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1. Introduction
The functionalities of the Beckhoff PCI card FC310x (as Master and Slave) for use under TwWinCAT (NCI, PTP,
PLC and 10) is described below. For use of the FC310x without TwinCAT, please refer to the "FC310x Driver
Kit" documentation. TwinCAT 2.7 does not support all the functions described below. TwinCAT 2.8 on the other
hand supports all functions described below, with the exception of redundancy and of the ADS server interface
of the FC310x as a slave (these will both be supported as from TwinCAT 2.9).

The following sections also apply to the PROFIBUS connection for the CX1000 (CX1500-M310 (master) or
CX1500-B310 (slave)); the name FC310x then also refers to the CX1500-M310 master or CX1500-B310 slave
connection.
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2. Hardware Description

One FC3102 mk:@MSITStore:BkWeb.chm::/HTML/german/pccards/fc3100.htmProfibus fieldbus card behaves
in logical terms in the same way as two FC3101 cards, i.e. all components (with the exception of the PClI inter-
face and the optional NOV RAM) are present in duplicate on the FC3102 card. Each channel of the FC310x
card consists of the following components:

- 80165 25 MHz micro-controller

- 512k RAM

- 256k Flash

- 4k DP RAM

- Fieldbus interface (Altera 6016 with 48 MHz, RS485 bus interfacing, 9 pole SUB D plug)
-2 LEDs (1 x green, 1 x red)

- 1 four pin and 1 two pin plug for the bootstrap loading mode

The following components are present in single form only:

- PCl interface (PLX9050: One interrupt input per channel, one interrupt output and a chip-select signal to the
DP RAM and a reset lead for both channels)

- Optional 32k plug-in NOV RAM, addressed via an additional chip-select line

LED indicators - meanings

State of the
FC310x LED display
RESET, OFFLINE @ Red LED on, green LEDs off
STOP Green LED off, red LED flashing (at 10 Hz)
While uploading the bus configuration: red and green LEDs flash (at 10Hz)
RUN If the associated TwinCAT task was started, the green LED is on, otherwise the green

LED will flash (with 1 Hz)
When all boxes are error-free, the red LED will be off, otherwise it will flash (with 1 Hz)

States of the FC310x

RESET, OFFLINE

After power-on, the FC310x is in the RESET state. It exits the RESET state when TwinCAT is started and will
enter the OFFLINE state after TwinCAT is stopped (or after a severe bus error). In the OFFLINE state, the
FC310x is not active on the bus.

STOP

After TwinCAT has started, or during reading of the bus configuration from the System Manager, the FC310x
will enter the STOP state, in which it is active on the bus, but does not yet carry out data exchange (Da-
ta_Exchange) with the DP slaves. During the TwinCAT start, and also during an 10 reset, the FC310x will be in
the STOP state. It will exit the STOP state automatically both during TwinCAT start and during 10 reset and will
enter the RUN state.

RUN

In the RUN state, the FC310x will automatically establish the DP connections with all configured DP slaves. As
soon as the associated TwinCAT task was started, it will communicate with the DP slaves via Data_Exchange.
As long as the associated TwinCAT task was not yet started, it will only query the diagnosis. If the associated
task is stopped (e.g. PLC STOP, breakpoint in the PLC), the FC310x will automatically enter CLEAR mode
(outputs to O or slave-specific response, if FailSafe mode is supported). Once the associated task is running
again, the FC310x will automatically re-enter the OPERATE mode (all outputs at the values set by TwinCAT).
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3. FC310x as Master

Master

As master, the PROFIBUS DP, PROFIBUS DPV1, PROFIBUS DPV2, S5-FDL-AGAG communication and the
PROFIDRIVE-PKW interface protocols are supported.

PROFIBUS DP

A summary of the PROFIBUS-DP master functions follows:

Function Description

Standard DP The PROFIBUS DP section describes the necessary steps for establishing a DP connec-
tion (Set_Prm - parameter, Chk_Cfg - configuration) and for the exchange of user data
(Data_Exchange).

Task synchro- = The Synchronisation section describes how the TwinCAT task is synchronised with the
nisation PROFIBUS cycle.

Slave priorities = The slaves can receive telegrams with differing cycle times. The necessary settings are
described in the Slave Prioritisation/Multiple DP Cycles section.

Multiple DP In order to receive the most recent possible inputs when the task cycles are long, a number

cycles of DP cycles can be carried out for each task cycle, as described in the section on Slave
Prioritisation/Multiple DP Cycles.

Diagnostic The diagnostic facilities are described in this section.

Error Reac- It is possible for different error reactions to be set in the event of a fault (a slave fails or

tions the task is stopped).

Sync/Freeze Activation of the sync and freeze commands is described in the Sync/Freeze section.

Upload Con- The slaves connected to the PROFIBUS can be read via Upload Configuration.

figuration

Master redun- = The Master redundancy section describes the settings required to have a second master
dancy with the same configuration configured as a standby master (as from TwinCAT 2.9).

PROFIBUS DPV1

A summary of the PROFIBUS-DPV1 master functions follows:

Function Description

MSAC_C1  The MSAC_C1 connection is established along with the cyclic connection. The Read, Write and
Data_Transport services are supported.

MSAC_C2 | The MSAC_C2 connection is established independently of the cyclic connection, and can also be
used by a second master (while the first one is communicating with the slave over the cyclic
MSAC_C1 connection). The Initiate, Abort, Read, Write and Data_Transport services are sup-
ported.

PROFIBUS DPV2

A summary of the PROFIBUS-DPV2 master functions follows:

Function Description
Equidistance The DPV2 equidistance functionality is described in the PROFIBUS MC section.

S5-FDL-AGAG Communication

S5-FDL-AGAG communication is described in the S5-FDL section.
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PROFIDRIVE-PKW Interface

The PROFIDRIVE PKW protocol is implemented in the PROFIBUS master, and can be used by means of
acyclic ADS calls.
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PROFIBUS DP
Standard DP Operation

In order to configure standard DP operation, proceed as follows in the TwinCAT system manager:

Configure the DP Master

It is first necessary to configure a "Profibus Master FC310x, PCI" I/O device (selecting "I/O devices" with the
right hand mouse button, and then selecting "Insert device"). The appropriate channel can be searched for on
the "FC310x" tab ("Search" button) and the baud rate, which is set to 12 Mbaud as standard, adjusted if neces-
sary.

PCI Buz#Slat: IEI.-"EI-.-’-'-. [OxE0OOO00O) Search... |
Station Mo.: |1 Hardware Configuratiar... |
Eaudrate: |12h-1 Upload Configuration |
[ peration Mode: IDP Fitmware:

HE-&zzess-Time [pe]: |4EIEI I-I &0

HE-&ze, ACoele-T. [=]: IEEI Firrmware Update...

PLL Syne Time [ps): ID

I
Calzulate Equi-Times |
|

1 A T A A

Safety Time [ps]: IEEI Calculate P-4 atchdog
Cycle Tirme [pal: IEUUD
\wWatchdoq Ti _ ID Sy Mode

atchdog Time [mz]: & Disabled
DP-Cocles/Tazk Cycle: |1 = Sunc-Slave
Estimated Cycle [ps): I??2 € Sync W aster

PCI Slot/Irq: Indicates in which logical PCl slot the card was found.

Search...: Searches for all connected FC310x channels. Select those required. In the case of an FC3102 both
channels A and B appear. These behave in logical terms like two FC3101 cards.

Hardware Configuration...: The hardware version number of the FC310x can be displayed here.

Upload Configuration ...: This causes the PROFIBUS to be scanned, and all the devices found are added to
the FC310x device (see Upload-Configuration).

Verify Configuration...: This causes the PROFIBUS to be scanned, and changes to the current configuration
indicated (see Upload-Configuration, from TwinCAT 2.9).

Firmware: This causes the current firmware version of the FC310x to be showed.

Firmware Update...: This command can be used to update the FC310x card firmware.
Stations No.: Each Profibus device requires a unique station number - including the master.
Baudrate: Set the Profibus baud rate.

Cycle Time: Displays the cycle time of the corresponding highest priority task.

Estimated Cycle: Displays the expected PROFIBUS cycle time.

Calculate DP-Slave Watchdog Time: This will set the DP watchdog time for all the DP slaves to a reasonable
value, in accordance with the formula Maximum (cycle time, estimated cycle time) * 10.

The remaining parameters are described under the FC310x tab.

VvV &V & 4ATWINCAT
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Add DP slaves

The Beckhoff slaves or devices from other manufacturers are to be configured. All slaves whose GSD files are
stored in the system manager's Profibus subdirectory are displayed automatically, sorted according to manufac-
turer; in order to link other GSD files, "General Profibus box (GSD)" is to be selected under Miscellaneous.

Einfiigen eines E/A-Gerdtes

Type: -2 BECKHOFF INDUSTRIE ELEKTROMIE, - Okay I
AH2007 [1 channel]

- AH2003 [3 channel) &bbruch |
- Bx2000-B310

it BCI00 [Buscontroller, 120B aud)

----- ﬂj BR.3000 [Buskoppler]

----- 5 BE3010 [Buskoppler, Econommy, 1.5MEaud)
----- ﬂj BrE.3100 [Buskoppler, 12ME aud)

----- 58 BEI10 [Buzkoppler. Economy, 12ME aud)
----- i ﬁj Br.3120 [Buskoppler, 12MB aud)

----- ﬂj Br.3500 [Buskoppler, 1.5MBaud, Lw'L]

----- 5 ﬁj Br.3520 [Buzkoppler, 12ME aud. L]
- FC3100-MC-5LAVE 1 Achze

@ FCI0=-5LAWE

-l FOL-AGAG-DEWVICE

-l FOL-AGAG-DEWVICE

t;ﬂ Fbd 33 |

M ame: IEh:.:-;‘I

In the case of modular slaves, it is then still necessary to add the terminal/IL modules (for Beckhoff slaves) or
the DP module (for devices from other manufacturers).

