inputs and outputs are supplied via the power contacts and form further potential groups.

Groups of I/0 terminals can be consolidated to further potential groups via potential supply terminals or separation
terminals.

1 2 3 4 B E 7 8 a mwon 12 13 14 15 & 17

Potertial Group Bus Coupler, K-Bus and termials contol

Potential
Group
Fieldbus

e

Pdential
Gnoup

E/A2

BECKHOFF

BEEL00000] FLAOIE ALIDNE KLADIGLFZLN RL20%E KLEDAE ELatCame L3210 KLE 124 K2l Fe00 KLZEER FLEGZRRLTL00 FLI0GE KLIDGE KLSOLD
e Q000 OO0 0000 QG 0000 MO0 (000 D000 0D QOL1 DO§L Q0D

Insulation testing

The connection between the Bus Coupler / Bus Terminal Controller and the Bus Terminals is automatically realized
by pushing the components together. The transfer of the data and the supply voltage for the intelligent electronics in
the Bus Terminals is performed by the K-Bus. The supply of the field electronics is performed through the power
contacts. Plugging together the power contacts creates a supply rail. Since some Bus Terminals (e.g. analog Bus
Terminals or 4-channel digital Bus Terminals) are not looped through these power contacts (or not completely) the
Bus Terminal contact assignments must be considered.

The potential feed terminals interrupt the power contacts, and represent the start of a new supply rail. The Bus
Coupler / Bus Terminal Controller can also be made use of to feed the power contacts.

Fieldbus Components 17
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PE power contacts

The power contact labelled PE can be used as a protective earth. For safety reasons this contact mates first when
plugging together, and can ground short-circuit currents of up to 125 A.

It should be noted that, for reasons of electromagnetic compatibility, the PE contacts are capacitively coupled to the
mounting rail. This can both lead to misleading results and to damaging the terminal during insulation testing (e.g.
breakdown of the insulation from a 230 V power consuming device to the PE conductor). The PE conductor to the
Bus Coupler / Bus Terminal Controller must be disconnected for the insulation testing. In order to uncouple further
feed locations for the purposes of testing, the feed terminals can be pulled at least 10 mm out from the connected
group of other terminals. In that case, the PE conductors do not have to be disconnected.

The PE power contact must not be used for other potentials.

18 Fieldbus Components
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Power supply

Bus Terminal Controller and Bus Terminal supply (Us )

The Bus Terminal Controller requires a supply voltage of 24 Vpc for its operation.

The connection is made by means of the upper spring-loaded terminals labelled 24 V and 0 V. This supply voltage
feeds the Bus Coupler / Bus Terminal Controller electronics and, over the K-Bus, the electronics of the Bus
Terminals. It is electrically separated from the potential of the field level.

Feading
Bus Tertminal Controller +24 iy

Feaditig
Bus Terminal Caontroller 0%

Feeding
Power Contacts +24 V.

Feeding
Foweer Contacts 0

GUS LISTED
Ind. Cont. Eq.: 24TB

For Us and GNDs:
Use 4 Amp. fuse or
Class 2 power supply.
See instructions.

|85

C

n.c.

[

UL requirements

For the compliance of the UL requirements Us should only be supplied
b * by a 24 Vpc supply voltage, supplied by an isolating source and protected by
anger

means of a fuse (in accordance with UL248), rated maximum 4 Amp.

* by a 24 Vpc power source, that has to satisfy NEC class 2.
A NEC class 2 power supply shall not be connected in series or parallel with an-
other (class 2) power source!

Q To meet the UL requirements, Us must not be connected to unlimited power sources!
Danger

Power contacts supply (Up)

The bottom six connections with spring-loaded terminals can be used to feed the supply for the peripherals. The
spring-loaded terminals are joined in pairs to a power contact. The feed for the power contacts has no connection to
the voltage supply for the BC electronics.

The spring-loaded terminals are designed for wires with cross-sections between 0.08 mm? and 2.5 mm?>.

The assignment in pairs and the electrical connection between feed terminal contacts allows the connection wires to
be looped through to various terminal points. The current load from the power contact must not exceed 10 A for long
periods. The current carrying capacity between two spring-loaded terminals is identical to that of the connecting
wires.

Power contacts

On the right hand face of the Bus Terminal Controller there are three spring contacts for the power contact
connections. The spring contacts are hidden in slots so that they can not be accidentally touched. By attaching a Bus
Terminal the blade contacts on the left hand side of the Bus Terminal are connected to the spring contacts. The
tongue and groove guides on the top and bottom of the Bus Terminal Controllers and of the Bus Terminals
guarantees that the power contacts mate securely.
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Programming cable

Use the KS2000-Z2 programming cable for serial programming of the Bus Terminal Controller. This cable is included
in the scope of supply of the KS2000 software, or it can be ordered separately (order number KS2000-Z2).

I—

KS2000-22

The programming cable offers the option of programming the BCxx50 via the serial interface.

connection of the Bus Terminal controller must not be interrupted or disconnected, since

i When the programming cable (between BCxx50 and PC) is connected, the ground
Warning this may destroy the programming cable.
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PROFIBUS Connection

M12 circular connector

The M12 socket is inverse coded, and has five pins. Pin 1is 5 Vpc and 3 is GND for the active termination resistor.
These must never be misused for other functions, as this can lead to destruction of the device. Pin 2 and pin 4 are
the Profibus signals. These must never be swapped over, as this will prevent communication. Pin 5 is the shield, and
this is capacitatively coupled to the Fieldbus Box chassis.

M12 socket pin assignment

1 |+5VDC
(A

3 | GND
A|B

5 | Shield

Nine pole D-Sub

Pin 6 is 5 Vpc und Pin 5 is GND for the active termination resistor. These must never be misused for other functions,
as this can lead to destruction of the device. Pin 3 and pin 8 are the Profibus signals. These must never be swapped
over, as this will prevent communication. Shield is connected to the D-Sub housing that is coupled with low-
resistance to the mounting rail.

D-Sub socket pin assignment

+5VDC
1

5 GND
i B
Shield

30
0
o -

n

[¥a]

Profibus conductor colors

Profibus conductors M12 D-Sub
B red Pin 4 Pin 3
A green Pin 2 Pin 8
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Connection of FieldbusBox modules

The connection of the Fieldbus Box modules is done direct or via a T-piece (or Y-piece).

The B318 series does have a male and female connector, that means no external T-piece is required. The supply
voltage (+5Vpc) for the termination resistor is only supplied via the female M12 connector. The termination resistor
ZS1000-1610 is only available with male connector, therefore the incoming PROFIBUS line should end in a female
connector.

(T (TT 11

ouT IN
(A) 2{/,:’:_‘5\3{67403 W2 g™ ne)
: 5 [Shield) (Shigld) &
oo .0
[+5V) 14 (B) (GND) 3™—_~4 (B)

Two T-pieces are available:
e 7S1031-2600 with +5VDC on male and female connector for the termination resistor

e ZS1031-2610 with +5VDC only on the female connector
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PROFIBUS Cabling

Physical aspects of the data transmission are defined in the Profibus standard (see Profibus layer 1: Physical Layer).

The types of area where a fieldbus system can be used is largely determined by the choice of the transmission
medium and the physical bus interface. In addition to the requirements for transmission security, the expense and
work involved in acquiring and installing the bus cable is of crucial significance. The Profibus standard therefore
allows for a variety of implementations of the transmission technology while retaining a uniform bus protocol.

Cable-based transmission

This version, which accords with the American EIA RS-485 standard, was specified as a basic version for
applications in production engineering, building management and drive technology. A twisted copper cable with one
pair of conductors is used. Depending on the intended application area (EMC aspects should be considered) the
screening may be omitted.

Two types of conductor are available, with differing maximum conductor lengths (see the RS-485 table).
RS485 - Fundamental properties

RS-485 transmission according to the Profibus standa rd

Network topology Linear bus, active bus terminator at both ends, stubs are possible.

Medium Screened twisted cable, screening may be omitted, depending upon the
environmental conditions (EMC).

Number of stations 32 stations in each segment with no repeater. Can be extended to 127 stations
with repeater

Max. bus length without | 100 m at 12 MBit/s

repeater 200 m at 1500 KBit/s, up to 1.2 km at 93.75 KBit/s

Max. bus length with Line amplifiers, or repeaters, can increase the bus length up to 10 km. The

repeater number of repeaters possible is at least 3, and, depending on the manufacturer,
may be up to 10.

Transmission speed 9.6 kBit/s; 19.2 kBit/s; 93.75 kBit/s; 187.5 kBit/s; 500 kBit/s; 1500 kBit/s; 12 MBit/s

(adjustable in steps)

Plug connector 9-pin D-Sub connector for IP20
M12 round connector for IP65/67

Cabling for Profibus DP and Profibus FMS

Note the special requirements on the data cable for baud rates greater than 1.5 MBaud. The correct cable is a basic
requirement for correct operation of the bus system. If a simple 1.5 Mbaud cable is used, reflections and excessive
attenuation can lead to some surprising phenomena. It is possible, for instance, for a connected Profibus station not
to achieve a connection, but for it to be included again when the neighboring station is disconnected. Or there may be
transmission errors when a specific bit pattern is transmitted. The result of this can be that when the equipment is not
operating, Profibus works without faults, but that there are apparently random bus errors after start-up. Reducing the
baud rate (< 93,75 kBaud) corrects this faulty behavior.

If reducing the baud rate does not correct the error, then in many cases this can indicate a wiring fault. The two data
lines maybe crossed over at one or more connectors, or the termination resistors may not be active, or they may be
active at the wrong locations.

. Installation is made a great deal more straightforward if pre-assembled cables from

l BECKHOFF are used! Wiring errors are avoided, and commissioning is more rapidly

Note completed. The BECKHOFF range includes fieldbus cables, power supply cables, sensor
cables and accessories such as terminating resistors and T-pieces. Connectors and cables
for field assembly are nevertheless also available.
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In systems with more than two stations all devices are wired in parallel. It is essential that
the bus cables are terminated with resistors at the conductor ends in order to avoid
reflections and associated transmission problems.

—

Note

Distances

The bus cable is specified in EN 50170. This yields the following lengths for a bus segment.

1500
200

Baud rate in kbits/sec 9.6 19.2 93.75 187.5 500 12000

Cable length in m 1200 1200 1200 1000 100

Stubs up to 1500 kbaud <6.6 m; at 12 Mbaud stub segments should not be used.

400

Bus segments

A bus segment consists of at most 32 devices. 126 devices are permitted in a Profibus network. Repeaters are
required to refresh the signal in order to achieve this number. Each repeater is counted as one device.

IP-Link is the subsidiary bus system for Fieldbus Boxes, whose topology is a ring structure. There is an IP master in
the coupler modules (IP230x-Bxxx or IP230x-Cxxx) to which up to 120 extension modules (IExxxx) may be
connected. The distance between two modules may not exceed 5 m. When planning and installing the modules,
remember that because of the ring structure the IP-Link master must be connected again to the last module.

Installation guidelines

When assembling the modules and laying the cables, observe the technical guidelines provided by the Profibus User
Organization (Profibus Nutzerorganisation e.V.) for Profibus DP/FMS (see www.profibus.com).

Checking the Profibus wiring

A Profibus cable (or a cable segment when using repeaters) can be checked with a few simple resistance
measurements. The cable should meanwhile be removed from all stations:

1. Resistance between A and B at the start of the lead: approx. 110 Ohm
2. Resistance between A and B at the end of the lead: approx. 110 Ohm
3. Resistance between A at the start and A at the end of the lead: approx. 0 Ohm
4. Resistance between B at the start and B at the end of the lead: approx. 0 Ohm

5. Resistance between screen at the start and screen at the end of the lead: approx. 0 Ohm

If these measurements are successful, the cable is okay. If, in spite of this, bus malfunctions still occur, this is usually
a result of EMC interference. Observe the installation notes from the Profibus User Organization (www.profibus.com).
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4. Parameterization and Commissioning

Start-up Behavior of the Bus Terminal Controller

After being switched on, the Bus Terminal Controller checks its state, configures the K-Bus, creates a structure list on
the basis of the inserted bus terminals and starts it's local PLC.

The I/O LEDs illuminate and flash as the Bus Coupler starts up. If there are no errors, the /0 LEDs should stop
flashing within about 2-3 seconds. In the case of an error, the flash code of the according LED depends on the error
type (see Diagnostic LEDS).

Power on
Self Test

K-Bus Test

Structure List

A 4 A 4
PLC Start /
Communication Stop - Error
Start
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Setting the slave address

The address must be set via the two rotary selection switches. The default setting is 11. All addresses are permitted,
although each address may only occur once within the network. For changing an address the Bus Coupler must be
switched off. The switches can be set to the required position using a screwdriver. Ensure that the switches engage
correctly. The lower switch is the 10-multiplier, the upper switch is the 1-multiplier. The change in address is active as
soon as the module is switched on.

Example
You want to set address 34:

* lower rotary selection switch Sx11: 3

e  upper rotary selection switch Sx10: 4

¥

ik

@ e—— x10
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Configuration

Overview

Configuration types

DEFAULT-CONFIG

Bus Terminals are mapped in the order they are inserted, i.e. first the complex Bus Terminals followed by the digital
Bus Terminals.

The complex Bus Terminals are mapped as follows:

¢  Word Alignment

e complex representation

The fieldbus slave interface are the PLC variables. The PLC variables have addresses from %QB1000 and %IB1000.

TWINCAT-CONFIG
Bus Terminals and PLC variables can be linked freely in TWINCAT-CONFIG (TC-file required). The configuration is
transferred to the coupler via the System Manager and ADS.

The following is required for TwinCAT Config:

* Viathe fieldbus (PROFIBUS, CANopen, Ethernet)
PROFIBUS: (BC3150, BX3100)
- PC with FC310x from version 2.0 and TwinCAT 2.9 build 1000
- BX3100 with firmware from 0.28 with CIF60 or CP5412
- TWinCAT 2.9 build 946
(WARNING: only one ADS communication is permitted with the Hilscher cards, i.e. either System Manager
or PLC Control)
CANopen: (BC5150, BX5100)
PC with FC510x from version 1.76 or higher and TwinCAT 2.9 build 1030
DeviceNet: (BC5250, BX5200)
on request
Ethernet: (BX9000):
- TwinCAT 2.10 Build xxxx

e Via serial ADS TwinCAT 2.9 build 1010 for NT4.0, 2000 or XP
- BX3100 version 1.00
- BX5100 version 1.00
- BX5200 version 1.10
- BX8000 version 1.00
- BC3150, BC5150, BC5250 Frimware BO
- BC8150 TwinCAT 2.10 Build 1244

The BX can be parameterised via the System Manager of the TwinCAT program.
*  Variable I/O mapping
e  Type-specific PROFIBUS data (only BC3150 or BX3100)
¢ RTC (Real Time Clock) (only BX-controller)
*  SSB bus (Smart System Bus) (only BX-controller)
e PLC settings

e  K-Bus settings

The configuration can be transferred to the BXxxxx or BCxx50 via fieldbus ADS protocol or with the serial ADS
protocol.
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The TwinCAT configuration can be used to link variables, 1/0s and data. The following is possible:
* PLC-K-BUS
e PLC - fieldbus (e.g. PROFIBUS slave interface)

*  K-Bus - fieldbus (only the BX-Controller)

In addition, the TwinCAT configuration can be used to parameterise special behaviour, for example whether data are
preserved or set to "0" in the event of a fieldbus error.
The real-time clock can be set via a tab in the system manager.