System Start

TwinCAT Configuration Mode (from TwinCAT 2.9)
For the TwinCAT configuration mode, it is only necessary to exchange data with the configured slaves. To do
this, TwinCAT configuration mode is started, and configuration of the DP master is activated using the "Reload
devices" button on the toolbar. After this, the data relating to the configured slaves can be read and written on
the associated Variables tab from the System Manager.

TwinCAT Run-Mode
For the TwinCAT Run mode, it is now necessary for at least one variable of the PROFIBUS master or of the
configured slave to be linked to a task. The project is then to be stored in the registry, and the TwinCAT system
then started in Run mode. Data exchange with the slaves is not carried out until the associated task is started.
If a number of tasks are linked with the PROFIBUS master or with the configured slave, then whichever task
has the highest priority must be started in order for data to be exchanged with the slave.

Bus parameters

The PROFIBUS DP Bus parameters are to be found on the device's Profibus tab, and should only be a modi-
fied by expert users.

VvV &V & 4ATWINCAT
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Synchronisation

Overview

In TwinCAT RunMode, the DP master is always synchronised with the highest priority task with which the vari-
ables are linked. The cycle time for the corresponding task is displayed under Cycle time on the master's

FC310x tab, as soon as the mapping has once been created. It is possible to set for the task whether the "I/O
at task start" should be updated or not.

/O at Task Start

If the setting "I/O at task start" has been selected using the checkbox, which is the default setting for the NC
task, then a check is made before the task is started as to whether the previous DP cycle has been completed.
The inputs and outputs (the outputs being those from the previous task cycle) are copied, and the DP cycle is
started. In the example, the task cycle time is 2 ms, and real-time resources are 80%:

0 1 2 3
| | | |

Realtime

Task

Copy
Inp.

Copy
Qutp.

Task

DP-Cycle

DP-Cycle

If, in the previous example, the copying of the inputs and outputs and the task computation time exceeds 0.8
ms, then NT will interrupt execution of the task, because 80% of real time resources has been reached:

0 1 2 3 Time
| | | | | | | | | | | | | | s

S

Realtime

Copys Gany Task Task () ||

Task
Task TFge | OlitD: g, | Ojice? Task asi

DP-Cycle

DP-Cycle

This case would still not be a problem, because the DP cycle was completed within the available time. If "I/O at
task start" is not selected, then the process is somewhat more critical, as is described below.

1/0 not at Task Start

If the setting "I/O at task start" has not been selected using the checkbox, which is the default setting for the
PLC task, then a check is made before the task is started as to whether the previous DP cycle has been com-
pleted, and the inputs are copied. After this the task is processed, and at the end of the task the outputs are

copied and the DP cycle is started. In the example, the task cycle time is 2 ms, and real-time resources are
80%:

Realtime

Task

Inp. Outp. Inp.

\p

T Task Copy CDDA Task ik

DP-Cycle DP-Cycle
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Because in the case where "I/O not at task start" is selected the task and the PROFIBUS must share the band-
width, the effect of exceeding the available real-time resources is significantly greater than is the case when
"l/O at task start" is selected:
0 1 2 3
| | | | | | | | | | | | | | me)

FRealtime

Copy Copy

Cop!
Task Task
Inp. as Qutp, as ,lrr;;'

\ DP-Cycle DR-Zyklus

fallt aus

Task

In the case described, the DP cycle starts later, and is no longer finished within the time available before the
following task cycle begins. The effect of this is that it is seen before the task is executed that the previous DP
cycle has still not been completed. It follows that inputs are not copied before starting the task, so that the task
computes with the old inputs; after the task has been processed no outputs are copied, nor is the DP cycle
restarted, so that a DP cycle is omitted. The omission of a DP cycle can be detected with the CycleCounter, as
described in the Master Diagnostics section.

Comparison of I/O at task start and 1/O not at task start

An advantage when "I/O at task start" is selected is that the task and the DP cycle do not have to share the
available bandwidth, and that the DP cycle starts very regularly, any jitter being the TwinCAT jitter. If "I/O not at
task start" is selected, then it is more likely that a DP cycle will be omitted; the regularity of the start times of the
DP cycles depends additionally on the jitter in the task processing. The disadvantage of the "I/O at task start" is
that the dead time, or system reaction time, becomes longer.

VvV &V & 4ATWINCAT
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Slave Prioritisation/Multiple DP Cycles

Distribution of the DP slaves over a number of DP cycles
(prioritisation of the slaves)

Slaves can be prioritised so that the DP cycle time can be kept as short as possible in systems in which a few
slaves must be polled very rapidly, whereas a larger cycle time would be adequate for other slaves. It is possi-
ble to specify for each slave in what multiple of cycles (Divider under Data-Exch Poll-Rate on the slave's
Features tab) it will be polled. Distributing the polling is then helpful, as, for instance, in the case illustrated
below where there are four slaves, each of which is only to be addressed in every second cycle. It is possible to
make settings so that two slaves will be polled in one cycle and the other two slaves in the other cycle, so that
the overall DP cycle time is kept as constant as possible. For this purpose, the Features tab for the slave offers
the Modulo setting under Data-Exch Poll-Rate. In the illustrated case, slaves 3 and 5 have Modulo 0 while
slaves 4 and 6 are given Modulo 1. The current modulo value can be read in the ActualModulo variable which
is described in the Master Diagnostics section.

0 1 2 3

| I I I I I I I | I I I I I (=)
Realtime

Task Copy | Gopy Task Copy | Gopy
Inp. | Qutp.

Slave 1 Slave 2 Slave 2 Slave 5 Slave 1 Slave 2 Slave 4 Slave &

Multiple DP Cycles in one Task Cycle

If the task cycle time is more than twice as long as the DP cycle time, it is possible for a number of DP cycles to
be carried out within a single task cycle, in order to acquire the most up-to-date input data possible. In accor-
dance with a factor set on the master's FC310x tab governing the Number of DP cycles per task cycle, a
timer is started at the beginning of the first DP cycle, loaded with the cycle time (task cycle time/(number of DP
cycles per task cycle)), and this is then used to start further DP cycles. It is, however, necessary to check that
the last DP cycle is completed in good time (before the next task start), since otherwise one DP cycle will fail (or

possibly more than one, depending on the ratio expressed in the number of DP cycles per task cycle), as de-
scribed in the Synchronisation section.

0 1 2 3 4

| | | | | | | | | | | | | | | | | | s,
Realtime,

Copy Task Copy
Inp. a8 Outp. 2ms

Timer-Intemupt
auf Master

DP-Cycle DP-Cycle

Task

Multiple Data Samples Within One Task Cycle

The two functionalities just described can now be combined in order, for instance, to give one or more slaves in
a 2 ms cycle new data every 1 ms, or to obtain new data from the slave in order to achieve better regulation
quality. In this case, settings are made under Additional Data_Exchange Samples on the slave's Features
tab instead of under Data-Exch Poll-Rate (as described above).

In the example illustrated below, the Number of DP cycles per task cycle factor is to be set to 2 on the mas-
ter's FC310x tab. So that the task can send 2 different values to the slave, or is able to receive 2 different val-
ues from the slave, the appropriate slave is to be entered into the System Manager twice. All settings, with the
exception of Modulo under Additional Data_Exchange Samples on the slave's Features tab, must be the
same. A 0 is entered here for the corresponding slave in one of the boxes and a 1 in the other box in the Sys-
tem Manager. The Multiplier under Additional Data_Exchange Samples is to be set for this slave in both

VvV &V & 4ATWINCAT
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boxes to 2, so that each of the two boxes that have been entered is only polled in every second DP cycle (the
slave is in fact polled in each DP cycle, as it is entered twice). For all other slaves that are only to be polled
once within the task cycle (and which of course are only therefore entered once in the System Manager), the
Multiplier under Additional Data_Exchange Samples is also set to 2. Modulo under Additional Da-
ta_Exchange Samples can now be used to distribute these slaves over the two cycles. A slave that is polled
twice but which is only to have one variable image in the task is only to be inserted once; the Multiplier would
be set to 1, and Modulo to 0.

In the present example, slaves 1 and 2 would each be entered into the System Manager twice, with these set-
tings:

- Additional Data_Exchange Samples/Multiplier = 2

- Additional Data_Exchange Samples/Modulo = 0 or 1

Slaves 3 and 5 would only be entered into the System Manager once, and would have these settings:
- Additional Data_Exchange Samples/Multiplier = 2

- Additional Data_Exchange Samples/Modulo = 0

Slaves 4 and 6 would also only be entered into the System Manager once, with these settings:

- Additional Data_Exchange Samples/Multiplier = 2

- Additional Data_Exchange Samples/Modulo = 1

0 1 2 3 4 Time
| | | | | | | | | | | | | | | | | | s
Realtime,
Copy Copy Copy
Task Inp. Task Outp. 2ms Inp.f
) Timer-Interrupt
auf Master
Slave 1 Slave 2 Slave 3 Slave 5 Slave 1 Slave 2 Slave 4 | Slave §

For slaves 1 and 2, the variables are present twice (in each case there 2 boxes in the System Manager). The
variables associated with the box where Additional Data_Exchange Samples/Modulo is set to 0 are sent or
received first.

VvV &V & 4ATWINCAT
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Sync/Freeze functionality

Sync is used for the simultaneous outputting of outputs for several slaves, Freeze is used for reading in inputs
from several slaves simultaneously.

The process in TwinCAT with FC310x and Bus Couplers (in K-Bus synchronous mode) would therefore be as
follows (see the Synchronisation section):

- The outputs are written at the beginning (I/O at the start of the task) or the end (I/O not at the start of the task)
of the task cycle

- This will start the PROFIBUS cycle

- A Sync/Freeze telegram is sent at the start of the PROFIBUS cycle

- This will cause the Bus Couplers to start a K-Bus cycle with the outputs from the last task cycle and transfer
the inputs from the last K-Bus cycle

- The master will then send the current outputs to each slave and pick up the transferred inputs

- The inputs are read at the start of the next task cycle

- etc.

Outputs and inputs are therefore always one cycle old.

TwinCAT-Task / TwinCAT-Task /
Outputs 1 Inputs O Outputs 2 Inputs 1
\ Synct \ Synct
Freaze DP-Zyklus Fraaze DP-Zyklus
o oY
Gutputs 0 Iy uts{‘ Gutputs 1 In MS{'
Inputs 0 P Inputs 1 P
" K-Bus- "l K-Bus-
Zyklus Lyklus

For the FC310x the operation mode is to be set on the master's FC310x tab to "DP/MC (Equidistant)". For the
boxes that are to be operated with Sync/Freeze, the Sync/Freeze enable flag is to be clicked on these slave's
Profibus tab. The master always uses group 1 for the Sync/Freeze synchronisation.

VvV &V & 4ATWINCAT
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Diagnostics

Overview

The Error reactions section describes the reactions that will be given to slaves that do not answer or that an-
swer incorrectly, to a PLC stop or at start-up. The Slave Diagnostics section explains how diagnostic data
provided by the slave and slave statistics can be read, while the Master Diagnostics section describes general
diagnostic information and statistics.

VvV &V & 4ATWINCAT
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Error Reactions

Failure of a slave

If a slave does not answer, or answers incorrectly, the master repeats the telegram a number of times up to the
Max Retry Limit (see the master's Profibus tab). The master repeats the telegram immediately on receipt of a
faulty telegram, whereas in the timeout case the master has waited for an answer from the slave for the Slot
Time (see the master's Profibus tab). At 12 Mbaud, a slot time of 1000 bit-periods and a max retry limit of 4
(the default values) then a Data_Exchange telegram will delay sending the following telegram by

Toelay = (4 X ((15 + number of outputs) x 11 + 1000) - (15 + number of inputs) x 11)/12 ps

The DpState of the slave is set to 0x02 (timeout) or 0x0B (faulty telegram). The effect on the DP connection
can be set (see below).

Normal DP cycle (12 Mbaud, 5 slaves, an average of 20 bytes |, 20 bytes O for each slave)

0 40 80 120 160 200 240 280 320 us
I I I I I I I I I

v

Slave 1 Slave 1 Slave 2 Slave 2 Slave 3 Slave 3 Slave 4 Slave 4 Slave 5

| ]
(Outputs) | (Inputs) [ (Dutputs) (Inputs) {Qutputs) | {Inputs) {Qutputs) (Inputs) | (Outputs) Slave 5 (Inputs)

first occurrence of a faulty DP cycle (slave 3 does not answer)

0 40 80 120 160 ca. 880 c¢a. 920 ca 960 ca. 1000
I I I I I I I I I

¥

Timecout {100 ps) + 4 *
(Wiederholung (ca. 30 ps) #Time-
out) + Varwalung {ea. 100 ps)

Slave 4 Slave 4 Slave 5
{Outputs) (Inputs} | (Outputs)

Slave 1 Slave 1 | Slave 2 Slave 2 Slave 3

{Outputs) | (Inputs) | (Outputs) | (nputs) | (Outputs) Stave 5 {Inputs)

subsequent DP cycles (slave 3 no longer in the polling list)

0 40 80 120 ca. 240 ca. 280 ca. 320 ca. 360

I I I I i I I I I .
Slave 1 Slave 1 Slave 2 Slave 2 Verwaltung (ca. Slave 4 Slave 4 Slave 5 Slave 5 (Inputs
(Qutputs) | {Inputs} | {Outputs) {Inputs}) 100 ps) (Qutputs) [Inputs) {Qutputs) puts)

It can still happen that the slave answers incorrectly (e.g. because, as a result of a local event on the slave, the
DP connection has been removed). In this case, the telegram is not repeated, but the system continues by
sending the next telegram. The DpState is set to a value other than 0, the slave is removed from the polling list
and is no longer addressed in the following DP cycle (which means that the time at which the following telegram
is sent changes), until the DP connection can be established again.

Reactions in the master

The master's reactions can be set differently for each slave (see the tab for the slave's Features).

Effect on the DP connection (NoAnswer reaction) if the slave either does not answer or does not answer
correctly
This specifies whether the DP connection to the slave should be removed immediately in the absence of a cor-
rect reception telegram, or only after the DP watchdog time has elapsed (see the slave's Profibus tab).

1. If the DP connection is to be removed immediately (Leave Data Exch, default setting) the slave is removed
from the polling list and is no longer addressed in the following DP cycles until the DP connection is established
once again. In order to re-establish the DP connection to the slave, at least 7 telegrams are sent, and the proc-
ess generally requires at least 10-20 ms.

2. If the DP connection is only to be removed when the slave has not answered (or not answered correctly)
within the DP watchdog time (Stay in Data-Exch (for WD-Time)), a further attempt is made in the next polling
cycle to address the slave, but if the slave does not answer, a repeat is not sent.

VvV &V & 4ATWINCAT
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The "Stay in Data-Exch (for WD-Time))" (2.) setting makes sense if the PROFIBUS cycle is to continue to oper-
ate at the most regular possible period even if a slave fails, and if the failure of a slave for one or more cycles
can be tolerated (e.g. in the DP/MC (Equidistant) operating mode). In that case the DP watchdog time for the

slave should be set to correspond to the slave's tolerable failure time, and the Max Retry Limit (DX) (see the
master's Profibus tab) should be set to 0.

Normal DP cycle (12 Mbaud, 5 slaves, an average of 20 bytes |, 20 bytes O for each slave) in the "Stay in
Data-Exch (for WD-Time)" mode

0 40 80 120 160 200 240 280 320 us
| I I | I | I | I .
Slave 1 Slave 1 Slave 2 Slave 2 Slave 3 Slave 3 Slave 4 Slave 4 Slave 5 Slave 5 (Inputs)
(Outputs) | (Inputs) [ (Dutputs) (Inputs) {Qutputs) | {Inputs) {Outputs) (Inputs) (Outputs) puis)

first faulty and subsequent DP cycles in the "Stay in Data-Exch (for WD-Time)" mode (slave 3 does not

respond)
0 40 80 120 160 320 360 400 440 .
| | | | L | | | HS
Slawve 1 Slave 1 Slave 2 Slave 2 Slave 3 Timeout (100 ps) + Slave 4 Slave 4 Slave 5 Slave 5 (Inputs)
(Outputs) | {Inputs) | (Qutputs) (Inputs) (Outputs) | Verwaltung (60 ps) (Outputs) (Inputs) (Dutputs) ’ M

Changes of the slave's input data if the slave does not respond correctly
This specifies whether the slave's input data is set to 0 when it fails ("Inputs will be set to 0", which is the default
setting) or whether the existing values are retained ("No changes"). In either case the DpState of the slave is
set to value other than 0, so that the task can always recognise whether or not the data is valid. If a slave gives
a faulty answer, the input data is always set to 0, independently of the setting of Changes of the Input Data.

Setting the slave's restart behaviour if the DP connection to the slave is removed
This specifies whether the DP connection to slave whose DP connection has been removed is automatically re-

established, or whether this should be done manually as a result of a call to ADS-WriteControl (see ADS-
Interface).

The reaction of the master if the DP connection to the slave is removed
This specifies whether removing the DP connection to a slave has no other effects (No Reaction, the default

setting), or whether the master should enter the STOP state, thus removing the DP connections to all the sla-
ves.

Effect on the state of the master (Auto-Clear mode), if the DP connection to the slave is removed
The Auto-Clear mode (see the device's Profibus tab) can be used to specify whether the master enters (or
stays in) the "Clear" state as long as either at least one MC slave (the "Only MC-Slaves" setting) or any slave
(the "All Slaves" setting) does not respond correctly (has a DpState other than 0).

The Reaction of the Master setting (see the slave's Features tab), which was described in the previous sec-

tion, has priority over the Auto-Clear mode, so that when an appropriately set slave fails, the Master enters the
STOP state.

Failure of the master

Monitoring in the PLC/IO task
In the presence of a persistent bus fault, the DP cycle can be extended up to 100 ms, even at 12 Mbaud. In
order to monitor the DP master, there is a status variable CycleCounter, and this can be linked in the PLC (see

the Master Diagnosis section). This variable is incremented by the master after each DP cycle, so that failure
of the master can be detected in by monitoring this variable in the PLC.

Monitoring in the slave
In order to monitor failure of the master and data transmission on the PROFIBUS, a watchdog (see the box's
Profibus tab) can be activated (default setting: watchdog activated with 200 ms). The watchdog time must be

set to a length at least twice as great as the greater of Estimated Cycle Time and Cycle Time (see the de-
vice's FC310x tab).
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Failure of the PLC/IO task

A distinction is made between a PLC stop, reaching a break point and a task stop (the 1/0 task and NC task are
only stopped when the entire system stops). In the case of a PLC stop, the output data is set to 0 by the PLC,
whereas when a breakpoint is reached the data initially remains unchanged.