Individual steps
1. Setting the fieldbus address

2. Opening the system manager and creating a TC-file

3. Configuring fieldbus data in the TC-file

4. Saving the TC-file

5. Opening a new system manager, creating a PC file and reading in saved TC-file
6. Creating a link to a PLC task

7. Saving the configuration

8. Starting the TwinCAT system

9. Opening the system manager for the TC-file, completing the configuration and transferring it to the BXxxxx
or BCxx50

10. Transferring the program to the BXxxxx or BCxx50

11. Creating a boot project
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Creating a BX File

For configuring the BX, a BX file has to be created in the System Manager. To simplify matters, files for the basic

units have already been prepared. Open the respective BX Controller via New from Template.

! Unbenannt - TwinCAT System Mani

File Edit Actions View Options

[ Mew Cirl+M
Mew from Template...

= Open... Cirl+0

= Open from Target

I save Cirl+5
Save As...

Enable Compression

Properties...

Select the associated BX Controller.

Help

I

—_—

-

New from Template

BCI150
BCH150
BC5250
BECE150
Bx3100
Bx5100
BxB200
Bx8000

Cancel

All BX Controller components are now available.

¢ Fieldbus interface
e K-Bus Interface
¢ PLC Program

e SSB (only BX-Controller)

Please refer to the relevant section for device configuration.

Fieldbus Components
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Downloading a BX Configuration

The configuration is transferred to the Bus Terminal Controller via ADS.

ADS serial (all BX and BCxx50-Controller)

Enter the serial ADS connection, as described in section Serial ADS.

ADS fieldbus (only BX3100, BX5100, BX9000, BC3150,

BC5150)

A prerequisite is that TwinCAT operates as the master and data exchange is active, i.e. physical and PROFIBUS,
CANopen configuration must be completed, and data must be exchanged from the master (FC310x, FC510x) to the

Bus Terminal Controller.

Selecting the target system

Select the BXxx00 to which you wish to upload the configuration. F8 opens the dialog for downloading the associated

device.

File Edit [S0nag view DOptions Help

T

J [ & Eg Generate Mappings Chrl+p4
o Check Configuration Crl+H
B NC g Activate Configuration... Chil+Shift-F4
= E‘E & Set/Reset TwinCAT to Fun Mods...  Ctil+F4
- .- @B Set/FReset TwinCAT to Config Mode. . Shift-F4
T & Feload Devices F4

Q Chooze Target System...

Fiead Target Server Yersions...

|Ipdate Bus CouplerdlF Link Firmware. .
Access Bus Coupler/IP Link Register. ..

Chil+E
Chrl+l

Export =L D ezcription. .
Impart =ML Descrption. ..

Check *ariable Linkez

Select the associated Bus Terminal Controller.

Choose Target System

= B Local- [17216.6.150.1.1]
+ - B zeriel [1.1.1.1.1.4)
+ -4 BCxB0 Seriell (1.1.1.1.1.3)

K

Catizel

Search...

The device state (BX) is displayed at the bottom right of the System Manager.

BX seriell (1.1.1.1.1.9)

In Config Mode / FreeRun the configuration can now be transferred to the BX. If the BX is in Stop Mode, ADS
communication has not yet been activated. In this case, the configuration cannot be downloaded.
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For activating the configuration select Ctrl+Shift+F4 or Activate Configuration.

File Edit [Ny Yiew Options Help

J [1 & Hg Generate Mappings Citrl+
H oy o Check Configuration Ctrl+H
El' PLI ﬂ Activate Configuration... Ctrl+5hift-F4

E"'!F:;ﬁ &% Set/Reset TwinCAT to Fun Mode...  Cirl+F4

The current configuration is uploaded to the BX. The display will show Store Config, and the BUS and 1/0O LED wiill
flash. After the configuration has been transferred successfully to the BX, the BX display should show TwinCAT
Config. The required program can now be transferred to the BX (program download via the fieldbus).
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Uploading a BX Configuration

The configuration is transferred to the Bus Terminal Controller via ADS.

ADS serial (all BX and BCxx50-Controller)

Enter the serial ADS connection, as described in section Serial ADS.

ADS fieldbus (only BX3100, BX5100, BX9000, BC3150,

BC5150)

A prerequisite is that TwinCAT operates as the master and data exchange is active, i.e. physical and PROFIBUS,
CANopen configuration must be completed, and data must be exchanged from the master (FC310x, FC510x) to the

Bus Terminal Controller.

Selecting the target system

Select the BXxx00/BCxx50 to which you wish to upload the configuration. F8 opens the dialog for downloading the

associated device.

File Edit [S0nag view DOptions Help

T

J [ & Eg Generate Mappings Chrl+p4
o Check Configuration Crl+H
B NC g Activate Configuration... Chil+Shift-F4
= E‘E & Set/Reset TwinCAT to Fun Mods...  Ctil+F4
- .- @B Set/FReset TwinCAT to Config Mode. . Shift-F4
T & Feload Devices F4

=

Fiead Target Server Yersions...

ooze Target Systen...

|Ipdate Bus CouplerdlF Link Firmware. .
Access Bus Coupler/IP Link Register. ..

Chil+E
Chrl+l

Export =L D ezcription. .
Impart =ML Descrption. ..

Check *ariable Linkez

Select the associated Bus Terminal Controller.

Choose Target System

= ~Local- [17216.6150.1.1)
+ @ B seriell [1.1.1.1.1.4)
+ @ BCxw50 Serigll [1.1.1.1.1.3)

Ok

Cancel

Search...

The device state (Bus Terminal Controller) is displayed at the bottom right of the System Manager.

BX seriell (1.1.1.1.1.9)
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Click on the red folder. The TwinCAT configuration will now be uploaded.

i TwinCAT System

File Edit Action: “iew Options

|ID@@&d & s E

-8 VST e from target]”
! PLC "ToOFTROTSIoT

El. 1/0 - Configuration

----- B3 1/0 Devices

..... iﬂ‘% M appingz
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Bus Terminal Controller resources

The system manager indicates the memory resources used by the Bus Terminal Controller in the Resources tab of
the Bus Terminal Controller.

Mapping code

The mapping code is required for calculating the TwinCAT configuration (see Fig. 1). The percentages are added up.
In the example from Fig 1., 8% of the memory is used for the mapping calculation.

General | BX Settings | BX Diag | RTC | Resources

Process Image Map In Map Out Code Out
{DIPLC1<=KBUS % % ;
(DPLC1<->FBUS % %

(DIPLC1<>S5B % %

|Used Mear Heap: |17 |Used Plc Code: 32
Ilsed Huge Heap: |3 Ilsed Plc Data: 13
Used File Area: |23 Used Plc Source: |71

Fig. 1: Memory for code mapping

Data memory mapping

Data memory for mapping. The values are to be considered individually, i.e. each value can be up to 100%.
General | BX Settings | BX Diag | RTC | Resources

Code In Code Out

= =y
dz dz

Process Image
{TIPLC1<->KBUS
{DPLC1<>FBUS
{TIPLC1<-=55E

= =y
= Sz

= =
= Sz

lUsed Mear Heap: |17 |Used Plc Code: k¥
|Used Huge Heap: |3 |Used Plc Data: 13
lUsed File Area: |23 Used Plc Source: |71

Fig. 2 Data memory mapping
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Used code and data memory

Fig. 3 (1): "Used PLC code" in %.
Fig. 3 (2): "Used PLC data" in % of memory.
Fig. 3 (3): "Used PLC Source" in %.

General | BX Settings | BX Diag | RTC | Resources

Process Image Map In Map Out | Code In
{DIPLC1<->KBUS % % %
{TIPLC1<->FBUS % % %
{TIPLC1<->558 % % %

Code Out

=
dz
o
=
=
=

1
Used Plc Code: @
Used Plc Data: @

Uszed Pl Snume:®'3

lUsed Mear Heap: |17

(]

|Jsed Huge Heap: |3
lUsed File Area: |23

Fig. 3: Code and data memory

Other memory

Fig.4 (1): "Used Near Heap" is required for the COM interface and SSB. % values.
Fig.4 (2): "Used Huge Heap" is required for ADS communication. % values. This value should be less than 30 %.
Fig.4 (3): "Used file Area" is required for TwWinCAT configuration, the TSM file and 16kB flash access. % values.

General | BX Settings | BX Diag | RTC | Resources
Process Image Map In Map Out | Code In
{TIPLCT<-=KBUS % % %
{TIPLC1<-=FBUS % % %
(DPLC1<->55B % % %

Code Out

=
dz
o
=
=
=

Used Plc Code: 32

|Used Mear Heap ° 1
Used Huge Hea 2
IJzed File Area: @ 3

Used Plc Data: 13
Used Plc Source: |71

Fig.4: Other memory

Fieldbus Components
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ADS via Serial

ADS Connection via Serial Interface
(from firmware version 1.xx or 0.99x - Bus Terminal Controller of BX series and at all BCxx50)

for TwWinCAT 2.9 build 1010 (TwinCAT level PLC, NC or NCI)

. To ensure correct function of the serial ADS connection, only one connection is permitted.
l After successful configuration via the System Manager, close the System Manager before
Note starting programming.

Initializing the ADS connection

Enter the Bus Terminal Controller in the remote connection under TwinCAT. Click on the TwinCAT icon and open
the feature menu. The following settings can be made under the >AMS Remote< tab.

Eigenschaften der Remote Verbindung

Remote Mame: | Bx3100 5 el

AMS Met [d: 17216310623 Abbruch

Adresze: COM1:38400,2.8.1

Tranzpaort: COM-PORT _V1 Langzame “erbindung

Remote Name: Any

AMS Net Id:  1.1.1.1.1.1 (Default)

Address: Com Port: baud rate, parity, data bits, stop bits
Transport: "COM port" is to be chosen here

. No strings can be entered under address when the dialog is first called (see above). Enter

l name, AMS Net ID, and transport type and close the dialog. When the dialog is called

Note again you can enter your COM port.

Communication starts as soon as TwinCAT is in Config or RUN mode. The COM port is not closed until TWinCAT
stops, after which it is available for other programs.

Reading AMS Net ID

The AMS Net ID can be read from the menu via the display of the Bus Terminal Controller of the BX series.

AMS AMS Net ID
111111
. If the Bus Terminal Controller has been addressed via a fieldbus ADS connection before
l the serial ADS connection was used, the System Manager will automatically have changed
Note the AMS Net ID. Read the current ADS number.
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PROFIBUS

PROFIBUS Settings
The PROFIBUS-relevant settings are made in the DP slaves tab.

Reaction to PROFIBUS Error

In the event of a PROFIBUS error (e.g. PROFIBUS cable is pulled), the output data of the PROFIBUS master are
retained unchanged or set to 0 (depending on the parameterization). From the BX3100 perspective these are input
data that are transferred from the PROFIBUS master to the BX3100.

DP data format
The PROFIBUS data can be transferred in Intel or Motorola format.

Checking the DP configuration data
The configuration data can

¢ not be checked at all;
* checked for correct length; or

* checked for length and content

Fieldbus Components 37



Safety Instructions BECKHOFF New Automation Technology

Master Configuration
Basic Device File (GSD)

All field devices with PROFIBUS slave interface are described via the GSD file. The BC3150 is a PROFIBUS DP
slave. For data exchange, the GSD file has to be inserted in the master configuration tool. The maximum length of
input and output data 128 bytes in each direction.

Download GSD file (German): ﬂ
Download GSD file (English): ‘il

The GSD file can describe the following data types:

Variable Length
Integer 8 1 byte

Uninteger 8 1 byte

Integer 16 2 bytes
Uninteger 16 2 bytes
Integer 32 4 bytes
Uninteger 32 4 bytes
Float 32 4 bytes

Data types that are not listed, e.g. BOOL variables, can be described via the length. For this purpose, the GSD file
includes configuration data starting with a byte and ending with 64 words.
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Creating a TwWinCAT PC File
DEFAULT CONFIG

DEFAULT-CONFIG contains the PROFIBUS data from the address %IB1000 input and %QB1000. The data length
depends on the number of configured PROFIBUS data. A maximum of 244 bytes of input date and 244 bytes of
output data can be parameterised. No further settings are required for this configuration type.

[/0 - Canfiguratian | Mame:

5 110 Devies

- E8 Gerdt1 [FCZ

odm Gerat 14 Type: =-EE28 BECKHOFF INDUSTRIE ELEKTRONIE A Ok |
w1 Eingiing - BH2001 [1 channel]
- § Ausgang - fmf AH2003 (3 channel) Cancel |

% Box1(B - AX2000-B310
& Box2 (B gt BC3100 [Buscontroller, 12MBaud)
Eﬁj Box 3 (B gt BC2150 [compact fieldbus controller, Profibus)
g8 Mappings | b i BK3000 [fieldbus coupler)

----- B BK3010 [Bus-Coupler, Economy, 1.5MEaud) e
----- ﬂj BE.3100 [fieldbuz coupler, 120Baud]
----- B BKI10 [Bus-Coupler, Econamy, 12ME aud)
----- A ﬁj BE3120 [Bus-Coupler, 12ME aud)
----- jj BE.3150 [compact fieldbus coupler, Profibuz 12M]
----- ﬂj BE.3500 [Bus-Coupler, 1.5MB aud, L'wL)
£ BK3520 (Buz-Coupler, 12ME aud, LvwL)
=37100
Cx1500-B310
- FCH0x-Slave hd

Fig.1: Inserting BX3100.

Inserting the BX3100 in a PROFIBUS master viathe S  ystem Manager

Select your PROFIBUS master PC card in the System Manager and right-click on your PROFIBUS master card. The
PROFIBUS devices will then be offered for selection, among them a BX3100. Select this and confirm with OK.

Opening an existing BX file

If you wish to work with the DEFAULT-CONFIG, interrupt the process at this point (see Creating PROFIBUS data in
DEFAULT-CONFIG). Otherwise select your configured BX file. If no such file exists, you have to create one (Creating
a BX file). Once you have selected your BX file, all required PROFIBUS data are copied automatically into your
project from this file. You now have to create a link to your task and set the PROFIBUS address. The configuration
can then be saved and the TwinCAT system started.
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Creating PROFIBUS data in DEFAULT-CONFIG

The PROFIBUS data can now be created. Various variables are available:
- Integer 8 bit

- Integer 16 bit

- Integer 32 bit

- Uninteger 8 bit

- Uninteger 16 bit

- Uninteger 32 bit

- FLOAT 32 bit

They have to match the variable types currently projected in the BX.

Data sizes from 1 byte to 64 words are available.

5.9 140 - Configuration i [E&S UL - LE-51ave-I ntenace I
--B /0 Devices . Type: |
—|-E@ B=3100 - DP-Slave-Device
= Device 11mage Ingert Module
+1- 8T Inputs Module Types
=" B%3100 - DP-Slave-Interface
I Tupe
5§ Inputs L
. Outputs Integer32 Bx-Out/Mastern Cancel
H- 0 Integerl B Bx-Out/M astern Unzigneds Bi<-Out/MasterIn Q‘EHCE
Unsigned 6 BX-0ut/M | Inzigned1 & Bi=-0utdtdaster-ln
#-0 Unsigne e Lt/M aster-in Unsigned32 Be-Out/Mastern
+-E@ Bx3100 - KBus-Device Float32 Be-OutM aster-In
&8 Mappingz Integerd Bx-Andaster-Out
Integer1B Bx-ndd aster-Out
Integer32 Bix-In/M aster-Out
Unzignedd Bx-nt azter-Out
IJnzigned & B n/b aster-Out
Unsigned32 Bx-n/MasterOut = |
Fultiple: 1 El: i
Comment;

Fig.2: Creating PROFIBUS data

ADS Communication has to be selected for preparing the configuration. If the configuration data are to be transferred
via the fieldbus, data communication has to be active, i.e. the BX must exchange data with the controller.