The task is monitored in the master using a monitoring time (corresponding to the setting of Clear Delay on the
Profibus tab for the device x task cycle time). If no new data is transferred within this monitoring period, then,
according to the setting of Reaction on PLC-Stop (see device's Profibus tab), the Master will enter the "Clear"
state, in which outputs are set to 0 or to the safe state (if Fail_Safe = 1 in the GSD file), which is the default
setting, or remains in the "Operate" state (outputs retain their most recent value). The "Operate" setting is valu-
able when the outputs should not be cleared when a breakpoint is reached in the PLC. However, if the PLC
stops, the outputs will still be set to 0 (by the PLC), even if the master remains in the "Operate" state. It should,
however, be noted that the outputs will only be zeroed if the previous DP cycle is completed in time (see the
Synchronisation section). It should therefore only be set during the commissioning phase.

Failure of the host

In order to monitor for failure of the host (e.g. if a PC goes into the blue screen state) it is possible for a watch-
dog time to be set (see the master's FC310x tab). If this watchdog timer elapses, the master enters the OFF-

LINE state, so that the DP connections to all the slaves are removed, and the master logs off from the PROFI-
BUS, ceasing to carry out bus accesses.

Start-up behaviour

The DP connections to all the slaves are established when the TwinCAT system starts up. Until the highest
priority task that is involved has not been started, the master still does not send any Data_Exchange telegrams
even after the DP connection has been established, and sends only diagnostic telegrams. As soon as the high-
est priority task has transferred data once, and the DP connection for the corresponding DP slave has been
established, the master cyclically (with the highest priority assigned task) sends one Data_Exchange telegram
to each of the corresponding slaves.

It is also possible to specify by means of the Operate Delay and Auto Clear mode settings (see the master's
Profibus tab) when the master will change from the "Clear" state (in which the outputs are set either to 0 or to
the safe state (Fail_Safe = 1 in the GSD file)) into the "Operate" state (in which the outputs correspond to the
outputs supplied by the task). The Operate Delay specifies the minimum length of time for which the master
should remain in the "Clear" state following the first transfer of data. As has been described above, the Auto
Clear mode specifies whether the master changes into or remains in the "Clear" state if a slave in general or
an MC slave in particular fails.

Shut-down behaviour

The reaction to the stopping of the TwinCAT system is exactly the same as has been described above in the
"Failure of the Host" section; the DP connections to all slaves are removed, and the master logs itself off from
the bus.
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Master Diagnostics

Diagnosis Inputs

The master possesses a variety of diagnostic variables that describe the state of the card and of the Profibus.
They can be linked in the PLC:

SR 0 vice 1 (FC310x)
--=f= Device 1-Image

=2 %T Inputs

..... Q‘I‘

..... {)‘I‘
..... {)‘I‘

Cdlinfo:

ZdiInfo

T cydeCounter
T error

T actualCycleTime
&1 actualModulo
Caunker

%1 Counter[0]
T Counter[1]
T Counter[2]
%1 Counter[3]
T Counter[4]
%1 Counter[S)
%1 Counter[f]
%1 Counter[7]
DiagFlag
GlobalState

%71 Globalskake[0]
%71 Globalstake[1]
%71 Globalstake[2]
%71 Globalskake[3]
LaskAdsError
CyleFailedCounter

=~ ‘l Outputs
i 4] StartRedundantMasterFlag

Cdlinfo.error: Shows the number of slaves with which data exchange could not take place in the last cycle.
The box status (BoxState) of the slaves should only be checked if this value is not equal to 0.

Cdlinfo.cycleCounter: Is incremented at the end of each PROFIBUS cycle in order that this variable can indi-
cate whether the last cycle was completed before the task was started.

Cdlinfo.actualCycleTime: Shows the current cycle time in 4/25 ps. This variable is updated only when all sla-
ves are involved in the data exchange (also when CdlInfo.error is 0).

Cdlinfo.actualModulo: Indicates the current modulo. This variable is only of significance if the slaves are
prioritised (see the Slave Prioritisation/Multiple DP Cycles section)

Counter: Used for the Redundancy mode

DiagFlag: Indicates whether the card's master diagnostic information has changed. It can then be read via ADS
by the controller program, after that the "DiagFlag" variable is reset.

GlobalState: GlobalState[0] indicates the state of the FC310x, GlobalState[1-2] indicate global bus statuses,
while GlobalState[3] is reserved for extensions:

RESET (1): Card router not started (after start-up of the PC).

INIT (2): Router started but card not active on PROFIBUS.

STOP (3): Card active on PROFIBUS, but no cyclical data exchange.

STOPPING (4): Card ends cyclical data exchange.

RUN (0): Card in cyclical data exchange.
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GlobalState[1] counts the detected bus errors (as from FC310x, version 1).

GlobalState[2]: Bit 0 is set, if no 11 bit idle time is detected on the PROFIBUS (-> check cabling), bit 1 contains
the operating mode CLEAR (bit 1 = 1) or OPERATE (bit 1 = 0), the other bits (2..7) are reserved for expansions
(from FC310x, version 1).

GlobalState[3] is reserved for expansions.

CycleFailedCounter: This counter shows how often the FC310x PROFIBUS cycle was unready at the start of
the TwinCAT task.

StartRedundantMasterFlag: Is used for the Redundancy mode

Master Diagnostics Data

The master diagnostic data can be read by ADS:

ADS-Read parameters Meaning

Net-ID Net-ID of the master (see the device's ADS tab)
Port 200

IndexGroup 0x0000F100

IndexOffset offset within the diagnosis data

Length Length of the diagnostic data that is to be read
Data Diagnostic data

The master diagnostic data has the following structure:

Offset Description

0-125 BusStatus List, one byte per station address 0-125 which contains the station status (see Box-
State for PROFIBUS boxes and for non-selected stations: 0x80 - not present, 0x81 - slave,
0x82 - master not ready for token ring, 0x83 - master ready for token ring, 0x84 - master in
token ring).

126 - 127 reserved

128 - 135 State of the FC310x (->GlobalState).

136 - 137 Send error counter for all sent telegrams.

138 - 139 Receive error counter for all received telegrams.
140 - 255 reserved for extensions

256 - 257 Sync Failed Counter (see EquiDiag tab).

258 - 259 Cycle Start Error Counter, counts up one when the PROFIBUS cycle is restarted before the old
cycle is complete (intercepted by the TwinCAT-IO driver, only possible with customised drivers).

260 - 261 Time Control Failed Counter (see EquiDiag tab).
262 - 263 reserved for extensions
264 - 265 Minimum reload value of real time timer.

266 - 267 Maximum reload value of real time timer (max. FCxxxx-Jitter (see EquiDiag tab) = max. reload
value - min. reload value).

268 - 269 PLL Overflow counter (see EquiDiag tab)
270 - 271 PLL Underflow counter (see EquiDiag tab)
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Tclo diagnostic data

The Tclo driver also generates diagnostic data that can be read, activated, deactivated and reset by ADS. It s,
however, deactivated by default. It is activated if the EquiDiag or GeneralDiag tab of the device is selected,
and is deactivated when the EquiDiag tab for the device is deselected.

Activation, deactivation and resetting the Tclo diagnostic data

ADS-Write parameters Meaning

Net-ID PC Net ID.

Port 300

IndexGroup 0x00005000 + Device-ld (device's General tab)
IndexOffset OxFFFFF100

Length 2

Data 0: Deactivation of the Tclo diagnostic data

1: Activation of the Tclo diagnostic data
2: Resetting the Tclo diagnostic data

Reading the Tclo diagnostic data

ADS-Read parameters Meaning

Net-ID PC Net ID.

Port 300

IndexGroup 0x00005000 + Device-ld (device's General tab)
IndexOffset OxFFFFF100

Length Length of the Tclo diagnostic data

Data Tclo diagnostic data

The Tclo diagnostic data has the following structure:

Offset Description

0-3 Max. TwinCAT jitter (in 100 ns, see EquiDiag tab)
4-7 Min. Mapping-Time (in 100 ns, see EquiDiag tab)
8-11 Max. Mapping-Time (in 100 ns, see EquiDiag tab)
12-15 max. FC310x jitter (in FC310x ticks, see EquiDiag tab)
16 -19 CycleWithNoDxch-Counter (see GeneralDiag tab)
20-23 CycleWithRepeat-Counter (see GeneralDiag tab)

24 - 27 Max. Repeat/Cycle (see GeneralDiag tab)

28 - 31 Actual Cycle-Time (in 4/25 ps, see GeneralDiag tab)
32-35 Max. Cycle-Time (in 4/25 us, see GeneralDiag tab)

36 -39 Min. Cycle-Time (in 4/25 ps, see GeneralDiag tab)

40 - 43 RealFailedCycle-Counter (see GeneralDiag tab)

44 - 47 EquiCycleNoDxch-Counter (see EquiDiag tab)

48 - 51 EquiCycleRepeat-Counter (see EquiDiag tab)

52 -55 Max. Repeats/Equi-Cycle (see EquiDiag tab)

56 - 59 Actual Equi-Cycle-Time (in 4/25 ps, see EquiDiag tab)
60 - 63 Max. Equi-Cycle-Time (in 4/25 us, see EquiDiag tab)
64 - 67 Min. Equi-Cycle-Time (in 4/25 ps, see EquiDiag tab)
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Slave Diagnostics

DP-State

Each DP slave has a status variable that indicates the current state of that DP slave. This status is maintained
in real time, so that it is always adapted to the current DP slave data, and can be linked to a PLC variable (->
DpState of the slave):

SR B EC: 1 (BK100]
=% Eingange
i el DpState

T ExtDiagFlag

Diagnostic data

Any DP slave can acyclically report DP diagnostic data during data exchange operation. The slave here sets
the Diag_Flag in the response to the cyclic Data_Exchange telegram, as a result of which the DP master auto-
matically reads the DP diagnostic data from the slave. This does not affect the Data-Exchange cycle in the
Beckhoff DP master, because the DP diagnostic telegram is sent at the end of the cyclic Data-Exchange cycle,
and before the beginning of the next cycle. If the DP diagnostic data read from the slave has changed from its
previous state, the DP master sets the "ExtDiagFlag" variable, which can be linked to a variable in the controller
program.