5 SYSTEM_' Eu:un_figuratiu::n General] P'ru:ufil:uus] Features ADS | PimData [Te:-:t]] Diag ]
.- §EA NC - Configuration

B PLLC - Configuration

R Cam - Configuration Iv ADS-Interface
g !5!;.:' QEDS giﬁzzm NetiD:  [17216.3106.2.2

2 E8 Device 1 [FCI108)
== Device 1-mage

- %1 Inputs

&1 DpState
‘g3l ExtDiagFlag
1§ 2WORD Slave-Out/Masterin
{ +- {2 WORD Slave-lndt aster-Out
+-g&g Mappings
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Variable Mapping - PROFIBUS DP
Creating the PROFIBUS data.

EI- [0 - Configuration
=B 1/0 Devices

=-E§ Bx3100 - DP-Slave-Device
-.=¥a Device 11mage
& & Inputs
=-"E BX3100 - DP-Slave-nterface
- 8T Inputs
@ Outputs
B IntegerlB Bx-0ut/M aster-n
H- 0 Unsigned1B EX-OutMastarn
B B=3100 - KBus-Device

@8 Mappings

Fig. 1: Creating PROFIBUS data

Marme: II:V\J Tl - DE-olave-Intemace

1 |

Twpe: I

~bModule Tepes

Ot
[ntegera2 Br-Outtaztern
Inzigneds Bi-Out/M azter-In
nzigned1B Bx=-0utitd aster-ln
Unzigned3s Bx-Outdtd aster-ln
Float3z2 Bx-OutMazter-n
Integerd Bi-ln/h azter-Out
Integer 6 Byl ndbd azter-Out
Integerd2 Bl nd azter-Out
Unzignedd Be-lnt azter-Out
IInzigned1 & Be-1n/t aster-Out
Unsigned32 Bx-In/Master-Out = |

=

Fultiple:

Comment:

Inzert Module |

Cancel |

For linking with the PLC project, the PLC program must be read in. Add your PLC program under PLC Configuration.
The PLC variables can now be linked with the fieldbus variables.

Ensure that the maximum permissible number of PROFIBUS data is not exceeded
(BX3100: max. 244 bytes inputs and 244 bytes outputs)!

Note

Fieldbus Components

(BC3150: max. 128 bytes inputs and 128 bytes outputs)!
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BC3150 at 3rd party controller
SIEMENS S7
Configuration - Siemens S7 Controller

Inserting the images

In order to assign an image to the devices in the Siemens software, the following graphics must be copied into the
Step7\S7Data\ncbmp directory.

BC3150n.DIB

BC3150s.DIB

Inserting the GSD files

*  Go to Extras\Install new GSD in the hardware catalog for your Step7.
*  Select the directory in which the BECKHOFF GSD is located, and import the files.

*  You will then find them in the hardware catalog under Profibus DP\Other field devices\l/O.
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Configuration: Siemens S7 Controller with BX3100

BX3100 parameter data

PROFIBUS[1]): DP-Masterzpstem [1]

D P-Alarm-t ode
llgemeine DP-Parameter

Failzafe

&nlauf bei Sollauzbau ungleich 1stauzbau
Geratespeaifizche Parameter

L[Z] DPY1-Dienste [Klasse 1)
ex-Parametrierung

LIE] DPY1_Status (0 bis 2]

Fig. 1: Settings
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BX3100 module configuration

Example 1
1 x BX3100

Fla,TIH"IH" Konfig - [SIMATIC 300-5tation [Konfiguration] -- 57_Pro5]

mlp Station Bearbeiten Einfiigen Zielsystem  Ansicht Extas Fenster  Hilfe =& x|
D52 %] & Ble| ikl Sl 28 e

F'FIE FIBUS1]): DF'-Mgsters_l,lstem [1] Erafil: [Standard j

1 ET 200M =l
] ET 2005
] ET 200U
] ET 200
1 Funkbonzbaugruppen
] IDENT
. IPC
1 MC
] Metzkomponenten
7] Reaqler
7 Schaltgerate
] SIMADYN
] SIMATIC
1 SIMODRIVE
1 SIMOREG
1 SIMOVERT
] SIPOS
7 ‘weiters FELDGERATE
+-_7 140
+-{7] Gateway
=1 SPS
© @3 SIMATIC
¥ E B3100
g ILsnwC3an
+-7 Kompatible Prafibus

2 CPU31%

&g [17] 1L
¥ ic)

1] _rlj
- J (13) EX3100

Steckplatz EBaugruppe.-"DF'-Kennung Bestelnurmmer E-Adiesse .ﬁ.-ﬁ.dresse|
1] 1AE 1'wW0ORD B-Out/MazterIn 50,51 i‘
213 EwORD Bx-Out/Master-In [B0..71

239 16 W ORD Bi-Ind aster-Out 70,101

O O s O O O 0 e O O O 8 O B

oo | = | Lo s —

Fig. 2: Example for entering individual bytes. Note: Each individual byte requires one byte of ConfigData.
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Prafil: [Standard -]
+-_1 SIMATIC =l

-

Fig. 3: Example for entering associated bytes.

E

L

niverzalmodul

Integerd Bi=-Out/b
Integer! & B-Outl
Integerdd Be-Outl
IInzignedd Bx-Out
IInzigned1E Bx-00
IInzigned3z2 Bx-0u
Float32 Bad-Out/h;
Integerd Bx-Indda
Integer & Bi-ln
Integerdd Bi-ln
IInzigneds Be-ndb
IInzigned1E Bx-ln.
IInzigned3z2 Bx-ln.
Float32 Be-n/tas
1 BY'TE Bi<-Out/h
1'wWORD B=-0utdt
2w 0ORD B=-0utdt
3WwWORD B=-Outdt
4'wORD B=-Outdt
BWwORD B=-Outdt
B'wWORD B=-Outdt
7w ORD B=-0utdt
2w ORD B=-Outdt
16w ORD B=-Out,
32WORD B=-Out,
B4 'WORD B=-Out,
1 Buyte B=-nMash
1'wWORD B,
2'wORD Bx-nM.
IWORD Bx-nM.
4'wORD Bx-nM.
BWwWORD Bx-nM.
B'wWORD B-nM.
7WwWORD B,

3WORD BrdndM—

16 WORD Bx-ndhk
32WORD Bx-ndhk
64 WORD Bx-ndhk

- C 3 =]
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K-Bus
K-Bus

BX Settings tab
=Bl SYSTEM - Configuration

ﬂ; Real-Time Settingz
o [BR Additional Tasks

=-5M PLC - Configuration
- JEE B5e3100 Project
== B3 00 Project-image
=-[B1 B Task
& &1 Inputs
- §) Outputs
= 140 - Corfiguration
Elﬁ [0 Devices
=-E8 Bx3100 - DP-Slave Device
- =t= Device T-lmage

ME Box1 [BXI100)

General EX Settings | B Diag | ATC |

[ Clear Outputs on Ereakpaint

K.-Buz Sync Mode

% E-Bus sprchron to PLE-Task 1
" K-Buz synchron to PLC-Task 2
" K-Buz synchron to Fieldbus

—Reaction an F.-Busg Eror

% K-Bus-nputs will be zet 0
" K-Buglnputs will be unchanged

—Reaction on PLC-5top
% PLC-Outputs will be zet 0

=-E9 Bx3100 - KBus-Device
—=¥= Device Zmage
- KBusinterfacs
H-g8 Mappings

" PLC-Outputs will be unchanged

Check Terminals during Start-up

When a boot project is created, the current Bus Terminal configuration is stored. The connected Bus Terminals are
checked when the BX is restarted. If this option is selected, the Bus Terminal Controller will not commence data
exchange. The PLC project will not be started.

Auto K-Bus Reset
After correction of a K-Bus fault, the Bus Terminal Controller will automatically re-commence data exchange.

A Warning

Clear Outputs on Breakpoint
If break points are set in PLC Control, the K-Bus is no longer processed, i.e. the outputs are set to a safe state (zero).

Ensure that the outputs are reactivated immediately and that analog outputs retain their
programmed value, if this is not dealt with in your PLC project.

K-Bus Sync Mode
Writing and reading of the Bus Terminals can occur synchronous with Taskl, Task2 or the fieldbus.

K-Bus Re-Trigger

If the processor is busy dealing with the PLC project or the SSB, the K-Bus cannot be processed for a certain amount
of time. This leads to triggering of the Bus Terminal watchdog and dropping of the outputs. The Bus Terminal
Controller is set to re-trigger the K-Bus watchdog 3 times after 85 ms respectively. The K-Bus watchdog would then
be activated.

K-Bus Re-Trigger 0: 100 ms

K-Bus Re-Trigger 1: 2 x 85 ms = 70 ms

K-Bus Re-Trigger 2: 3 x 85 ms = 255 ms

K-Bus Re-Trigger 3: 4 x 85 ms = 340 ms

Reaction on K-Bus Error
In the event of a K-Bus error, the K-Bus inputs are set to "0" or retain their last state.

Response on PLC-Stop
The user can set the behavior of the fieldbus output data in the event of the PLC project being stopped. The master
will use these data as input data. In the event of a PLC stop, the data can be set to "0" or remain unchanged.
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BX Diag tab
Display of cycle time for task 1, task 2, K-Bus, fieldbus processing and SSB overhead.

=Bl SYSTEM - Canfiguration
! PLC - Configuratian
El. [0 - Configuration
Elﬁ [0 Devices
: ..ﬁ B3100 - DP-Slave-Device || PLC-Task 1 [ps): |1542 |'|E13
@ ER BX3100- KBus-Device
"i’% t appings

Eenerall Ei Seftingz B Diag |

Actual Value b a=imurm Y alue

PLC-Task 2 [ps]: | |

K-Bus [pa): |512 EE

Fieldbus (us]: |26 Ja1

55B-0verhead [%]: | | | Factory Settingz I

Factory Settings - the Bus Terminal Controller is set back to its delivery state. These settings are reactivated via
Restart System or by switching the system off and on again (display shows DEFAULT-CONFIG).

K-Bus variables

23 Box 2 (Cx1100K8)
-1 Inputs
T Plointerface

gl EBus-State

Cutputs

Tem 2 (KL1032)

Temmn 3 (KL1032)

F]
s
o

s.;::-.r.;:ug

PLClInterface: Not supported (only included for moving CX or BX projects)

KBus-State: see Diagnostics
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PLC

Inserting a PLC project
For variable mapping, configuration has to be specified in the system manager. This is where the link between PLC
and hardware is specified. The variables can process and link bit, byte, word or data structures. Automatic
addressing via the System Manager is possible, but should be checked for offset.

A valid project has to be compiled and saved in PLC Control. These data are saved as a *.tpy file. For inserting a
PLC project, right-click on PLC - Configuration. Select your current PLC project.

D@l S| B R
& +- Bl SYSTEM - Configuration
----- ' MC - Configuration
B 8 EORSITEW - pend PLC Project..
. +-E@ /0 Der
i"‘% k appin E Faste Chrl+
BB Paste with Links Alt+Cirl+y

Link the PLC variable with the hardware (e.qg. digital Bus Terminal).

- BX3100 Slave Test.tsm - TwinCAT System Manager - '‘Box 1 [BX3100])'

File Edit Actionz “iew DOptionz Help
[Deed &Ry B LR @R
m SYSTEM - Configuration : :
EI' PLLC - Configuration Variable I Flags I I:Inllnel
=- 153'[1: B3100 Project :
..... + E3100 Project-mage Mame: IM.-'—"-.IN.EltEI
El %T [nputs
T MAINBID Group: [Inputs
@T kAN Bit] _ 00
% MAIN B2 Address: o
= ‘l;TtT-;EN Bitd Linked to... I IInput . Channel 1. Term 7 (K
..... i
""" gl MAIN Bit3 Attach Variable MAIN.BitD [Input)
I';'I! 1/0 - Configuration
ﬁ [0 Devices =4 10 - Configuration

El HP B=3100 - DP-Slave-Device
- =t= Device 11mage

S B 1 [EX3100]

l m Bx3100 - KBus-Device

&8 Mappings

=3 1/0 Devices
- BX3100 - KBus-Device
-3 KBusInterface
= ;5 Term 7 (KL1002]

----- B Input > I 16.0, BIT [01]

Once all links have been created, activate the configuration Actions/Activate Configuration (Ctrl+Shift+F4) and start
TwinCAT Set/Reset TwinCAT to Run Mode. Ensure that the correct target system is selected (bottom right in the

System Manager window).

¥ seriell (1.1.1.1.1.4)
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Measuring the PLC Cycle Time
The task time is set in PLC Control. The default setting is 20 ms.

s

Eile Edit Project |nzertt Estraz Online ‘window Help

BB 5@ B2 2R ]

Tﬁ‘l S — i Taszk configuration =]

- Global Variables El--t.;@Task configuration | Taskattributes |
G- library STAMDARD.LBES.6.98 o # System events

..... (i) Library Manager i Mame: IStandard

..... Lo

""" F'LgI: Configuration ot ID

@ - Tupe
&+ cpclic

£ feewhesling
) miggeredlby event

€ higgered byl external event

Properties

Interval [e.g. tH200msz]: ITﬂEDITIS II'I'IS "I

In the default setting, the PLC program is called every 20 ms, as long as the general cycle time is less than 20 ms.
The cycle time can be measured in the System Manager in order to determine your system load. To ensure trouble-
free operation, the set task time should be 20 to 30 % higher than the measured cycle time. A precise cycle time
breakdown can be found under K-Bus tab description.

e BX3100 Slave Test tzm - TwinCAT System Manager - "Slave Nr. 2 [BX3100)

File Edit Action: “iew Ophtons Help

D= lEE e s =
=B SvSTEM - Configuration
ﬂ; Real-Time Settings

B Additional Tasks 20000 ps

ga v H &

R B R0 e

Tazk  Online |

Total 14788 p=

=-§B PLC - Configuration LFU 4785 by

=€ Bx3100 Project
=f= BX3100 Project{mage WWMW
=-[B1 BX Task
%T Inputs
.,L Outputs
=1 10 - Configuration
=B 1/0 Devices
E@ Bx3100 - DP-Slave-Device
= Device 1-mage
M Box 1 (Bx3100)
- Bx3100 - KBus-Device
-=¥a Device 2-lmage
ﬂj K.Bus-Interface
-85 Mappings

0 p=

Exceed counter: 0 Reset |

Fieldbus Components 49



Safety Instructions BECKHOFF New Automation Technology

KS2000

KS2000

The KS2000 software can provide assistance for the configuration or diagnosis of the connected Bus Terminals. The
KS2000 software cannot be used for parameterization or configuration of Bus Terminal Controller of BX series and
BCxx50. The TwinCAT System Manager has to be used for the settings.

P The COM 1 interface features automatic baud rate detection between 9.6 and 56.4 kBaud'.

Note

The BXxxxx Controller is supported from version 4.3.14.

—

Note
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5. Programming

BCxx50 PLC features

Description Value

Data memory 32 kbyte

Program memory 48 kbyte minus task-configuration minus POUs during online change
Source code memory 128 kbyte

RETAIN 2 kbyte

INPUT 2 kbyte

OUTPUT 2 kbyte

FLAG 4 kbyte

Max. variable size 16 kbyte

Max. POUs Limited by memory
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TwinCAT PLC

The Beckhoff TwinCAT Software System turns any compatible PC into a real-time controller with a multi-PLC system,
NC axis control, programming environment and operating station. The TwinCAT programming environment is also
used for programming the BC/BX. If you have TwinCAT PLC (Windows NT4/2000/XP) installed, you can use the
fieldbus connection or the serial port for downloading and debugging software. If you are programming with TwinCAT
BC (also compatible with Windows 95/98/ME), the connection to the BC is made exclusively via the serial port.