The DP slave's current diagnostic data is displayed in the system manager on the slave's Diag tab. It can also
be read by the controller program via ADS, which will cause the "ExtDiagFlag" flag to be reset once more:

ADS-Read parameters Meaning

Net-ID Net-ID of the master (see the device's ADS tab)
Port 200

IndexGroup 0x00yyF181 (yy = station address of the slave)
IndexOffset offset within the diagnosis data

Length Length of the diagnostic data that is to be read
Data Diagnostic data

The diagnostic data contains the slave statistics (32 bytes) and the DP diagnostic data sent by the slave (up to
244 bytes), and is constructed as follows:

Offset Meaning
Slave statistics

0 Receive Error Counter (WORD): The number of faulty telegrams occurring while communicating
with this slave.

2 Repeat-Counter[8] (WORD): The repeat counters indicate how many repeats have had to be
made, and how often. Repeat Counter[0] indicates how often it has been necessary to repeat a
telegram for this slave once, Repeat Counter[1] shows how often a telegram for this slave has had
to be repeated twice, and so on. The maximum number of repeats is set by the Max Retry-Limit
parameter (see the master's Profibus tab). The range of values extends from 0 to 8, which is why
there are 8 repeat counters (for 1 to 8 repetitions)

18 reserved for extensions

20 NoAnswer Counter (DWORD): The number of telegrams in communication with this slave that
have not received a answer. The first time that a slave fails to answer, the telegram is repeated up
to MaxRetryLimit times, but if it does not answer even then, further telegrams are not repeated.

24-27 Last-DPV1-Error[4] (BYTE): The most recent faulty DPV1 response is entered here (byte 0: DPV1
service (bit 7 is set, thus indicating an error), byte 1: Error_Decode, byte 2: Error_Code_1 (Er-
ror_Class/Error_Code), byte 3: Error_Code_2), see description of the DPV1 error codes

27-31 reserved for future use

from 32 DP diagnostic data
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DP State of the Slaves

Value Description

0
1
2

10

11
13
14
15

16

17

18
19

128

129

130

No Error - station is exchanging data
Station deactivated - slave has been deactivated, temporary state during StartUp

Station not exists - slave does not reply on the bus -> check whether slave is switched on, whether
PROFIBUS plug is in, correct station address or bus cables

Master lock - slave is exchanging data with another master -> remove other master from bus or re-
lease slave again by other master

Invalid slave response - incorrect answer from slave, occurs temporarily if slave has ceased data
exchange as a result of a local event

Parameter fault - check whether Bus Coupler / GSD file is correct, that station address is correct or
that UserPrmData settings are correct

Not supported - DP function is not supported -> check whether GSD file is correct or whether station
address is correct

Config fault — configuration fault -> check whether the added terminals / modules are correct
Station not ready -> station starting up, temporarily displayed during StartUp

Static diagnosis - slave signalling static diagnosis and cannot deliver valid data at present -> check
operating state at the slave

Diagnosis overflow - slave signalling a diagnosis overflow -> check diagnostic data (using ADS-Read,
see below) and operating state at the slave

Physical fault - physical fault interfering with slave response -> check cables
Severe bus fault ->check cabling
Telegram fault - slave responding with an invalid telegram -> must not occur

Station has no resources -> slave has insufficient resources for the telegram -> check that GSD file is
correct

Service not activated -> temporary fault when slave ceases data exchange due to a local event, oth-
erwise check whether DP functions are disabled at the slave

Unexpected telegram -> can occur temporarily if two PROFIBUS networks are connected together or
check whether bus times for the second master are set identically

Station ready -> can occur temporarily during StartUp and until the task is started

DPV1 StartUp -> occurs temporarily after the DP has started up if there is still data to be sent by
DPV1 Write

FC310x in slave mode, waiting for data transfer -> slave was parameterised and configured but has
not yet received a Data_Exchange telegram

FC310x in slave mode, waiting for configuration -> slave was parameterised, but has not yet received
a Chk_Cfg telegram

FC310x in slave mode, waiting for parameters -> slave was not yet parameterised, waiting for
Set_Prm (Lock) telegram
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PROFIBUS MC

The difference between PROFIBUS MC and PROFIBUS DP is that the PROFIBUS cycle is constant, with a
jitter of a few microseconds (for PROFIBUS DP, the jitter is greater than 100us), and at the start of the cycle a
broadcast global control telegram is sent, which can be used by the MC slaves for synchronisation. This en-
ables precise synchronisation of drive control loops with the NC.

However, this precise synchronisation means that bus disturbances, switching off of slaves, pulling of bus plugs
etc. will usually lead to a loss of synchronicity between master and slave, since the bus timing is changed.

FC310x with Simodrive 611U has Plug&Play functionality

The following steps are required for operating a Simodrive 611U on a FC310x:

1. Set FC310x to operating mode "DP/MC (equidistant)”.

2. Add box "Siemens AG, Profidrive MC”.

3. Adjust 611U station address ("Profibus” box tab).

4. Append axis (or 2 axes for 611U with 2 axes) to NC task, select axis type "continuous axis”.

5. Link axis (or axes) with 611U (select axis type "ProfiDrive MC” in the "Settings” axis tab, then link with 611U;
for a 2-axis 611U, both axes have to be linked, otherwise a 611U error will occur).

6. Press the "Calculate equi-time” button on the "FC310x” tab at the FC310x.

7. Save project in the registry and start TwinCAT. The 611U should now change to RUN, the axis can be oper-
ated via the NC online menu.

Should this not be the case, check the following:
DpState of the 611U in TwinCAT is 2: Check 611U station address.
DpState of the 611U in TwinCAT is 5: Check whether the correct PROFIBUS module is inserted at the 611U.

DpState of the 611U in TwinCAT is 7: Check whether P922 is set to the correct standard telegram (according to
the ProcessData tab for 611U in the System Manager).

DpState of the 611U in TwinCAT is 0, but 611U still does not change to RUN: Check the 611U firmware ver-
sion; for firmware versions below 3.4.3, 611U synchronisation errors (error 597 or 598) can only be rectified via
a hardware reset of the 611Us, otherwise look up the error code in the Siemens manual.

If several 611Us are configured, the equidistant times may have to be adjusted (see below).

DP/MC Equidistant Mode

In order to operate the FC310x with PROFIBUS MC it is necessary to set the "DP/MC (Equidistant)" Operation
Mode on the master's FC310x tab. Whichever task uses the equidistant functionality of the FC310x (most often
this is the NC task) should have the highest priority, as otherwise the synchronicity can be disturbed. Addition-

ally, the Sync Mode can be selected. This specifies where the synchronisation signal is generated.

Disabled (PC is Sync Master)

The synchronisation signal is generated by the PC, the FC310x synchronises itself with the PC (PROFIBUS
cycle jitter approx. 2-4 ps).
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Realtime

Task Mapping Task Task

MG~ MG-
Access Access
-Time -Time
P DP-Cycle - DP-Cycle

The NC Access Time specifies by how much the PROFIBUS cycle is shifted towards the TwinCAT cycle, the
PLL Sync Time should be set to approx. 10% of the NC-Access-Time (max. 50 us).

Sync Slave

The synchronisation signal comes from another device, whose Sync mode must be set to "Sync Master”. The
connection between the sync master and the sync slave is made through a hardware link. This is only sup-
ported as from FC310x hardware version 4 and firmware version 3.00. No times have to be set.

Sync Master

The synchronisation signal is generated by the FC310x, the PC synchronises itself with the FC310x (jitter of the
PROFIBUS cycle approx. 1 us).

0 1 2 3 T
| | | | | | | | | | | | | | {me)
Fealtime
Task Mapping Task i
NE-

Access

-Time
e e e DP-Cycle DP-Cycle

The NC Access Time specifies by how much the TwinCAT cycle is shifted towards the PROFIBUS cycle.

Setting of Equidistant Times

On the master's FC310x tab the Calculate Equi Times button can be used to set all the equidistant parame-
ters automatically. The only parameter that may possibly have to be adjusted later is the NC Access Time,
because this depends on the maximum TwinCAT jitter and on the maximum mapping time. This in turn de-
pends on all the devices, so that adding and linking boxes to other devices has the effect that it may neverthe-
less be necessary to change the NC Access Time for an unchanged device. If "I/O not at task start" is selected
(see the Synchronisation section), then the NC Access Time also depends on the task runtime. In order to
avoid the NC Access Time having to be adjusted manually every time the Calculate Equi-Times button is
pressed, the ratio of NC Access Time to Cycle Time can be specified (default is 15%).