TwinCAT 1/O or TwinCAT PLC can also be used as the Ethernet Master (host), in order to exchange process data
with the Bus Terminal Controller. TwWinCAT provides you with the System Manager as a configuration tool, as well as
the drivers and the ADS protocol.

Bus Terminal Controller of BX series and BCxx50

These 2nd-generation Bus Terminal Controllers are configured with the TwinCAT System Manager and programmed
with TwinCAT PLC Control. TwinCAT PLC has to be installed (Windows NT4, Windows 2000, Windows XP) for these
couplers.

Minimum requirement: TwinCAT from Version 2.9 build 940

Programming and program transfer

* viathe serial interface

* viathe fieldbus interface (only at Bus Terminal Controllers for PROFIBUS, CANopen and Ethernet)

Online Change

The Bus Terminal Controller of BX series and BCxx50 supports online change. This means that the PLC program is
replaced with a new program without interrupting the program. The switch-over to the new program occurs after the
task is completed. This means that two versions of the PLC program have to be stored. 512 kB are available, which
therefore have to be divided by 2, leaving 256 kB for the actual program. In addition, several kB are required for task
configuration etc. During an online change, dynamic data are stored in memory. Should a program approach the
memory limit (program size greater than 240 kB), the online change may no longer work, even though the program
may still be written to the BX after "Rebuild all".

When is online change not available?
Online change is not available under certain conditions

* Inserting of a new library
* Change in task setting
*  "Rebuild all*

e Controller memory limit is almost reached (PLC program greater than 90%)
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TwinCAT PLC error codes

Error type Description
PLC compiler error Maximum number of POUs (...) exceeded
PLC compiler error Out of global data memory ...

Error POUs

For each block one POU (process object unit) is created. 256 blocks are available by default.

Error 3612: Maximum number of FOUs (100) exceeded! Compile is aborted.
Data allocation
1 Error(s), 0 Warning(s).

If libraries are integrated this value may be insufficient. In this case, the number of POUs should be increased.
To this end, open

! TwinCAT PLC Control (PRERELEASE SOFTWARE, |
File Edit Project Insert Extras Online Window Help

s |o=||  Buid Ctrl+Fa
% Rebuild all

EI_H Clean all
230
Load download infarmation. ..

EE'"'D E
EH-_JE Object 3
E-[C]E DataBase Link *
B Options...

..... L

..... m L Translate into other languages r

""" F Document, ..
@_ Export...

..... T Import...
..... {% W Merge...

----- BN Compare...

the controller settings in the PLC Control under Projects/Options.

e

Options

Cateqary:

hii?ﬁfif'n‘;’jﬁm RaM Size [KB) 792 Default  |EX3100

Editar

Desktop [
Colars
Directaornies
Log

Build
Pazswords b aximal Mumber of POz 100

Source download

Syrbal configuration Code [kE] Drata [kE]
Project zource control
M acros

Controller Settingz li li
Contraller &dvanced E=5 el

[v Byte aligned addresses

L

Changing these settings will deactivate online changes.
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Global memory error

Interface of POL "MAIM

Data allocation

Error 2803: MAIM (7). Cut of global data memaory. Yariable Test_', 16002 bytes.
1 Error(s), 0 Warningis).

2 x 16 kB of data are available by default. If large data quantities are to be used, this range should be increased. A
maximum of 14 data segments are possible for the BX.

! TwinCAT PLC Control (PRERELEASE SOFTWARE, |
File Edit Project Insert Extras Online Window Help

z = Build Ctrl+Fa

=|| =
< Rebuild all
EI_H Clean all

[]"'I:EISE Load download information. ..
HE-[1EF Object 3
HE-3]E DataBaselink »
2 Options. .

..... L

..... m L Translate into other languages »

""" R Document...

..... E“': c Export...
..... ] T Import...

""" Q W Merge...

""" a®a Compare...
-
Options
Cateqony:
Load & Sa'-.fe_
E;E;rlnfﬂrmatlﬂn V¥ Debugging Murnber of data segments: |2_
Dezktop | Replace constants
Eli:rl!:éfmies W Nested comments Exclude objects ... |
Log | Create binam file of the application
Build . .
W
Passwords v Actions hide programs
Source download | Treat LREAL as REAL
Symbol configuration ]
Project zource contral Macro before compile: |
Macros ]
Contraller Settings Macro after compile: |
Controller &dvanced
Compiler wersion
v LUlze latest
Fis: J
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Remanent data

2 kB of remanent data are available for the BX controller. These data are declared as VAR RETAIN in PLC Control:
Example:

VAR RETAIN
Test :BOOL;
Count :INT;

END_VAR

Retain data are located between VAR RETAIN and END_VAR. These data are stored in a NOVRAM and are
consistent across the whole 2 kB range. The RETAIN data are stored in the NOVRAM after each cycle. For 2 kB
approx. 2 ms are required (for 1 kB approx. 1 ms). The variables can be configured locally or globally. Variables are
located (%l...,%0Q.., %M...) are not use as a Retain data.

. VAR_RETAIN should not be used in function blocks. All FB data are copied into the retain
l memory. This leads to an unnecessary increase in cycle time, and the retain memory is
Note filled with unnecessary data.
. Variables, they have an address (%l...,%Q.., %M...), are not allowed to declare as a retain
1 variables.
Note

Example for remanent data in the function block

Because all the data in a function block will be saved if even only one remanent bit is included, this should be
avoided if at all possible. A programming example can be found below.

Function block Test (no program code required - in ST a semicolon is sufficient)
FUNCTION_BLOCK Test

VAR_INPUT

END_VAR

VAR_OUTPUT

END_VAR

VAR

END_VAR

VAR _IN_OUT
Counter :INT;

END_VAR

MAIN program
PROGRAM MAIN

VAR
fb_Test:Test;

END_VAR

VAR RETAIN
iCounterl:INT;

END_VAR

fb_Test(Counter:=iCounterl);
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Allocated Flags

4 kB of allocated flags are available. They can be used to assign different variable types to the same address, e.g. for
converting strings to bytes. Data can also be placed here that can be read or written via ADS by the controller.

i

Reading/writing of allocated flags via ADS

Note

The BX Controllers do not save the allocated variables as remanent data.

The flags may also be read via the controller and ADS. In PROFIBUS, the DPV-1 services are used for this purpose,

in CANopen SDO communication is used.

The AmsNetld can be taken from the System Manager, or it can be displayed in the BX menu.

The PLC port number is 800.

Index group Meaning
0x4020 Flag (only BXxxx0) 0..4096
Example
BX program
VAR
Flag_01 AT %MBO0: WORD;
END_VAR
TwinCAT PC/CX Master Programm
VAR
foADRSREAD: ADSREAD;
Flag_M: WORD;
END_VAR
foADRSREAD(
NETID:='172.16.3.0.2.3', (* AMSNetld BX *)
PORT:=800, (* 800 - PLC *)
IDXGRP:=16#4020 , (* 0x4020hex flags * )
IDXOFFS:=0, (* byte offset *)
LEN:=2, (* Lenght byte *)
DESTADDR:=ADR(Merker) ,
READ:=TRUE ,

TMOUT:=t#1s );
IF NOT fbADRSREAD.BUSY THEN
foADRSREAD(READ:=FALSE);
END_IF

56
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Local process image in delivery state

The process image of the BX controller consists of an input, output and flag area. In addition, there are unallocated
data without fixed address. They are created without specifying an address. For this type of variable, 256 kbyte (48
kbyte BCxx50) of memory are available on the BX Controller. The maximum size of a variable or structure (array) is
16 kbyte. For the allocated data 2048 bytes of input data and 2048 bytes of output data are available. The BX has 4
kbyte of memory for the allocated flag area. In the delivery state (default configuration) of the BX, fixed addresses are
allocated for all connected Bus Terminals. The data for PROFIBUS communication start from address offset 1000gec.
The length of the PROFIBUS data depends on the number of configured data. The maximum length is 244 bytes
(BX3100) / 128 bytes (BC3150).

Inputs Outputs

Bus Terminal %IBO ... Bus Terminal %QBO0 ...

PROFIBUS data (PLC variable) %IB1000 ... PROFIBUS data (PLC variables) %QB1000 ...
... %IB2047 Maximal ... %0QB2047 Maximal

Addressing of the connected Bus Terminals

The default setting is for all the connected Bus Terminals to be assigned to the local process image. Mapping within
the Bus Terminal Controller is carried out according to the following rule:

First come all the complex Bus Terminals, in whatever sequence they are physically inserted, followed by the digital
Bus Terminals which are padded to a whole byte. The default mapping of the complex Bus Terminals is:

e complete evaluation
* Intel format

* Word alignment

Example structure

Bus Terminal Controller: 1 x BXxxxx/BCxx50
Position 1: 1 x KL1012
Position 2: 1 x KL1104
Position 3: 1 x KL2012
Position 4: 1 x KL2034
Position 5: 1 x KL1501
Position 6: 1 x KL3002
Position 7: 1 x KL4002
Position 8: 1 x KL6001
Position 9: 1 x KL9010

Process image

Bus Terminal Position Input image Output image
KL1501 5 %IBO0...%IB5 %QBO0...%QB5
KL3002 6 %IB6...%IB13 %QB6...%0QB13
KL4002 7 %IB14...%IB21 %QB14...%0QB21
KL6001 8 %I1B22...%IB29 %QB22...%0QB29
KL1012 1 %I1X30.0..30.1 -

KL1104 2 %IX30.1..30.5 -

KL2012 3 - %QX30.0..30.1
KL2034 4 - %QX30.2..30.5
KL9010 9 - -
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If you do not know the address of the Bus Terminals that you have assigned to the local
PLC (BC/BXxx00):

Note Perform your hardware configuration in the System Manager. After you have entered all the
Bus Terminals and PLC variables, click with the right mouse button on the BC/BXxx00 in
the hardware tree, and select the menu item Export variables information.... A file is saved,
and this file can be inserted in the System Manager under Project - Import. Now you will
have the entry TwinCAT import under the global variables, and you will find here all the
variables that you have assigned to the local PLC (BC/BXxx00).

—
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Mapping of the Bus Terminals

The precise assignment of the byte-oriented Bus Terminals may be found in the configuration guide for the particular
bus terminal. This documentation is available on the Beckhoff CD Products & Solutions or on the Internet under
http://www.beckhoff.com.
Byte oriented Bus Terminals Bit oriented Bus Terminals
KL1501 KL10xx, KL11xx, KL12xx, KL17xx
KL25xx KL20xx, KL21xx, KL22xx, KL26xX, KL27xX
KL3xxx
KL4xxx
KL5xxx
KL6xxx
KL8xxx
KL9110, KL9160, KL9210, KL9260

Fieldbus Components 59



Safety Instructions

BECKHOFF New Automation Technology

Local process image in the TwinCAT configuration

The TwinCAT configuration (TwWinCAT CONFIG) enables free mapping between PROFIBUS / K-Bus / PLC variables.
Variables can be linked independent of their address via the System Manager.

= ! PLC - Configuration
=-1EE AX2000_demo_1
=f= AX2000_demo-Image
= BX Task
= %T Eingénge
vl AX20005tatus
&1 AX2000PosIN
¢l NodeState
%7 bInput™
&1 binput @ | Change Link...
T bInput
T bInput
+ .l Ausgange
=l 1/0 - Configuration
- B 1j0 Devices
--E@ BY - Device
+ Device 1-Ti
= ﬂj FBus-Inter
%T Inputs

j Term 2

ey

# EndTe
+- B Device 3 (BX-
+ §5 Mappings (3, Add To Watch

$. cutpy +3 online Write. ..
B Term 2 +3 Online Eorce. ..

vanaws | Hags

Mame:
Type:
Group:
Address:

unineg

blnput0
BOOL
Eingange
16.0

able

LE -

: 800

Attach Variable blnput0 (Input)

1/0 - Configuration
-85 |0 Devices
- 3% B - Device

o % Tem 2 [KL1104)

&1 Eimgang > I% 0.0, BIT [01]

+- 3% Device 3 [Bx-M510)

In the TwinCAT configuration, all Bus Terminals have fixed addresses. If a Bus Terminal is inserted, the whole
address range may be shifted. Many data are unnecessary and take up valuable address memory space. The
TwinCAT configuration rectifies this disadvantage. Allocated variables can be linked freely with a Bus Terminal.
Parameterization is carried out in the System Manager, and the configuration is then transferred to the BX (see

TwinCAT configuration).
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Creating a boot project

Approximately 250 kB of flash are available.

For creating a boot project
e on the Bus Terminal Controller of BX-Series app. 250 kByte of flash are available

e on the Bus Terminal Controller of BCxx50-Series app. 48 kByte of flash are available

PLC Control

After logging in, a boot project can be created in TwinCAT PLC Control.
e  Opening a PLC project
e Selecting the target system (or selection the serial interface)
e BX/BCxx50 login

e  Creating the boot project (Online\Create boot project)

Once a valid boot project is present on the BX/BCxx50 controller, the green PLC LED is on.

At the Bus Terminal Controller of BX-Series the PLC LED will flash orange during the creation of the boot project. If
no boot project is available on the BX the PLC LED shines orange.

Deleting a boot project

A boot project can be deleted from the BX/BCxx50. The following steps must be followed:
e Opening the project
e BX/BCxx50 login

¢ Deleting the boot project (Online\Delete boot project)

Once the boot project was deleted, the PLC LED will be orange.

After an online change, the boot project is still the old project. To use the current project

L]
l Not (after the online change) as the boot project, the boot project has to be recreated.
ote

Bypassing the start of the boot project*

At the Bus Terminal Controller of BX-Series the start up of an existing boot project can be avoided by pressing the
Navi switch during booting. This will not delete the boot project. The project can still be used when the controller is
switched on again.

* from version 0.85
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Communication between TwinCAT and BX/BCxx50

It makes sense to define a data structure for transferring data between TwinCAT and Bus Terminal Controller. Please
note the following to account for the differences in data management on the two systems.

* If two different data types are sent in sequence (e.g. byte and INT), the following variable is set to the next
even address offset

* Boolean variables should never be allocated individually within a structure, since they would invariably oc-
cupy 1 byte. Boolean expressions should always be masked in a byte or word.

Example 1: Structure on the BX and on the PC

Variable BX memory PC memory (TwinCAT)
Byte %..B0 %..B0
INT (1) %..B2 %..B1
INT (2) %..B4 %..B3

Because the first byte is followed by a different variable type (INT), it was set to the next free even address in the
BX/BCxx50. In order to achieve the same data structure on both systems, a dummy byte has to be inserted in the PC
project (see example 2).

Example 2: Structure on the BX and on the PC with ident  ical memory allocation

PC memory
Variable BX memory (TwinCAT)
Byte %..B0 %..B0
Byte %..B1 (not necessarily required, since the system deals with this itself if the = %..B1
(Dummy) | variable does not exist)
INT (1) %..B2 %..B2
INT (2) %..B4 %..B4

Data structure

Type PB_Data
STRUCT
wVar_1:WORD;
iValue_1:INT;
iValue_2:INT;
iValue_3:INT;
END_STRUCT
END_TYPE

Creating a variable structure

VAR_Global
strData_Out AT %QB1000:PB_Data; (*PLC Variables *)
binput_01 AT %I1X0.0:BOOL; (* Input from a termi nal *)
END_VAR

Small programming example
strData_Out.wVar_1.0:=blnput_01;

. A mixed data structure should not contain any Real values. If it does, the High and Low
l word must be swapped in the BX/BCxx500r in the TwWinCAT master project. It is better to
Note use an array of Real values or to transfer the Real values individually.
. It is also possible to transfer larger fieldbus data blocks, in order to leave a reserve for your
l Not structure. Disadvantage: These reserves are then transferred with each fieldbus telegram,
ote

causing additional load for the fieldbus communication.
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Up- and downloading of programs

The Bus Terminal Controller has 256 kB of memory for the source code. It can be used for storing the program, the
task configuration, and the libraries. Should the memory be insufficient, the source code may be stored without task

configuration and libraries. This takes up significant less memory space!

General Settings

The timing of the source code download to the target system can be specified via Edit/Options.

LCategary:

Load & Save
Uzer Infarmation
Editor

Desktop

Colors
Directories

Log

FPazswordz

‘S ourcedownload
Symbol configuration
Project zournce caontral
Macros

TwinCAT

Fieldbus Components

— Timing

= Implicit at load
= Motice at load

" Implicit at create boot project

& On demand

E wtent

" Sourcecode only

i Al files
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Downloading a program

The source code can be transferred to the target system on request. This requires the user to be logged in with his
program. Under Online/Sourcecode download the program code can now be transferred to the Bus Terminal
Controller.

PLC Control - B=3100 M aster Prog.pro
roject  Inzert  Eatraz "Window Help

J |@|"d|5 [Caqty il
Logout F12

Weawmlaad

i_TEST [PRG] Fm F5

M PRG] Sto Shift+F&

M [PRG) Hefet T 2 (%
Reset Al iT_2_01

ata_ Al
Togale Breakpaint Fd te_Arrre
Breakpaint Dialog T 22(%
Stem over i _22 (%l
Step i Fa SIN (I
Single Cucle Chl+F5 COS (%
e IEN

Wirite Yalues Ctrl+F7 skinfo
Force Yalues F¥
Relzaze Force Shift+F7
Wirite/Farce-Dialog Clrl+Shift+F 7
Show Call Stack... -; -0
Drizplay Elow Control Ctrl+F11 i
Simulatiom ode Ot (%e
[EammumiEation Barameters...
[Etromze Bun: ime Spsten...
Create Bootproject

FE_Dut_Data_Arrray
FE_Dut_Data_Arrray

After a short delay, a window will open that indicates the download progress.

i TwinCAT PLC Control |

gource.dat: 21504 of 71004 bytes
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Uploading a program

For uploading the program code again, open a new file in PLC Control. Then click on the PLC button.

Search in; I'ahi' j El
I:IiTest'

File name: I".pr-:u;".prE | Open I
File bype: ITwinE.-'-‘-.T PLC Contral Project [F.pra) j Cancel |

Open project from PLC PLC ...

Dpen project from Source code manager EMI ...

Select the data transfer route. For the Bus Terminal Controller
- BCxx50 or BX via AMS, if they are connected via the fieldbus with the BX, or
- BCxx50 or BX via serial, if they are connected via the serial interface.

Choose Target System Type
" PC(i336)
™ BC via AMS Carcel
" BC zerial
{¢ BCumB0 ar B via AMS
(" BCwxB0 ar B via zerial

Then select the device and confirm with OK.

Choose RBun-Time System

-4 ~Llocal- [17216.3.106.1.1)
- IEE Bun-Time 1 [Part 801)
-8 <Defaul: (255255 255 255 255 265) Cancel
& Slave Nr 22 [Bx3100] [17216.3.106.2.3)
-8 Slave Mr. 2 [BX3100] [17216.3106.2.2)
R - Timne 1 (Port 200)
-8 Device 1 [FCI10x] [17216.2.106.21)
-8 BCO0O017216.200.100 (172.16.201.100.1.1) Wersion Info...
-8 BCO0O017216.20080 (172.16.200.801.1)
-8 BCOOOD17216.144.144  [17216.144.144.1.1)

E o]

The source code will now be uploaded.
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Password

You can protect your project with a password (in PLC Control Project/Options/Passwords).
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Libraries

Libraries overview

The TwinCAT Automation Software offers various libraries for the BCxx50 series Bus Terminal Controllers (Bus
Coupler with PLC functionality) (see BECKHOFF information system).

Download

The libraries are also included in this documentation. For extracting the libraries, click on the disk icon with the left

mouse button and copy the libraries into the directory TwinCAT\PLC\LIB.

e  Standard ‘E

e TcSystemBCxx50 ﬂTcSystemBCxxSO requires the TcBaseBCxx50 library.

o TcBaseBCxx50 ’E

«  ChrascBX.lox ‘i

Note

ADS

ADSREAD
ADSWRITE
ADSRDWRT
ADSWRTCTL
ADSRDSTATE
ADSRDDEVINFO

Bit Functions

CLEARBIT32
CSETBIT32
GETBIT32
SETBIT32

Controller

FB_BasicPID

File Access

FB_ReadFromFile
FB_WriteToFile
FB_ReadWriteFile

Fieldbus Components

Version

Version

Version

Version

Firmware
BC3150
BO

BO

BO

BO

BO

BO
Firmware
BC3150
BO

BO

BO

BO
Firmware
BC3150
BO
Firmware

BC3150

BC5150
BO
BO
BO
BO
BO
BO

BC5150
BO
BO
BO
BO

BC5150
BO

BC5150

BC5250
Bl
Bl
Bl
Bl
Bl
Bl

BC5250
Bl
Bl
Bl
Bl

BC5250
Bl

BC5250

Always use the latest libraries in conjunction with the latest BC firmware. If you update the
firmware of your Bus Terminal Controller, please also update the libraries. Copy the new
libraries into the LIB folder, remove them from your project and re-insert them.

TcSystemBCxx50

BC8150 -
BO -
BO -
BO -
BO -
BO -
BO -

BC8150 -
BO -
BO -
BO -
BO -

BC8150 -
BO -

BC8150 -
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Firmware
Memory Functions Vversion BC3150 BC5150 BC5250 BC8150 -
MEMCMP BO BO Bl BO -
MEMCYP BO BO Bl BO -
MEMMOVE BO BO Bl BO -
MEMSET BO BO Bl BO -
Firmware
NOVRAM Functions Version BX3100 BX5100 BX5200 BX8000 -
Firmware
SFC Version BC3150 BC5150 BC5250 BC8150 -
AnalyzeExpression - - - - -
AppendErrorString - - - - -
SFCActionControl - - - - -
Firmware
System / Time / TBus Version BC3150 BC5150 BC5250 BC8150 -
DRAND BO BO Bl BO -
SYSTEMTIME_TO_DT BO BO Bl BO -
DT_TO_SYSTEMTIME BO BO Bl BO -
GetSysTick BO BO B1 BO -
PresetSysTick BO BO B1 BO -
Reboot BO BO Bl BO -
Firmware
Debug Version BC3150 BC5150 BC5250 BC8150 -

F_ReadDebugTimer -
F_StartDebugTimer -
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TcBaseBX
System Task Info
VAR_GLOBAL
SystemTaskinfo : SYSTEMTASKINFOTYPE;
END_VAR

System flags are implicitly declared variables. Using the Input Assistant, a variable SystemTaskInfoArr can be found
under system variables. This variable is a field with four structures of type SYTEMTASKINFOTYPE. The structure
definition can be found in the system library. The index in this field is the task ID.

Development environment Target system type PLC libraries to be linked

TwinCAT v2.9.0 BCxx50 Controller TcBaseBCxx50.1bx
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System task info type
TYPE SYSTEMTASKINFOTYPE

STRUCT
active : BOOL;
taskName : STRING(16);
firstCycle : BOOL;
cycleTimeExceeded : BOOL;
cycleTime : UDINT;
lastExecTime : UDINT;
priority : BYTE;
cycleCount : UDINT;
END_STRUCT
END_TYPE
Key

active: This variable indicates whether the task is active.

taskName: the task name.

firstCycle: during the first PLC task cycle, this variable has the value TRUE.
cycleTimeExceeded: this variable indicates whether the set task cycle time was exceeded.
cycleTime : set task cycle time in multiples of 100 ns.

lastExecTime: cycle time required for the last cycle in multiples of 100 ns.

priority: set task priority.

cycleCount: cycle counter.

Development environment Target system type PLC libraries to be linked

TwinCAT v2.9.0 BCxx50 Controller TcBaseBCxx50.1bx
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System Info
VAR_GLOBAL

Systeminfo : SYSTEMINFOTYPE;
END_VAR

System flags are implicitly declared variables. Using the Input Assistant, a variable System Info can be found under
system variables. The type SYSTEMINFOTYPE is declared in the system library. For accessing the variable, the
system library has to be integrated in the project.

Development environment Target system type PLC libraries to be linked

TwinCAT v2.9.0 BCxx50 Controller TcBaseBCxx50.Ibx
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System Info Type
TYPE SYSTEMINFOTYPE

STRUCT
runTimeNo : BYTE;
projectName : STRING(32);
numberOfTasks : BYTE;
onlineChangeCount : UINT;
bootDataFlags : BYTE;
systemStateFlags : WORD;

END_STRUCT

END_TYPE

Key

runTimeNo: specifies the number of the runtime system (1).

projectName: project name as STRING.

numberOfTasks: number of tasks contained in the runtime system (max. 1).
onlineChangeCount: number of online changes since the last complete download.
bootDataFlags: Reserved

systemStateFlags: Reserved

Development environment Target system type PLC libraries to be linked

TwinCAT v2.9.0 BCxx50 Controller TcBaseBCxx50.1bx
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ADS
Local ADS Port Numbers

Port number  Description
100gec Reading and writing of registers and tables from the coupler and the complex Bus Terminals

801gec Local PLC process image
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ADS Services

Local process image task 1 port 801

Data can be read from and written to the local process image. If it is necessary for outputs to be written, it is
important to ensure that they are not used by the local PLC, because the local controller will overwrite these values.
The data is not associated with a watchdog, and therefore must not be used for outputs that would have to be
switched off in the event of a fault.

Index group Meaning Index offset (value range)

0xF020 Inputs 0...2047

0xF030 Outputs 0...2047

0x4020 Flags 0...4095

ADS services

AdsServerAdsState

Data type (read only) Meaning

String Start - the local PLC is running

Start - the local PLC is stopped

AdsServerDeviceState

Data type (read only) Meaning

INT 0 — Start - the local PLC is running
1 — Stop - the local PLC is stopped

AdsServerType

Data type (read only) Meaning

String BX PLC Server

Register port 100

The ADS port number in the Bus Terminal Controller for register communication is fixed, being set at 100.

Index offset (value range)
Index group Hi-Word Low Word Meaning

0 [READ ONLY] 0..127 0..255 Registers in the Bus Coupler
High word, table number of the Bus Coupler
Low word, register number of the table

1-255 0-3 1-255 Register of the Bus Terminal
High word, channel number
Low word, register number of the Bus Terminal

. Note when reading the register that the time out for the ADS block is set to a time longer
| than 1 second.

Note
. Note when writing to the registers that the password is set (see the documentation for the
l particular Bus Terminal).

Note
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BX Debug Function

BX Debug Function - Overview

These functions can be used for measuring command execution times in a PLC project. The unit is a tick. One tick

corresponds to 5.12 ps.

Start Debug Timer function

F_STARTDEBUGTIMER

Calling this function starts the timer. The return value is "0".

Read Debug Timer function

F_READDEBUGTIMER

This function reads the timer value. The return value has to be multiplied with 5.12 ps.

Example

VAR
Timer_BX :WORD;
i ANT,;
END_VAR

Program

F_STARTDEBUGTIMER();
For i:=0 to 1000 do

END_FOR

Timer_BX:=F_READDEBUGTIMER();

Fieldbus Components

F_StartDebugTimer : WORD—

F_ReadDebugTimer ; WORD—
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Program Transmission

Transmission via Serial Interface

Every Bus Terminal Controller can be programmed via the PC's RS232 interface.

Select the serial interface in TwinCAT PLC Control.

Choose Target System Type
" PC [i386)
" BC via AMS Cancel
" BC zerial

" BCxx50 or B wia AMS
(+ BCuwG0 or B via senial

The settings for the serial interface, port number, baud rate etc. are found under Online/Communication parameters
in PLC Control.

The Bus Terminal Controller requires the following setting:

* Baud Rate: 9600/19200/38400/57600 baud (automatic baud rate detection)
e  Stop bits: 1

e Parity: even

Communication Parameters

Baud rate

£° 4800 ° 9600 Egm; - \LI
=N

{59200 38400 Egﬂﬁ Cancel

" 57600 ¢ 115200 COME:

COME: ™
Stop Bitz P arity
a1 15 2 " Ma Parity
+ Ewen
" 0dd

Transmission via the serial interface and ADS

The Bus Terminal Controller can be programmed via the PC's RS232 interface. Before it can be used, the TwinCAT
has to be made aware of the Bus Terminal Controller (see serial ADS).

Select the ADS connection in TwinCAT PLC Control.
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Choose Target System Type
" PC(i336)
™ BC via AMS Carcel
" BC zerial
{¢ BCumB0 ar B via AMS
(" BCwxB0 ar B via zerial

PLC Control can be accessed via Online/Communication Parameters....

Choose Run-Time System

- ~Local- [17216353.1.1) ”~

% Run-Time 1 [Port 801
—- & Brzerell [1.1.1.1.1.7) Cancel

e Fun-Time 1 [Port 200

bl

Yerzion [nfo...
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Transmission via PROFIBUS

TwinCAT offers a facility for transferring the application program to the BC/BX via the fieldbus. The BC/BX can be
selected as the target system in PLC Control, after saving in the registry and restarting the TwinCAT system. The
TwinCAT-level TwinCAT PLC is necessary.

Minimum requirements:
e FC310x with firmware from 2.0

*  TwinCAT 2.9 build 945

Initializing the BC/BX

The coupler must first be made known to the system before it can be selected in PLC Control.

Enter the Bus Terminal Controller in the System Manager, specify type, quantity and size of the fieldbus variables
and link them with a task. For the subsequent program download via PROFIBUS, the ADS interface has to be
activated in the ADS tab of the BC/BX. Save your settings and activate the configuration. Then start the TwWinCAT
system and the cyclic task.

TwinCAT System Manager
= B SYSTEM - Configuration Generall F"rn:nfil:nusl Featurez ADS | PrmData [Te:-:t]l Diag I
A8 NC - Configuration
- BA PLC - Configuration
ﬁ Cam - Canfiguration W ADSnterface
E"E%F' sl NetiD:  [17216.3106.2.2
=B Device 1 [FC310)

=$= Device 1-mage

- Inputs

‘l Outputs

S8 rfE o 1 (B3100]
El%T [nputs
%! DpState
- ! ExtDiagFlag
#- B 2'WORD Slave-Out/Mastern
- B2 WORD Slave-n/taster-Out

--i"ﬁ b appings

PLC Control
When TwinCAT PLC Control is restarted, TwWinCAT asks for the target platform, i.e. the device on which the user
program is later to run. TwinCAT offers two target platforms for the controller, the PC or the Bus Terminal Controller.