Disabled (PC is Sync Master) or Sync Master

The NC Access Time must be greater than the maximum TwinCAT jitter plus the maximum mapping time,
plus, if "I/O not at task start" is selected for whichever task linked to the FC310x has the highest priority, it's task
runtime.

Diagnosis of Equidistant Times

Diagnostics of the equidistant times can be carried out with the EquiDiag tab in the System Manager, of by
ADS in the controller program (see Master Diagnostics section).
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ADS (acyclic communication)
ADS Interface

All acyclic data are transmitted to or from the FC310x via ADS-Read, ADS-Write or ADS-Write-Control. The
FC310x has its own Net-ID and supports the following ports:

Port Description

200 This addresses the FC310x itself, i.e. data that reside locally on the FC310x, and for which
usually no additional bus access is required

0x1000 - This addresses a connected PROFIBUS device, with the address calculated from port-

0x107E 0x1000; this always involves a bus access

ADS-Read

An overview of the IndexGroups/IndexOffsets supported by the FC310x during ADS-Read is provided below.

IndexGroup for local FC310x addressing (port 200)

IndexGroup IndexGroup
(Lo-Word) (Hi-Word) IndexOffset Description

0xF100 0x00 BYTE offset This reads the diagnostic data from the FC310x. If the ADS-
within the data | Read is answered without error (error code = 0), the data
will contain the diagnostic data of the FC310x described in
section Master-Diagnose. The FC310x will reset the
FC310x DiagFlag. It will be set again, if the FC310x diag-
nostic data change again.

OxF181 0x00-0x7E BYTE offset This will read the diagnostic data of a configured DP slave.
within the data | The station address is calculated from the IndexGroup(Hi-
Word). If the ADS Read is answered without error (error
code = 0), the data will contain the diagnostic data of a con-
figured DP slave described in section Slave-Diagnose.

0xF830 0x8000- always 0 This enables detection of the DP slaves present at the

0x807E PROFIBUS, independent of whether they were configured
or not. The station address is calculated from Index-
Group(Hi-Word)-0x8000. If the ADS-Read is answered with-
out error (error code = 0), the corresponding DP slave has
answered correctly. The data contain the Ident no. of the
slave (BYTE offset 0-1) and the read CfgData (from BYTE
offset 2) (see section Upload Configuration).

0xF840 0 BYTE offset This will read the firmware version and the station address
within the data = of the FC310x. If the ADS-Read is answered without error
(error code = 0), the data will contain the firmware version
(BYTE offset 0-1) and the station address of the FC310x
(BYTE offset 2).

IndexGroup for addressing of a configured PROFIBUS device (port 0x1000-
0x107E)

IndexGroup IndexGroup
(Lo-Word) (Hi-Word) IndexOffset Description

0x00-0xFF 0x00 0x00-0xFF This will send a DPV1-Read to the appropriate, configured
DPV1 slave via a Class 1 connection; the DPV1 slot number
corresponds to the IndexGroup, the DPV1 index corresponds
to the IndexOffset. If the ADS-Read is answered without error
(error code = 0), the data will contain the read DPV1 data
(see section DPV1)

0x100-0x1FF | 0x00 0x00-0xFF This will send a DPV1-Read to the appropriate, configured
DPV1 slave via a Class 2 connection; the DPV1 slot number
corresnonds to the IndexGroun - 0x100. the DPV1 index
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0x0000 - 0x10000000 -
OxFFF 0xF0000000

0 0x01000000

ADS-Write

0x00-0xFF

0

corresponds to the IndexOffset. If the ADS-Read is answered
without error (error code = 0), the data will contain the read
DPV1 data (see section DPV1)

This will transmit a PKW-Read to the appropriate, configured
PROFIDRIVE slave; the parameter number (PNU) is con-
tained in the Low WORD of the IndexGroup, the sub-index for
access to an array is in the IndexOffset, the addressed axis is
in bits 28-31 of the IndexGroup (for a 1-axis unit, this must be
1), the PKW compatibility can be adjusted in bits 26, 27
(unfortunately, not all PROFIDRIVE slaves are compatible,
see section PKW-Interface).

This will send FDL-Read for Siemens AG interfacing to the
appropriate configured FDL station (see section S5-FDL).

An overview of the IndexGroups/IndexOffsets supported by the FC310x during ADS-Write is provided below.

IndexGroup for local FC310x addressing (port 200)

IndexGroup IndexGroup
(Lo-Word) (Hi-Word)
0xF100 0x00

IndexOffset

0-2

Description

This will reset the equidistant diagnostic data (IndexOffset
= 0), the Repeat counters (IndexOffset = 1) or the NoAn-
swer counters (IndexOffset = 2) of the FC310x.

IndexGroup for addressing of a configured PROFIBUS device (port 0x1000-

0x107E)

IndexGroup IndexGroup
(Lo-Word) (Hi-Word)

0x00-0xFF 0x00

0x100-0x1FF  0x00

0x400 0x00
0x0000 - 0x10000000
OXFFF -
0xF0000000
0 0x01000000
0 0x02000000

IndexOffset
0x00-0xFF

0x00-0xFF

0x00

0x00-0xFF

Description

This will send a DPV1-Write to the appropriate, configured
DPV1 slave via a Class 1 connection; the DPV1 slot number
corresponds to the IndexGroup, the DPV1 index corresponds
to the IndexOffset (see section DPV1).

This will send a DPV1-Write to the appropriate, configured
DPV1 slave via a Class 2 connection; the DPV1 slot number
corresponds to the 0x100 IndexGroup, the DPV1 index cor-
responds to the IndexOffset (see section DPV1).

With this, a DPV1 Abort is sent to the appropriate configured
DPV1 slave via a class 2 connection; the abort parameters
are included in the data (-> section DPV1).

This will transmit a PKW-Write to the appropriate, configured
PROFIDRIVE slave; the parameter number (PNU) is con-
tained in the Low WORD of the IndexGroup, the sub-index
for access to an array is in the IndexOffset, the addressed
axis is in bits 28-31 of the IndexGroup (for a 1-axis unit, this
must be 1), the PKW compatibility can be adjusted in bits 26,
27 (unfortunately, not all PROFIDRIVE slaves are compati-
ble, see section PKW-Interface).

This will send FDL-Write for Siemens AG interfacing to the
appropriate configured FDL station (see section S5-FDL).

This will send a SetSlaveAddress command to a configured
DP slave, whereby the DP slave must be configured with the
new station address; the old station address must be entered
at BYTE offset O of the ADS-Write data. Furthermore, the
Ident no. of the slave must be contained under BYTE offset 1
and 2, and BYTE offset 3 must contain information as to
whether the slave may be modified later (0) or not (not equal
0). Altoaether. 4 hvtes of ADS-Write data will therefore have
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to be sent.

ADS-ReadWrite

An overview of the IndexGroups/IndexOffsets supported by the FC310x during ADS-ReadWrite is provided
below.

IndexGroup for addressing of a configured PROFIBUS device (port 0x1000-
0x107E)

IndexGroup IndexGroup
(Lo-Word) (Hi-Word) IndexOffset Description
0x100-0x1FF ' 0x00 0x00-0xFF This will send a DPV1-Data_Transport to the appropriate,
configured DPV1 slave via a Class 2 connection; the DPV1
slot number corresponds to the 0x100 IndexGroup, the
DPV1 index corresponds to the IndexOffset (see section
DPV1).
0x200 0x00 0x00 With this, a DPV1 Initiate is sent to the appropriate config-
ured DPV1 slave via a class 2 connection; the initiate pa-
rameters are included in the data (-> section DPV1).
ADS-WriteControl

An overview of the ADS-Write-Control commands supported by the FC310x is provided below.

ADS-WriteControl for local FC310x addressing (port 200)

State of the
AdsState DeviceState FC310x Description
STOP (6) 0x00 RUN (5) This will stop the FC310x, i.e. the process data connections to all
DP slaves (Data_Exchange) are removed (with SetPrm,Unlock).
RUN (5) @ 0x00 STOP (6) This will restart the FC310x after a stop, i.e. the process data

connections to all DP slaves (Data_Exchange) are re-established
(normal DP start-up).

ADS-WriteControl for addressing a configured PROFIBUS device (port 0x1000-
0x107E)

State of the
AdsState DeviceState FC310x Description
STOP (6) 0x00 RUN (5) This will stop the slave, i.e. the process data connection to the

relevant DP slave (Data_Exchange) is removed (with
SetPrm,Unlock).

RUN (5) @ 0x00 STOP (6) This will restart the slave after a stop, i.e. the process data connec-

tion to the relevant DP slave (Data_Exchange) is re-established
(normal DP start-up).

ADS Error Codes

The 32 bit ADS error code always consists of a general ADS error code (Low Word, see ADS documentation)
and a FC310x-specific, unique error code (High Word, -> chapter FC310x ADS error codes). The appropriate
text message will also be displayed in the TwinCAT System Manager Logger.
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PROFIBUS DPV1

On a C1 connection, the master supports the Read and Write services, and on the C2 connection it supports
the Read, Write, Data_Transport, Initiate and Abort services.

C1 Connection (MSAC-C1)

The C1 connection is reserved for the master that cyclically exchanges data with the slave (C1 master). In or-
der for a slave to be able to use the C1 connection, the slave must support DPV1 (this means that the line
"DPV1_Slave = 1" and the key word "C1_Max_Data_Len" with an appropriate length must be in the GSD file). If

it is also generally necessary to activate the C1 functionality by setting bit 7 in the PrmData byte O (see the
slave's Profibus tab) for the corresponding slave (this is done automatically for those Beckhoff devices that

support DPV1).