Two routes are available to you for transmission to the Bus Terminal Controller:
* AMS for BCxx00 (Bus Terminal Controller without online change, one task)
* AMS for BCxx50 and BX (Bus Terminal Controller with online change, two tasks)

e  BC serial - serial cable for communication via the RS232 interface of the PC and the programming interface
of the Bus Terminal Controller

Choose Target System Type

" PC(i356]
(" BE via AMS Cancel

" BC zerial

{+ BCwxx50 or B via AMS

" BCwwE0 ar B via serial
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After your program has been created, select the target system under the Online toolbar. TwinCAT must be running to
do this. In the example, this is the Ethernet card with Box 1 and the Runtime 1 of the Bus Terminal Controller.

Choose Run-Time System

- ~Local- [17216.3.531.1]
IEC Bun-Time 1 [Part 801)
S W Bow 1 (BX3100) (17216.314.2.2)
fi2 Rum-Time 1 [Port 200

bl

Cancel

Yerzion [nfo...

Fieldbus Components
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Process Image

PROFIBUS process image

The BC3150 is a PROFIBUS slave device. A basic device file (GSD) is available for the configuration on the master
side, which has to be integrated in the respective master configuration software. The type and quantity of the data to
be transferred to the PROFIBUS master is specified on the slave side, i.e. in the BC3150 . The BC3150 can process
a maximum of 128 bytes of input data and 128 bytes of output data. Two configuration types are available.

No special configuration is required for the DEFAULT CONFIG. The PROFIBUS data start at a certain address offset.
The type and quantity of data is configured in the master.

TWINCAT CONFIG requires the TwinCAT System Manager. It can be used for byte-wise linking of PROFIBUS data
with PLC data, or for linking data from the K-Bus to the PROFIBUS directly.

The input data of the BC3150 are output data of the master, and output data of the BC3150 are input data of the
slave.

DEFAULT CONFIG

In DEFAULT CONFIG, all allocated variables with address 1000 or greater are transferred to the master. The type
and number of variables is configured on the master side.

Example
Var_1 AT %IB1000 :INT; a 2-byte output variable has to be configured on the master side.
Var_2 AT %IB1002 :DINT; a 4-byte output variable has to be configured on the master side.

The order of the variables on the master side must be adhered to. Address gaps are only permitted if they are
configured on the master side. Otherwise, addressing must be continuous from address 1000.

TWINCAT CONFIG

For the TwWinCAT CONFIG, a configuration must be created via the System Manager. The System Manager is used
for specifying the type and number of variables and for linking the variables. The PROFIBUS data may therefore be
located anywhere in the permissible allocated process image.

Permissible process image:
INPUT %IBO - %1B2047
OUTPUT %QBO0 - %QB2047
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6. PROFIBUS
System Introduction

Fieldbus Overview

Profibus is a manufacturer - independent, open fieldbus standard with a wide range of applications in manufacturing
and process automation. Manufacturer-independence and openness are guaranteed by the International standards
EN 50170 and EN 50254. Profibus allows devices from different manufacturers to communicate without the need for
specially adapted interfaces. Profibus is suitable both for fast, time-critical applications and for complex
communication tasks.

Profibus offers communication protocols of different functional levels: DP and FMS. According to the application, RS-
485, IEC 1158-2 or optical fiber are available as transmission techniques.

Profibus specifies the technical features of a serial fieldbus system with which distributed digital automation devices
can be networked together, from the field level up to the cell level. Profibus is a multi-master system, and therefore
permits common operation of a number of automation, engineering or visualization systems with their distributed
peripheral devices on one bus.

Profibus distinguishes the following device types:

Master devices determine the data traffic on the bus. A master may transmit messages without having received an
external request when it is in possession of the bus access authorization (token). Masters are also referred to as
active devices.

Slave devices are peripheral devices such as input/output devices, valves, drives, measuring transducers and the
Beckhoff Profibus slaves from the BK3xx0, BC3xx0, IPxxxx-B310, IL230x-B310 and 1L230x-C310 series. They do not
receive any bus access authorization, so that they are only allowed to acknowledge messages that have been
received, or to send messages in response to a request from master. Slaves are referred to as passive devices. They
only require a small proportion of the bus protocol, which means that they can be implemented with little effort.

Profibus DP

Profibus DP is designed for efficient data exchange at the field level. The central automation devices such as
PLC/PCs or process control systems communicate here over a fast serial link with distributed field devices such as
I/O, drives, valves etc.. Data is primarily exchanged with these distributed devices cyclically. The communication
functions required for this are specified by the basic DP functions in accordance with EN 50170.

In addition to these basic functions, Profibus DP also offers extended acyclic communication services for such
purposes as parameterization and other operations. These are also supported by the Beckhoff Profibus slaves of the
IPxxxx-B310, IL230x-B310 and 1L230x-C310 series. A central controller (master) cyclically reads the input
information from the slaves, and writes the output information cyclically to the slaves. The bus cycle time here should
be shorter than the central automation system's program cycle time, which lies around 10 ms in many applications.

A high data throughput is not in itself sufficient for successful use of a bus system. Ease of handling, good diagnostic
facilities and secure transmission technology are also of the utmost importance if the user's demands are to be
satisfied. These properties are ideally combined in Profibus DP.

System configuration and device types

Profibus DP allows single master or multi-master  systems to be implemented. This permits a high level of flexibility
in system configuration. A maximum of 126 devices (master or slaves) can be connected to one bus. A station
address between 0 and 99 can be chosen for the Beckhoff Profibus slaves from the IPxxxx-B310, IL230x- B310 and
IL230x-C310 series. The specifications for the system configuration contain the number of stations, the assignment of
the station addresses to the 1/0 addresses, data consistency of the 1/0 data and the format of the diagnostics
messages and the bus parameters being used. Every Profibus DP system consists of different device types.
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Three types of device are distinguished:

DP master
class 1
(DPM1)

e.g. Beckhoff
PC master
card FC310x

DP master
class 2
(DPM2)

DP slave

e.g. Beckhoff
Bus Coupler
IPxxxx-B310

This involves a central controller that exchanges information cyclically with the distributed
stations (slaves) in a specified message cycle. Typical devices include, for instance,
programmable logic controllers (PLCs) or PCs.

Devices of this type are engineering, project design or operating devices. They are used for
commissioning, for servicing and diagnosis in order to configure the connected devices, to
evaluate measured values and parameters and to interrogate the status of devices.

A Profibus DP slave is a peripheral device (1/O, drive, measuring transducer etc.) that reads
input information and passes output information on to the peripherals. It is also possible to
have devices that only handle either input or output information. The quantity of input and
output information is device-dependent, and may not exceed 246 bytes of input data and
246 bytes of output data.

In single master systems only one master is active on the bus in the operating phase of the bus system. The PLC
controller is the central control element. The distributed slaves are coupled to the PLC controller via the transmission
medium. The shortest bus cycle time is achieved with this system configuration.

In a multi-master mode there is more than one master on the bus. They either form sub-systems that are
independent of one another, each consisting of one DPM1 and the associated slaves, or additional project design
and diagnostic devices. All the DP masters can read the input and output images of the slaves. Writing the outputs is
only possible for one DP master (the one assigned as DPM1 during the project design). Multi-master systems
achieve a medium bus cycle time. In time-critical applications, the increase in bus cycle time should be observed by
adding a diagnostic tool.

Basic device files (GSD)

In Profibus DP, the performance characteristics of devices are documented by the manufacturers and made available
to users in the form of a device data sheet and of a basic device file. The structure, content and coding of these basic
device files (GSD) is standardized. They make it easy to plan a project with any Profibus DP slaves using project
planning devices from a various manufacturers. The Profibus User Organization (Profibus Nutzer Organization -
PNO) archives this information for all manufacturers, and will provide information about the GSD from any
manufacturer on request. The GSD files are read by a Profibus master configuration software, and appropriate
adjustments are transferred to the Profibus master. Please see the appropriate software manual from the master
manufacturer for a description.

The Beckhoff GSD files may be obtained from the internet under www.beckhoff.com.

Diagnostic functions

The extensive diagnostic functions of Profibus DP allow rapid fault localization. Diagnosis of the Beckhoff Bus
Coupler is not activated in the default setting of the type file or the GSD file. The diagnostic messages are transmitted
over the bus and collated by the master.

They are divided into three levels:

Diagnosis type

Related to the
station

Related to the
module

Related to the
channel

Description

Messages relating to the general readiness of a device for operation such as over-
temperature or under-voltage

These messages indicate that diagnostic signals are pending within a specific /0 sub
range of the device (e.g. an 8 bit output module)

Here the cause of an error is related to a single input/output bit (channel), such as a
short circuit on output 2

The Beckhoff Profibus slaves from the IPxxxx-B310, IL230x-B310 and IL230x-C310 series support the Profibus DP
diagnostic functions. Assessment of the diagnostic data by means of the controller depends on the support for the
Profibus master. Please refer to the device manuals for the master interfaces for details of how to handle the

diagnosis.
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Sync and Freeze Mode

In addition to the user data traffic related to the device, which is automatically dealt with by DPM1, a DP master has
the option of sending control commands to one DP slave, to a group of them or to all of them at the same time. These
control commands are transmitted as multicasts. These control commands can be used to specify the sync and
freeze operating modes, in order to synchronize the DP slave. They permit event-controlled synchronization of the
DP slaves.

The DP slaves start sync mode when they receive a sync control command from the assigned DP master. In this
operating mode, the outputs of all the addressed DP slaves are frozen at their current values. In the following user
data transmissions, the DP slaves store the output data, but the output states themselves nevertheless remain
unchanged. Only when the next sync control command is received from the master the stored output data is switched
through to the outputs. Sync operation is ended with an unsync control command.

A freeze control command similarly causes the addressed DP slaves to enter freeze mode . In this operating mode
the states of the inputs are frozen at their current value. The input data is only updated again when the DP master
has sent the next freeze control command to the devices concerned. Freeze operation is ended with an unfreeze
command.

System behavior

The system behavior is also standardized in Profibus DP, so that devices can to a large extent be interchanged. It is
largely determined by the operating condition of the DPM1. This can either be controlled locally, or over the bus by
the project design device.

The following three principal conditions are distinguished:

Operation

mode Description

Stop There is no data traffic between the DPM1 and the DP slaves. The Bus Coupler only
addresses the Bus Terminals once after the power has been switched on (none of the 110
LEDs are lit).

Clear The DPML1 reads the input information from the DP slaves, and maintains the outputs of the
DP slaves in a safe state (depending on the reaction to fieldbus errors, the green I/O LED is lit
and the outputs are set).

Operate The DPML1 is in a data transfer phase. In the course of cyclic data traffic the inputs of the DP

slaves are read and the output information is transmitted to the DP slaves (the green /O LED
is lit).

The DPML1 sends its local status at a configurable time interval using a multicast command cyclically to all the DP
slaves that have been assigned to it. The reaction that the system has to the occurrence of an error during the
DPM1's data transfer phase, such as the failure of a DP slave, is specified in the Auto-Clear operating parameter. If
this parameter is set to True, then the DPM1 switches the outputs of all the associated DP slaves into a safe state as
soon as one DP slave is no longer ready for the transfer of user data. The DPM1 then switches into the Clear state. If
the parameter is False then the DPM1 remains in the operating state even after a fault, and the user can himself
specify the system's reaction.
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Data traffic between the DPM1 and the DP slaves

The data traffic between the DPM1 and the DP slaves that have been assigned to it is automatically executed by the
DPML1 in a specified, continuously repeated sequence. The user specifies the assignment of a DP slave to the DPM1
when the bus system's project is being planned. Those DP slaves that are included in or excluded from the cyclic
user data traffic are also defined.

The data traffic between the DPM1 and the DP slaves is divided into the parameterization, configuration and data
transfer phases.

Before a DP slave is included in the data transfer phase, the DPM1 checks, in the parameterization and configuration
phase, whether the theoretical configuration that has been planned agrees with the actual configuration of devices.
The check requires the device type, the format and length information, as well as the number of inputs and outputs,
to be in agreement. The user is thus provided with reliable protection against errors in parameterization. In addition to
the transfer of user data, which is automatically carried out by the DPM1, it is possible to send new parameterization
data to the DP slaves at the user's request.

Protection mechanisms

In the context of distributed peripherals it is necessary, for reasons of safety and reliability, for the system to be given
extremely effective functions to protect against incorrect parameterization or the failure of the transmission
mechanisms. Profibus DP uses monitoring mechanisms in the DP Master and in the DP Slaves. They are
implemented in the form of time monitors. The monitoring interval is specified in when the DP system project is
planned.

Protection

mechanisms Description

At the DP The DPM1 monitors the slave's transfer of user data with the Data_Control_Timer. An

Master individual monitoring timer is used for each assigned slave. The time monitor triggers if a
proper transfer of user data does not take place within the monitoring interval. In this case
the user is informed. If automatic error reaction is enabled (Auto_Clear = True) then the
DPML1 leaves the Operate state, switches the outputs of the assigned slaves into a safe
state, and then goes into the Clear operating mode.

At the DP The slave uses communication monitoring in order to detect errors of the master or in the

Slave transmission segment. If data is not transferred with the assigned master within the

communication monitoring interval the slave switches the outputs into the safe state itself.
The slave inputs and outputs further require access protection in multi-master systems, to
ensure that direct access is only made from the authorized master. The slaves will make an
image of the inputs and outputs available to other masters, and this can be read by any
other master even if it does not have access authorization.

Ident number

Every DP slave and every DPM1 must have an individual identification number. This is required so that a DP master
can identify the types of the connected devices without any significant protocol overhead. The master compares the
identification numbers of the connected DP devices with the identification numbers in the project planning data
specified by DPM2. The transfer of user data only starts if the correct device types are connected to the bus at the
correct station addresses. This provides protection from project planning errors. Manufacturer-specific identification
numbers are issued by the Profibus User Organization (PNO). The PNO administers the identification numbers along
with the basic device data (GSD).
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PROFIBUS DP

In PROFIBUS DP systems, a master (PLC, PC etc.) usually communicates with a large number of slaves (I/Os,
drives etc.). Only the master may here actively access the bus (send telegrams on its own initiative), while a DP slave
only sends telegrams when it is requested to do so by a master.

DP StartUp

Before the master and slave can cyclically exchange data, the parameter and configuration data is transmitted from
the master to the slaves during the DP StartUp phase. After the parameter and configuration data has been sent, the
master interrogates the slave's diagnostic data until the slave indicates that it is ready for data exchange. Depending
on the extent of the calculations that the slave must carry out after receiving the parameter and configuration data, it
can take up to a few seconds before it is ready for data exchange. For this reason the slave possesses the following
states:

Parameter data

The parameter data is sent from the master to the slave in the SetPrmLock request telegram. The SetPrmLock
response telegram does not contain any data, and therefore consists of a single byte, the short acknowledgement.
The parameter data consists of DP parameters (e.g. the setting of the DP watchdog or checking the IdentNumber
(unique to each DP device)), of DPV1-/DPV2 parameters and of application-specific parameters that only have to be
transmitted once during the StartUp. If an error is found in the parameter data, this is indicated in the diagnostic data,
and the slave either remains in or enters the WAIT-PRM state.

Configuration data

The configuration data is sent from the master to the slave in the ChkCfg request telegram. The ChkCfg response
telegram does not contain any data, and therefore consists of a single byte, the short acknowledgement. The
configuration data describes the assignment of the DP modules to the cyclic I/O data that is to be exchanged
between the master and slave via the Data_Exchange telegram in the cyclic data exchange phase. The sequence of
the DP modules added to a slave in the DP configuration tool determines the sequence of the associated I/O data in
the Data_Exchange telegram.

Diagnostic data

The diagnostic data is requested by the master using a SlaveDiag request telegram without any data. The slave
replies with the diagnostic data in a SlaveDiag response telegram. The diagnostic data consists of the standard DP
diagnostics (e.g. the state of the slave, the IdentNumber) and of application-specific diagnostic data.

Cyclic data exchange

The heart of the PROFIBUS DP protocol is cyclic data exchange, during which the master carries out an exchange of
I/O data with every slave during a PROFIBUS DP cycle. This involves the master sending the outputs to each slave
with a DataExchange request telegram, while the slave replies with the inputs in a DataExchange response telegram.
This means that all the output and/or input data is transmitted in one telegram, in which the DP configuration (the
sequence of DP modules) specifies the assignment of the output and/or input data to the slave's actual process data.

Diagnosis during cyclic data exchange

A slave can send a diagnostics signal to the master during cyclic data exchange. In this case, the slave sets a flag in
the DataExchange response telegram, whereby the master recognises that there is new diagnostic data in the slave.
It then fetches that data in the SlaveDiag telegram. This means that diagnostic data is not transmitted to the controller
with the cyclic I/O data in real-time, but is always at least one DP cycle later.
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Synchronisation with Sync and Freeze

The Sync and Freeze commands in the GlobalControl request telegram (broadcast telegram) allow the master to
synchronise the activation of the outputs (Sync) or the reading of the inputs (Freeze) in a number of slaves. When the
Sync command is used, the slaves are first switched into Sync mode (a process that is acknowledged in the
diagnostic data). The I/O data is then exchanged sequentially with the slaves in the DataExchange telegram.
Transmitting the Sync command in the GlobalControl telegram then has the effect of causing the slaves to generate
the most recently received outputs. In Freeze operation a Freeze command is first sent in the GlobalControl
telegram, in response to which all the slaves latch their inputs. These are then fetched sequentially by the master in
the DataExchange telegram.

States in the master

The master distinguishes between the CLEAR state (all outputs are set to the Fail_Safe value) and the OPERATE
state (all outputs have the process value). The Master is usually switched into the CLEAR mode when, for instance,
the PLC enters STOP.

Class 1 and Class 2 DP Masters

The Class 1 master refers to the controller that carries out cyclic I/O data exchange with the slaves, while a Class 2
master is a B&B device that generally only has read access to the slaves' I/O data.
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PROFIBUS DPV1

PROFIBUS DPV1 refers primarily to the acyclic read and write telegrams, with which data sets in the slave are
acyclically accessed. A distinction between a Class 1 and a Class 2 master is also made for DPV1. The difference
between acyclic Class 1 (C1) and Class 2 (C2) connections is that the acyclic C1 connection is established during the
DP StartUp phase of cyclic DP operation. Once the slave has reached the WAIT-CFG state it is possible for acyclic
DPV1-C1 read and write telegrams to be sent from the master to the slave, whereas the C2 connection is established
separately, independently of the cyclic DP connection. This is usually carried out by a second (C2) master so that, for
instance, a manufacturer-specific project configuration and diagnostic tool can access the slave's data.

When two masters are used, however, is must always be borne in mind that these share bus access (a token is
exchanged), so that time relationships are less favourable than in the case of a single master system.
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Cables, Plugs and Switches

The Medium: Plugs and Cables

The physics of Physical aspects of the data transmission are defined in the Profibus standard. See
the Profibus layer 1 (physical layer).
transmission The types of area where a fieldbus system can be used is largely determined by the

choice of the transmission medium and the physical bus interface. In addition to the
requirements for transmission security, the expense and work involved in acquiring and
installing the bus cable is of crucial significance. The Profibus standard therefore allows for
a variety of implementations of the transmission technology while retaining a uniform bus
protocol.
Cable-based transmission: This version, which accords with the American EIA RS-485
standard, was specified as a basic version for applications in production engineering,
building management and drive technology. A twisted copper cable with one pair of
Cable-related conductors is used. Depending on the intended application area (EMC aspects should be
malfunctions considered) the screening may be omitted.
Two types of conductor are available, with differing maximum conductor lengths; see the
+,RS-485" table. The pin assignment at the plug and the wiring are illustrated in the
diagram. Note the special requirements on the data cable for baud rates greater than 1.5
Mbaud. The correct cable is a basic requirement for correct operation of the bus system. If
a ,simple” 1.5 Mbaud cable is used, reflections and excessive attenuation can lead to
some surprising phenomena. This could, for example be that some station is not
connected, but when the neighbouring station is unplugged the connection appears again.
Or there may be transmission errors when a specific bit pattern is transmitted. The result
of this can be that when the equipment is not operating, Profibus works without faults, but
that there are apparently random bus errors after start-up. Reducing the baud rate (<
93.75 kbaud) corrects this faulty behaviour.
If reducing the baud rate does not correct the error, then in many cases this can indicate a
wiring fault. The two data lines maybe crossed over at one or more connectors, the
termination resistors may not be switched on, or they may be active at the wrong
locations.

Installation is made a great deal more straightforward if pre-assembled cables from
Beckhoff are used. Wiring errors are avoided, and commissioning is more rapidly

—

Note completed. The range includes fieldbus cables, power supply cables, sensor cables and
accessories such as terminating resistors and T-pieces. Connectors and cables for field
assembly are nevertheless also available.

Profibus The M12 socket is inverse coded, and has five pins. Pin 1is 5V DC and 3 is GND for the
Connection active termination resistor. These must never be misused for other functions, as this can
of the fieldbus lead to destruction of the device. Pin 2 and pin 4 are the Profibus signals. These must
box modules never be swapped over, as this will prevent communication. Pin 5 is the shield, and this is

capacitatively coupled to the Fieldbus Box chassis.
Profibus socket pin assignment

| |+5VDC
1|A

| GND
.'.|E.

5 | Shield

Profibus conductor colours

Profibus conductors M12 D-Sub
B red Pin 4 Pin 3
A green Pin 2 Pin 8
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RS485 RS-485 transmission according to the Profibus standa rd

Fundamental

properties Network topology Linear bus, active bus terminator at both
ends, stubs are possible.

Medium Screened twisted cable, screening may
be omitted, depending upon the
environmental conditions (EMC).

Number of stations 32 stations in each segment with no
repeater. Can be extended to 127
stations with repeater

Max. bus length without repeater 100 m at 12 Mbit/s
200 m at 1500 Kbit/s, up to 1.2 km at
93.75 Kbit/s

Max. bus length with repeater Line amplifiers, or repeaters, can
increase the bus length to the order of 10
km. The number of repeaters possible is
at least 3, and, depending on the
manufacturer, may be up to 10

Transmission speed 9.6, 19.2, 93.75, 187.5, 500, 1500 Kbhit/s,
up to 12 Mbit/s, adjustable in stages

Plug connector 9-pin D-Sub connector for IP20
M12 round plugged connector for IP65/67

Cabling for
Profibus DP .
and mtction |1 Sterticon 2
Profibus WOM0F 3] O e D s O [3) ReDIHD-
FMS
DGHD (5] O (5] DGEHE:
WO (B O € i Vi O 18] RxDTxD-M
=  dpschmrung —
e e e
e (] s Ed
Setting of The Profibus address must be set using the two rotary selection switches behind the
station transparent cover. The default setting is 11. Any address is permitted, but each address may
addresses only be used once within the network. The address is changed while the Fieldbus Box is

switched off. To do this, unscrew the cover and use a screwdriver to move the switches to the
desired position. Make sure that the switches engage properly. The change in address is
active as soon as the device is switched on.

Address Fieldbus Box

The switch on the left represents the tens, while that on the right represents the units.
ADDR. ADDR.

10| BECKHOFF x|

Address Buscoupler
The switch S311 represents the tens, while that S310 represents the units.
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ADDR

5310

In systems with more than two stations all devices are wired in parallel. It is essential that the
bus cables are terminated with resistors at the conductor ends in order to avoid reflections
and associated transmission problems.

—

Note
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Topology
* A bus segment may consist of a maximum of 32 devices (including the repeaters).

e The maximum conductor length of a segment depends on the transmission speed in use and on the quality
of the bus cables being used.

* No more than 9 repeaters may be installed between two devices.
e  Stubs are to be avoided, and are not permitted above 1.5 Mbaud.
e  The maximum number of devices is 127

* Interrupting the supply voltage from cable ends by switching off the repeater/slave, or by pulling out the plug,
is not permitted.

Bus Segment

F Y

X

[El Termination Resistor
Bl Repeater

Master

Slave

Fig. 1: RS485 topology with 3 segments and 2 repeaters.
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7. Error handling and diagnosis

Diagnostics

PROFIBUS state

In many cases it is important to know whether the communication with the higher-level master is still OK. To this end,

link the DpState variable with your PLC program.

B Device 1 (BX-B310)
== Device 11mage

- 8T Inputs

-5 Bowx 1 (B3100)
- &1 Inputs
- 4! DpState

. &1 ExtDiagFlag

Fig. PROFIBUS diagnostics byte in the System Manager

Error number Description

0 No error

129 Waiting for configuration data
130 Waiting for parameter data
131 No master available
Example

Remedy

Start PROFIBUS
Start PROFIBUS

Check PROFIBUS cables and connectors

If the PROFIBUS is interrupted, e.g. because the cable was pulled or the PLC was switched off, the BX3100/BC3150
reports this as 130 in the DP state. This means the BX3100/BC3150 is waiting for parameter data from the master.
Slave boot sequence after a timeout or starting of the master:

parameter data - configuration data - data exchange

Read the fieldbus state via ADS

In the default configuration and TwinCAT configuration you can read the field bus state about ADSREAD.

Parameter ADSREAD function block
NetID

Port

IndexGroup

IndexOffset

LEN

92

description

local - empty string
1

16#0006

BX3100: 16#000C_AOF4
BC3150: 16#000C_A080

1
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State of the K-Bus

An internal bus or Bus Terminal error is indicated in the K-Bus state. A more precise fault description can be obtained
via a function block (in preparation). To this end, link the K-Bus state variable with your PLC program.

'i Bow 2 [C=1100-KE]

-1 Inputs

o eyt Plelnterface
gl EBus-State

~ @l Dutputs

8 Temn 2(KL1032)

sl

”1 Term 3 (kL1032

+-

Error bit Description Error type

0 No error No ERROR.
Bit0 K-Bus error ERROR

Bit 2 K-Bus is re-triggered NOTE

Read the K-Bus state via ADS

In the default configuration and TwinCAT configuration you can read the K-Bus state about ADSREAD.

Parameter ADSREAD function block Description

NetID local - empty string
Port 1

IndexGroup 16#0006
IndexOffset 16#000C_9000
LEN 1
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Diagnostic LEDs

The Bus Coupler features status indicator LEDs. The row of LEDs on the left describes the status of the fieldbus and
of the PLC. The row of LEDs on the right indicates the supply voltage and the K-Bus state.

Fieldbus LED RUN Power LED Us

X0 ‘_Baﬂ/Power LED Up

K-Bus LED RUN

Fieldbus LED BF

Fieldbus LED DIA

PLC LED K-Bus LED ERR

LEDs for power supply diagnosis

LED (Power LEDSs) Meaning
LED Us LED off: Bus Coupler has no voltage 24 Vpc
LED Up LED off: No 24Vpc power connected to the power contacts

LEDs for K-Bus diagnostics

LED (Power LEDSs) Meaning
LED RUN LED off: no K-Bus update, LED on, flashing: K-Bus running
LED ERR LED off: no error, LED flashing: see K-Bus error code

K-Bus error code diagnostics

Error  Error
code argument Description Remedy

0 - EMC problems e  Check power supply for overvoltage or undervoltage
peaks
* Implement EMC measures
e If aK-Bus error is present, it can be localized by a restart
of the coupler (by switching it off and then on again)

1 0 EEPROM checksum Set factory settings with the KS2000 configuration software
error
1 Code buffer overflow Insert fewer Bus Terminals. The programmed configuration has
too many entries in the table
2 Unknown data type Software update required for the Bus Coupler
2 - Reserve -
3 0 K-Bus command error *  No Bus Terminal inserted

*  One of the Bus Terminals is defective; halve the number
of Bus Terminals attached and check whether the error
is still present with the remaining Bus Terminals. Repeat
until the defective Bus Terminal is located.
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Error  Error
code argument
4 0
n
5 n
6 0
1
2
7 0
9 0
1
10 n
14 n
15 n
16 n

LED bus - fieldbus diagnosis

LED

LED RUN
LED BF
LED DIA

LED RUN
off
on
on
on

on

Description

K-Bus data error, break
behind the Bus Coupler

Break behind Bus Terminal
n

K-Bus error in register
communication with Bus
Terminal n

Error at initialisation

Internal data error

DIP switch changed after a
software reset

Note: Cycle time was
exceeded

Checksum error in Flash
program

Incorrect or faulty library
implemented

Bus Terminal n is not
consistent with the
configuration that existed
when the boot project was
created

nth Bus Terminal has the
wrong format

Number of Bus Terminals is
no longer correct

Length of the K-Bus data is
no longer correct

Meaning

Remedy

Check whether the n+1 Bus Terminal is correctly connected;
replace if necessary.

Check whether the Bus End Terminal KL9010 is connected.

Exchange the nth bus terminal

Exchange Bus Coupler

Perform a hardware reset on the Bus Coupler (switch off and
on again)

Perform a hardware reset on the Bus Coupler (switch off and
on again)

Warning: the set cycle time was exceeded. This indication
(flashing LEDs) can only be cleared by booting the Bus
Coupler again.