MSAC-C1-Read is shown in ADS-Read, and MSAC-C1-Write is represented in ADS-Write:

MSAC-C1 Read

ADS-Read parameters
Net-ID

Port

IndexGroup

IndexOffset

Length

Data

MSAC-C1 Write

ADS-Write parameters
Net-ID

Meaning

Net-ID of the master (see the device's ADS tab)
0x1000 + station address of the slave

Slot number (DPV1 parameter)

Index (DPV1 parameter)

Length of the data that is to be read

In response: data that has been read

Meaning
Net-ID of the master (see the device's ADS tab)

Port 0x1000 + station address of the slave
IndexGroup Slot number (DPV1 parameter)
IndexOffset Index (DPV1 parameter)

Length Length of the data that is to be written
Data In request: data that is to be written

C2 Connection (MSAC-C2)

The C2 connection is as a rule intended for a second master (C2 master) that does not communicate with the
slave cyclically, but it is also possible for the C1 master to make use of the C2 connection. In order for a slave
to be able to use the C2 connection, the slave must support DPV1 (this means that the line "DPV1_Slave = 1"
and the key word "C2_Max_Data_Len" with an appropriate length must be in the GSD file).

The connection is automatically established by the master as soon as a Read, Write or Data_Transport access
is requested; it can, however, also be explicitly established through an Initiate. When the connection is being
established automatically, the master sends the Initiate parameters that have most recently been passed (see
the description of Initiate), and initialises the Initiate parameters with 0 after a TwinCAT start (or restart); moni-
toring of the connection is an exception - this is initialised in accordance with the value set in the System Man-
ager (Watchdog under DPV1 Class 2 on the slave's Profibus tab).

It is also necessary for the C2 functionality to be activated for each slave that is to be addressed using C2 ser-
vices by selecting the Enable check box under DPV1 Class 2 (see the slave's Profibus tab).

If a different master performs cyclic data exchange with the slave, then the "No cyclic connection" setting must
be chosen under DP Class 2 (see the slave's Profibus tab). This could, for instance, be useful in order to be
able to debug a BC3100/IL23xx-C310 over PROFIBUS, even though it is being operated by an external control-
ler.

MSAC-C2-Read is represented in ADS-Read, MSAC-C2-Write in ADS-Write, MSAC-C2-Data_Transport in
ADS-ReadWrite, MSAC-C2-Initiate in ADS-ReadWrite, and MSAC-C2-Abort in ADS-Write:
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MSAC-C2 Read

ADS-Read parameters Meaning

Net-ID Net-ID of the master (see the device's ADS tab)
Port 0x1000 + station address of the slave
IndexGroup 0x100 + slot number (DPV1 parameter)
IndexOffset Index (DPV1 parameter)

Length Length of the data that is to be read

Data In response: data that has been read
MSAC-C2 Write

ADS-Write parameters Meaning

Net-ID Net-ID of the master (see the device's ADS tab)
Port 0x1000 + station address of the slave
IndexGroup 0x100 + slot number (DPV1 parameter)
IndexOffset Index (DPV1 parameter)

Length Length of the data that is to be written

Data In request: data that is to be written

MSAC-C2 Data_Transport

ADS-ReadWrite parameters  Meaning

Net-ID Net-ID of the master (see the device's ADS tab)
Port 0x1000 + station address of the slave
IndexGroup 0x100 + slot number (DPV1 parameter)

IndexOffset
Write-Length
Read-Length

Data In request: data that is to be written; in Response: data that has been read

MSAC-C2 Initiate

The MSAC-C2-Initiate service allows the C2 connection to the slave to be established or, if it already exists, for
new Initiate parameters to be passed.

Index (DPV1 parameter)
Length of the data that is to be written
Length of the data that is to be read

ADS-ReadWrite parameters Meaning

Net-ID Net-ID of the master (see the device's ADS tab)
Port 0x1000 + station address of the slave
IndexGroup 0x200 + slot number (DPV1 parameter)

IndexOffset 0
Read-Length
Write-Length

Data Initiate Request parameter or Initiate Response parameter

Length of the Initiate Response parameter (6)

Length of the Initiate Request parameter (10 - 42)

Initiate Request parameter

0x00 - 0x01 Feature_Supported

0x02 - 0x03 Profile_Feature_Supported
0x04 - 0x05 Profile_Ildent_number

0x06 sType

0x07 sLen: Length of sAddr (0 - 16)
0x08 dType
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0x09 dLen: Length of dAddr (0 - 16)
0x0A - 0x19 sAddr
0x1A - 0x29 dAddr
Initiate Response parameter
0x00 - 0x01 Feature_Supported (value received from slave)
0x02 - 0x03 Profile_Feature_Supported (value received from slave)
0x04 - 0x05 Profile_Ident_number (value received from slave)
MSAC-C2 Abort
The MSAC-C2 Abort service allows the C2 connection to the slave to be removed again.
ADS-Write parameters Meaning
Net-ID Net-ID of the master (see the device's ADS tab)
Port 0x1000 + station address of the slave
IndexGroup 0x400 + slot number (DPV1 parameter)
IndexOffset 0
Length Length of the Abort parameter (3)
Data In request: Abort parameter

Abort parameter
0x00 Reason_Code

0x01 - 0x02 Additional_Detail
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Uploading the Configuration

The PROFIBUS can be scanned by ADS read for new devices during operation:

ADS-Read pa-

rameters Meaning

Net-ID Net-ID of the master (see the device's ADS tab)

Port 200

IndexGroup OxzzyyF830 (yy = station address, zz = 0: in Beckhoff devices, tables 0, 1 and 9 are read,
zz = 0x80: Beckhoff devices return the same information as devices from other manufac-
turers)

IndexOffset 0

Length 1538

Data Configuration data of the slave

If the IndexGroup indicates that, for Beckhoff devices, tables 0, 1 and 9 are to be read, then the following data
is supplied, provided the device is a Beckhoff device:

Offset Description

0-1 0

2-513 Table 0. Amongst the information contained here is the precise coupler type and the firmware
version.

514 - 1025 @ Table 9 (includes the coupler number and the terminal numbers)

1026 - Table 1 (only relevant for bus controllers. The assignment of the terminals is part of the informa-
1537 tion contained here)

If the device is from another manufacturer, or if the IndexGroup indicates that Beckhoff devices are to behave in
exactly the same way as devices from other manufacturers, then the following information is returned in the
ADS read response:

Offset Description

0-1 1

2-7 DP diagnostic data bytes 0-5 (see Slave Diagnostics)
8 - 251 DP configuration data (CfgData)
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PKW Interface of PROFIDRIVE Slaves

The PKW interface is integrated into the FC310x; it can then be accessed via ADS from the controller program.
PKW Read is then represented by ADS Read, PKW Write by ADS Write and PKW-Read No Of Array Elements

by ADS Read:

PKW Read

ADS-Read parameters
Net-ID
Port

IndexGroup

IndexOffset
Length
Data

PKW Write

ADS-Write parameters
Net-ID
Port

IndexGroup

IndexOffset
Length
Data

Meaning

Net-ID of the master (see the device's ADS tab)
0x1000 + station address of the slave

Bits 0-11: parameter number (PNU)

Bits 12-25: 0

Bit 26: 1 = Sub-index in octet 3 (standard), 0 = sub-index in octet 4 (Simodrive
611U)

Bit 27: 1 = ARRAY codes are not supported by PROFIDRIVE slave
Bits 28-31: axis number (for single axis modules always 1)
Sub-index (for ARRAY access)

Parameter length: 2 or 4

In response: Parameter value

Meaning

Net-ID of the master (see the device's ADS tab)
0x1000 + station address of the slave

Bits 0-11: parameter number (PNU)

Bits 12-25: 0

Bit 26: 1 = Sub-index in octet 3 (standard), 0 = sub-index in octet 4 (Simodrive
611U)

Bit 27: 1 = ARRAY codes are not supported by PROFIDRIVE slave
Bits 28-31: axis number (for single axis modules always 1)
Sub-index (for ARRAY access)

Parameter length: 2 or 4

In request: Parameter value

PKW ReadNoOfArrayElements

ADS-Read parameters
Net-ID
Port

IndexGroup

IndexOffset
Length

Meaning

Net-ID of the master (see the device's ADS tab)
0x1000 + station address of the slave

Bits 0-11: parameter number (PNU)

Bits 12-15: 0

Bit 16: 1

Bits 17-25: 0

Bit 26: 1 = Sub-index in octet 3 (standard), 0 = sub-index in octet 4 (Simodrive
611U)

Bit 27: 1 = ARRAY codes are not supported by PROFIDRIVE slave
Bits 28-31: axis number (for single axis modules always 1)
0

Parameter length: 1

VvV &V & 4ATWINCAT



BECKHOFF Eiserstrae 5 / D-33415 Verl / Telefon 05246/963-0 / Telefax 05246/963-149
35

Data In response: Number of the parameter 's array elements
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S5-FDL Communication

FDL-AGAG communication is possible with S5 controllers or with other PROFIBUS FDL devices. The following
specifications apply here to the PROFIBUS SAPs:

FC310x sends

SDA request with DSAP = station address + 1 of the FC310x and SSAP = station address + 1 of the other FDL
device. Data corresponds to the data length passed with the ADS write. The SDA telegram is only sent when

there is a call to ADS write:

ADS-Write parameters
Net-ID

Port

IndexGroup

IndexOffset

Length

Data

Meaning

Net-ID of the master (see the device's ADS tab)
0x1000 + station address of the other FDL device
0x01000000

0

Length of the data that is to be written

In request: data that is to be written

Other FDL device sends:

SDA request with DSAP = station address + 1 of the other FDL device and SSAP = station address + 1 of the
FC310X. Data corresponds to the data length set at the other FDL device. The FC310x temporarily stores the
received data which can be read by ADS read:

ADS-Read parameters
Net-ID

Port

IndexGroup

IndexOffset

Length

Data

ADS-Read parameters
Net-ID

Port

IndexGroup

IndexOffset

Length

Data

Meaning

Net-ID of the master (see the device's ADS tab)
0x1000 + station address of the other FDL device
0x01000000

0

Length of the received data

In response: received data. There is a receive counter at the end of the re-
ceived data that is incremented with every reception.