Remedy: increase the cycle time

Re-transfer the program to the Bus Terminal Controller

Remove the faulty library

Check the nth Bus Terminal. The boot project must be deleted
if the insertion of an nth bus terminal is intentional

Start the Bus Coupler again, and if the error occurs again then
exchange the Bus Terminal

Start the Bus Coupler again. If the error occurs again, restore
the manufacturers setting using the KS2000 configuration
software

Start the Bus Coupler again. If the error occurs again, restore
the manufacturers setting using the KS2000 configuration
software

no fieldbus connected, Bus Coupler searches for baud rate

error flashing - error type - display

Bus Coupler has found baud rate, waiting for config and parameter data

LED BF
off
on
on
off
off

LED DIA Meaning

off no fieldbus connected, Bus Coupler searches for baud rate

on

off Bus Coupler has found baud rate, waiting for config and parameter data
off no error, coupler in data exchange

flashing error, see error code
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LED PLC - PLC diagnosis

LED
PLC LED

96

Meaning

LED on: PLC running, LED off: PLC stopped
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8. Appendix

First steps with the BC3150

For the following example, the following hardware and software components are required:

Hardware
o FC310x from firmware 2.0

¢ BC3150
¢ KL10x4
¢ KL20x4
¢ KL9010

* PROFIBUS cable + cabling material (such as 24 Vpc power supply unit etc.)
Software

e TwinCAT 2.9 build 1020 (minimum TwinCAT PLC level)
Example 1: Default Configuration

a.) Open the following file H This file contains the System Manager file for the master configuration with the
FC310x card and the BC3150 slave. Select the correct PCI address for the FC3101

i Unbenannt - TwinCAT System Manager

File Edit Actions Wiew Options Help
JDDWEI%&I%!E@IM L5 @ % B @@ ®

----- Feal-Time Settings
% Adddiional Tasks General FC 310x |ADS | DF-Diag | Box States | DPR&M (Oniine)
7 2B Task 1
-_ PCl Bus/Slat: |EI.:"9-.~‘-‘-. [0E B200000) Search...
|dentifis I Fir
Station Mo.: |1 :| |2'55
Baudrate: |'|2M j Firrmware Update. . I
' MC - Canfiguration Bus-Parameter [DF]... I Hardware Configuration... I
5B PLC - Configuration
140 - Canfi L Operation tode: =
= Eﬂ u;;f:;zl;n IDP J Upload Configuration I
z Cycle Time [ps): 10000 Yerify Configuration I
== Device 2- Image |
Inputs shimate -Cycle [ps]:
p E stimated DP-Cucle [pg); |135
Output .
; J‘;l BSHP1U[SBE31 A0 DP-CyclesdTask Cycle: |1 j [ Flexible Process Image
LT
T Inputs Timing DF-Cycle. . |
wial DpState
T EwtDiagFlag Startlp-/F ault-Settings. . I
----- $! Outputs
-0 Integer1B Bi-Out/Masterin
- %T Inputs
: ----- gyl Integer1 B B-Out/Mas!
...... $| Dutputs Hurnber | Box Mame | Addreszsz | Tupe | Ih Size | Out Size
E- B IntegerlE Bix-In/Mazter-Out oiE 1 Box 1 [BC3150) 11 BC2150 g0 g0
LRt lamda

and set PROFIBUS address 11 on the BC3150.
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. Unbenannt - TwinCAT System Manager
File Edit Actions “iew Optionz Help

JDEWH|§@.|J§‘

L L ® e | B Q2

----- Real-Time Settingz
l_—_l % Additional Tasks _I General  Frofibus |'$'DS
=N[E - Task 1
..... .=¥m Task 1-Image Station Ne. :'I) .
i
El %T In‘?uts CfgData: 41 01 03 81 01 03
P o Var 35 q
= ‘l Outputs =
..... #L Ve 36 D Prl ata: Coooogocslooooooooot af oot |
----- & Route Settings ll
- §El MC - Configuration
- PLC - Configuration

= 1/0 - Configuration

Elﬂ 140 Devices —watchdog———— [~ [DP-LClazz 1
= ﬂ Device 2 [FL310x] [¥ | Enable [ Sync/Freeze enable
----- == Device Z{mage _
- 1 Inputs Tirne: 200 i
- @ Outputs
=il Box 1 [BCIE0) m LB ElEss e = R 5es 2
El%T InpLits = DEVI-EE Eratile % Dizabled
= T DpSt.ate T | Eizabledbort ) Fead-Hnly

Activate the configuration and start the system. The TwinCAT icon (bottom right on the desktop) should be green.
The bus LED on the BC3150 should also be green. Should this not be the case, check the BC3150 address and the
physical connection to the PROFIBUS master (terminal resistances etc.).

b.) Open the following file ’E This file is the PLC project for the BC3150. Select the BC3150 under
30nline\SeIecting the target system<. .

Choose Run-Time System

-9 - Local-- (1721661501.1) ~

L Run-Time 1 [Port 8011
|- BEHHED Senell [1.1.1.1.1.3) Cancel

s Run-Time 1 [Part 200)

|k

Werzion [nfo

Load the project into the controller (>Online\Login<) and Start the program (>Online\Start<). The PLC LED on the
BC3150 should now be orange.

Program description

The program increments a value >Profibus_Out_1< as long as the variable Profibus_Input_1 contains the value Opin.
At the same time, the first digital output cycles with approx. 2 Hz. In the System Manager, the variable >Var 36< can
be forced to a value unequal zero. This stops the counter, and the first digital output is set to a fixed value of 1pin.
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Moving between the controllers

Moving from BCxx00 to BCxx50

File names

At Bus Terminal Controller of BCxx50 series, libraries are called *.Ibx, and programs are saved as *.prx.

Flag variables
The flag variables
e of BCxx00 are allocated from %MBO...%MB511 (except BC9000/BC9100: %MBO...%B4095)

¢ of BCxx50 are allocated from %MBO...%B4095

Status information such as K-Bus/fieldbus status or cycle tick is not copied to the BCxx50 (this information is
available as a function in TcSystemBCxx50.Ibx).
The allocated flags don't operate as retain variables.

Retain data

The retain data have to be declared as VAR_RETAIN. Up to 2 kByte are available.

PLC variables

In the default configuration, the PLC variables start at %IB1000 and %QB1000.

Large model

No longer available in the BCxx50 version. Max. memory 48kByte.

Task time

The task time is specified in the PLC Control. It should be set to a realistic value (measuring of PLC cycle time and K-
Bus). The background time is no longer used.

Task configuration

A maximum of one task is available. This task has to be configured.

PLC and Field Bus Terminals

On standard bus terminal controllers (BCxx00) it was possible to choose if a bus terminal is allocated to the fieldbus
or to the local PLC. In default configuration of an BCxx50 all bus terminals are allocated to the local PLC. An
allocation to the fieldbus is not possible here.
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Moving from BCxx00 to BXxx00

File names

At Bus Terminal Controller of BXxx00 series, libraries are called *.lbx, and programs are saved as *.prx.
Flag variables

Flag variables
The flag variables
e of BCxx00 are allocated from %MBO...%MB511 (except BC9000/BC9100: %MBO...%B4095)

e of BXxx00 are allocated from %MBO...%B4095

Status information such as K-Bus/fieldbus status or cycle tick is not copied to the BX (this information is available as
a function in TcSystemBX.Ibx).
The allocated flags don't operate as retain variables.

Retain data

The retain data have to be declared as VAR_RETAIN. Up to 2 kByte are available.

PLC variables

In the default configuration, the PLC variables start at %I1B1000 and %QB1000.

Large model

No longer available in the BX version. Max. memory BX-Controller 256 kByte/ BCxx50 Controller 48kByte.

Task time

The task time is specified in the PLC Control. It should be set to a realistic value (measuring of PLC cycle time and K-
Bus). The background time is no longer used.

Task configuration

A maximum of one task is available. This task has to be configured.

PLC and Field Bus Terminals

On standard bus terminal controllers (BCxx00) it was possible to choose if a bus terminal is allocated to the fieldbus
or to the local PLC. In default configuration of an BXxx00 all bus terminals are allocated to the local PLC. An
allocation to the fieldbus is not possible here.

Moving from PC to BCxx50/BXxx00

File names

At Bus Terminal Controllers of BCxx50 and BXxx00 series, libraries are called *.Ibx, and programs are saved as
*
.prx.
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Allocated variables

The BX offers a limited number of allocated data

Inputs 2kB, %IB0..2048

Outputs 2 kB, %QB0..2048

Flags 4 kB, %MB0..4095

Task configuration

A maximum of one task is available. A sensible task time should be selected. Adjust the task time to your application
by measuring the required system time (PLC + K-Bus + fieldbus + other).

Retain data

The Bus Terminal Controllers of BCxx50 and BXxx00 series offer up to 2 kB of retain data. Ensure that no (or only
very few) retain data are used in function blocks (see RETAIN data).
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Firmware Update

Firmware update program

The firmware update program is required for loading a new firmware to the Bus Coupler. The program is transferred
via the serial interface.

Note for BX3100:
Firmware version 0.64 or lower of BX3100 cannot be updated. Should an update be required for this devices, the
BX3100 should be sent in to manufacturer, requesting an update.

Beckhoff Automation
Department Service
Eiserstr. 5

D-33415 Verl, Germany

Firmware update program 241 ﬂ?l kB (for Windows NT4.0 SP6, 2000, XP)

The program FirmwareUpdate.exe and the file TcRouterHelper.dll have to be in the same directory. Open the
program by double-clicking on FirmwareUpdate.exe.

Update for Bus Terminal Controller

BX Series
Select the appropriate device of - in this example "Serial interface (BX)".
Select Fieldbus
CAMopen oK
Ethernet |
FROFIEUS DF
FROFIEUS DP [KLE201) Cancel

Senal Interface

Senal Interface [Boot-Strap]

Sernal Interface [Boot-Strap] with complete eraze
Senal Interface [Boot-Strap), Upload

Senal Interface [B¥)

Senal Interface [KLEZ07 via BE/BC]

Senal Interface [LE407 via BE/BC]

Senal Interface [KLETDT wia BKABC]

Senal Interface (L6071 via BE/BC]

Senal Interface (KLEETD via BR/BLC]
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BCxx50 Series

Select the appropriate device of - in this example "Serial interface".

-,

Select Fieldbus

CAMopen QK I
Ethernet

FROFIBUS DF

FROFIBUS DP [KLEZ01]

Senal Interface

Sernal Interface [Boot-Strap)

Sernial Interface [Boot-Strap] with complete eraze
Sernial Interface [Boot-Strap), Upload
Senal Interface [B]

Serial Interface [FLE201 via BE/BC]
Sernial Interface [FLEA0T via BEABEC]
Senal Interface [KLEYDT wia BE/EC)
Serial Interface [FLBE0T via BE/EC]
Sernal Interface [KLEE10 wia BE/EC)

Cancel

BX and BCxx50 Series

Then select the COM port.

-,

Select COM Port

=]
_ Canedl |

Cancel

Open the file you wish to download.

Bnen
Suchenin: | 5 Fimware1.08 ~|« @ ek E-
[ bx3100-0099H.h31 [ fe5101-0200.h51

-

=1 bx3100-0108.h31
= bx5100-0099H.h51
= bx5100-0108.h51

bx8000-0099H.ha0

bx8000-0108.h80

Dateiname: II:o-;31 000108 h31 Cffnen

Datetyp: | Firnware (*h%) ~|  #bbrechen |

Fieldbus Components 103



Safety Instructions BECKHOFF New Automation Technology

Start the download via the green 'traffic light'. The download begins after about a minute, and is then also shown on

the BX's display. Once the download is complete (approx. 2-3 minutes), the coupler will reboot automatically (from
FW 0.37).

r‘lﬂ» - Firmwarelpdate g@

FirmwareUpdate Select Help

o] B|ow| 8]0 2

MonDec2 12:50:23 2004: Firmware-Update on serial interface COM1
MonDec2 12:50:23 2004: with File C:\Publich\BX Controller\Firmwarel.08\bx3100-0108.h31
MonDec2 12:50:23 2004: —> Start the Update with the green traffic light

Bereit I_ W I_ A4
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General Operating Conditions

The following conditions must be observed if the fieldbus components are to function without error.

Environmental conditions

Operation

The components may not be used without additional protection in the following locations:

* indifficult environments, such as where there are corrosive vapors or gases, or high dust levels

* in the presence of high levels of ionizing radiation

Condition Permissible range

Permissible ambient temperature range during operation 0T ... +55C

Permissible relative humidity during operation 95 %, no condensation

Installation position variable

Vibration resistance conforms to EN 60068-2-6

Shock resistance conforms to EN 60068-2-27, EN 60068-2-29
EMC resistance burst conforms to EN 61000-6-2

ESD emission conforms to EN 61000-6-4

Transport and storage

Condition Permissible range

Permissible ambient temperature range during storage -25 C ... +85C

Permissible relative humidity 95 %, no condensation

Free fall up to 1 min the original packaging

Protection classes and types

Condition Permissible range

Protection class in accordance with IEC 536 (VDE A protective conductor connection to the mounting rail

0106, Part 1) is necessary!

Protection class according to IEC 529 IP20 (protection against contact with a standard test
finger)

Protection against foreign objects Less than 12 mm in diameter

Protection against water No protection
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Component identification

Every supplied component includes an adhesive label providing information about the product's approvals. For
example, on the BK2000:

Lightbus Coupler

BK2000 C E .

BECKHOFF

D-33415 Verl
+49-(0)5246/963-0
+49-(0)5246/963-149

Voltage Supply: 24 V Eiserstr. 5

DC Phone:
Baud Rate 2,5 Mbaud Fax

0901BF060000

The following information is printed on the label:

Printed item

Precise product
identification

Supply voltage Us
Data transfer rate
manufacturer

CE mark

UL mark

C US LISTED
Ind. Cont. Eq.: 24TB

Use 4 Amp. fuse or
Class 2 power supply.
See instructions.

Production identification

106

In this particular example:

Lightbus Coupler BK2000

24 Vpc (To meet the UL requirements use 4 A fuse or class 2 power supply!)
2.5 MBaud

Beckhoff Automation GmbH

Conformity mark

Mark for UL approval. UL stands for the Underwriters Laboratories Inc., the
leading certification organization for North America, based in the USA.

C = Canada, US = USA,

UL File Number: E172151

From left to right, this sequence of characters indicates the production week (2
characters), the production year (2 characters), the software version (2 characters)
and hardware version (2 characters), along with any special indications (4
characters).

This case therefore is a BK2000

- produced in the 9th calendar week

- of the year 2001

- containing the BF firmware version

- and using the 6th hardware version

- with no special indications
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Standards for Device Testing

EMV

EMC resistance burst
EN 61000-6-2

ESD
EN 61000-6-4

Vibration / Shock resistance

Vibration resistance
EN 60068-2-6

Shock resistance
EN 60068-2-27, EN 60068-2-29
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Bibliography

German books

PROFIBUS
e PROFIBUS-DP/DPV1
Grundlagen, Tipps und Tricks fir Anwender (Principles, Tips for Users)

by Manfred Popp
ISBN: 3778527819

General fieldbus technology

e Gerhard Gruhler (Pub.): Feldbusse und Gerate-Kommunikationssysteme (Fieldbus and Device Commu-
nication Systems)
Praktisches Know-How mit Vergleichsmdglichkeiten (Practical Know-how with Comparative Resources)
Franzis Verlag, 2001
244 pages
ISBN 3-7723-5745-8

English books
(in preparation)
PROFIBUS-DP standards

* |EC 61158 and IEC 61784
e DIN 19245, Part 3

J Euronorm EN 50 170

Web sites

e http://www.profibus.com
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Safety Instructions

List of Abbreviations

DP
Distributed Peripherals. PROFIBUS protocol for fast cyclic data exchange

FMS
Fieldbus Message Specification. The PROFIBUS transmission protocol

Freeze mode
This command makes the slave freeze its inputs

GSD file
Basic device file (in German)

GSE file
Basic device file (in English)

IP20, IP65, IP66, IP67
Protection class (contact, water, dust)

K-Bus

Terminal bus - internal bus for communication between the coupler and Bus Terminals

PNO
PROFIBUS User Organisation

Repeater
Provides signal conditioning, connecting individual bus segments

PLC
Programmable logic controller

Sync mode

This command makes the slave hold its outputs unchanged until it receives the Sync telegram.
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Support and Service

Beckhoff and their partners around the world offer comprehensive support and service, making available fast and
competent assistance with all questions related to Beckhoff products and system solutions.

Beckhoff Support

Support offers you comprehensive technical assistance, helping you no only with the application of individual
Beckhoff products, but also with other, wide-ranging services:

e world-wide support
e design, programming and commissioning of complex automation systems

* and extensive training program for Beckhoff system components

Hotline: +49(0)5246/963-157
Fax: +49(0)5246/963-9157
e-mail: support@beckhoff.com

Beckhoff Service

The Beckhoff Service Center supports you in all matters of after-sales service:
*  on-site service
*  repair service
*  spare parts service

J hotline service

Hotline: +49(0)5246/963-460
Fax: +49(0)5246/963-479
e-mail: service@beckhoff.com

You will find further support and service addresses on our Internet pages under http://www.beckhoff.com.

Beckhoff Headquarters

Beckhoff Automation GmbH

Eiserstr. 5

33415 Verl

Germany

Phone: +49(0)5246/963-0
Fax: +49(0)5246/963-198
e-mail: info@beckhoff.com

The addresses of Beckhoff's branch offices and representatives round the world can be found on her internet pages:
http://www.beckhoff.com
You will also find further documentation for Beckhoff components there.
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