Meaning

Net-ID of the master (see the device's ADS tab)
0x1000 + station address of the other FDL device
0x04000000

Station address of the other FDL device * 2

2

In response: receive counter, incremented with each reception
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ADS Error Codes of the FC310x

Error code Meaning

0x1129 IndexOffset too large during reading of the FC310x diagnostic data
0x112B IndexOffset too large during reading of the slave diagnostic data
0x112D Invalid station address during reading of the slave diagnostic data
0x2023 Invalid IndexOffset during resetting of the FC310x diagnostic data
0x2024 Invalid data during resetting of the FC310x diagnostic data

0x2025 Invalid data length during resetting of the FC310x diagnostic data
0x2101 DPV1-C1-Read: cyclic connection to slave not yet established
0x2102 PKW-Read: only data lengths 2 and 4 are permitted

0x2103 PKW-Read: slave not in data exchange

0x2105 PKW-Read: slave does not support PKW

0x2106 PKW-Read: wrong IndexOffset

0x2107 PKW-Read: wrong IndexGroup

0x2109 DPV1-C1-Read: FDL fault (no response etc.)

0x210A DPV1-C1-Read: syntax error (DPV1 syntax not correct)

0x210B DPV1-C1-Read: DPV1 fault (4 bytes error code in the diagnostic data of the slave)
0x210C PKW-Read: syntax error

0x210D PKW-Read: PKW error

0x210E PKW-Read: incorrect data type

0x210F DPV1-C1-Write: cyclic connection to slave not yet established
0x2110 PKW-Write: only data lengths 2 and 4 are permitted

0x2111 PKW-Write: wrong IndexOffset

0x2112 PKW-Write: slave does not support PKW

0x2113 PKW-Write: wrong IndexGroup

0x2114 Read general: wrong IndexGroup

0x2115 DPV1-C1-Write: FDL fault (no response etc.)

0x2116 DPV1-C1-Write: syntax error (DPV1 syntax not correct)

0x2117 DPV1-C1-Write: DPV1 fault (4 bytes error code in the diagnostic data of the slave)
0x211C Read general: wrong IndexGroup

0x211D SetSlaveAdress: wrong IndexOffset

0x211E FDL-AGAG-Write: wrong IndexOffset

0x211F FDL-AGAG-Read: wrong IndexOffset

0x2120 FDL-AGAG-Write: wrong length

0x2121 SetSlaveAddress: wrong length

0x2122 FDL-AGAG-Read: wrong length

0x2131 Write general: wrong IndexGroup

0x2132 Write general: wrong IndexGroup

0x2137 PKW-Read: WORD received, but read data length does not equal 2
0x2138 PKW-Read: DWORD received, but read data length does not equal 4
0x2139 PKW-Read: unknown AK received (1,2 or 7 expected)

0x213A PKW-Read-Array: WORD received, but read data length does not equal 2
0x213B PKW-Read-Array: DWORD received, but read data length does not equal 4
0x213C PKW-Read-Array: unknown AK received (4.5 or 7 expected)

0x213D PKW-Write-Array: unknown AK received (2 or 7 expected)
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0x213E PKW-Write: unknown AK received (1 or 7 expected)

0x213F PKW-Write: unknown AK received (2 or 7 expected)

0x2140 PKW-Write-Array: unknown AK received (1 or 7 expected)

0x2142 SetSlaveAddress: wrong parameter during setting of address in slave mode
0x2144 Incorrect IndexGroup in ReadWrite

0x2147 DPV1-C2-Initiate: MSAC_C2 is not activated

0x2148 Incorrect IndexGroup in Read

0x2149 Incorrect IndexGroup in Write

0x214E DPV1-C2-Read: MSAC_C2 is not activated

0x214F DPV1-C2-Write: MSAC_C2 is not activated

0x2150 DPV1-C2-DataTransport: MSAC_C2 is not activated

0x2151 DPV1-C2-Read: FDL fault (no response etc.)

0x2152 DPV1-C2-Read: connection aborted

0x2153 DPV1-C2-Read: DPV1 fault (4 bytes error code in the diagnostic data of the slave)
0x2154 PKW-ReadNoOfElements: length must equal 1

0x2155 PKW-ReadNoOfElements: PKW is not activated

0x2156 PKW-ReadNoOfElements: axis number is too great

0x2157 PKW-ReadNoOfElements: slave not in data exchange

0x2158 PKW-ReadNoOfElements: unknown AK received (6 or 7 expected)

0x215A DPV1-C2-Write: FDL fault (no response etc.)

0x215B DPV1-C2-Write: connection aborted

0x215C DPV1-C2-Write: DPV1 fault (4 bytes error code in the diagnostic data of the slave)
0x215D DPV1-C2-DataTransport: FDL fault (no response etc.)

0x215E DPV1-C2-DataTransport: connection aborted

0x215F DPV1-C2-DataTransport: DPV1 fault (4 bytes error code in the diagnostic data of the slave)
0x2163 DPV1-C2-DataTransport: wrong IndexOffset

0x2600- AK 7 (error) during PKW processing, error code in low byte

0x26FF

0x2700- Fault during DPV1 processing, 4 bytes error code in the slave diagnostic data, byte 3 of the
0x27FF error code (error class) is in Low byte
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Master redundancy

It is possible to start the DP master in redundancy mode in order to assemble a redundant controller system. In
this case, the DP master only listens to the bus, but is not active on it.

To assemble a redundant controller system, two masters are on the PROFIBUS. The primary master, which
performs communication under normal circumstances, and the redundancy master, which only listens to the
bus without transmitting, both have identical configurations. The only difference in the PROFIBUS configuration
between the primary and redundancy masters should be the setting of the Redundancy Mode and of SetPrm-
Unlock before DP Start-Up or SetPrm-Unlock at Shutdown (these are both located on the device's Profibus
tab), and possibly of the Watchdog on the device's FC310x tab.

Primary-Master: the Redundancy Mode is not active. The settings of SetPrm-Unlock before DP Start-Up
and of SetPrm-Unlock at Shutdown should be deactivated, if there is to be no interaction on the DP slaves
when the primary master starts or stops (outputs remain unchanged). It is also necessary for the Watchdog to
be set on the device's FC310x tab, so that if the PC crashes, the primary master will log itself off the bus.

Redundancy Master: the Redundancy Mode is active. The settings of SetPrm-Unlock before DP Start-Up
and of SetPrm-Unlock at Shutdown should be deactivated, if there is to be no interaction on the DP slaves
when the primary master starts or stops (outputs remain unchanged).

There are also three counters and a StartRedundancyMasterFlag as interfaces to the PC:

. FC310x-Redundancy - TwinCAT System Manager g ; B ] |
File Edit Actions ‘iew Options Help

D@l ZE $BRE50 M avdH

-5 Real-Time - Configuration
- JE NC - Configuration
! PLC - Caonfiguration

wx| B gweE en e

- BT

Variable | Flags | Oriine |

E|- I/ - Configuration MName: Il:ounter
=B /O Devices Type: [VARTYPE_FC:4<4<_DEBLIG (41)
=B Device 2 (FC310x)

--=%a Device 2-Image Group: |In|:|uts Size: |1 E.0

- &1 Input:

=@l Inputs Address: ID [0 User ID: IU
Linked to... | |
Comment: Counter[Z] ReceivedT elegram-Counter [in Fedundancy Mode) ;l

FCuw increments this counter ance every time when a correct
FPROFIBUS telegram is received [only in Redundancy Mode)

Counter[3]: ReceivedT elegramPFramPrimarybd aster-Counter (in Redundan:
FCuw increments this counter ance every time when a correct
PROFIBUS telearam fram the Primary Master [which has the same

- &l Counter[7] station address az the Redundancy Master is received [only in Bedund:

----- %1 DiagFlag . . .
Counter[4]: ClaimT okenTimeout-Counter [in Bedundancy Mode)
-] GlobalState ? i A !
FCuwm increments this counter once every time when a Timeout on the
""" & LastAdsError PROFIBUS oceurs [only in Redundancy Mode) LI
----- T CvcleFailedCounter
El‘l Cukputs ADS Infa: |F'c-rt: 300, 1Grp: 09002, |0ffs: 040, Len: 16

o &/ startRedundantMasterFlag
- HH8 Box 2 (FC310x-SLAYE)
@4 Mappings

Feady [Local (10.3.2.99.1.13 | Stopped 2

Counter[2] (ReceivedTelegram-Counter): This counter is incremented every time a valid PROFIBUS tele-
gram is received.

Counter[3] (ReceivedTelegramFromPrimary-Counter): This counter is incremented every time a valid
PROFIBUS telegram is received from the primary master (which has the same station address as the redun-
dancy master).

Counter[4] (ClaimTokenTimeout-Counter): This counter is incremented every time the redundancy master
detects a time-out on the bus after it has taken over bus activity under normal circumstances, i.e. with Redun-
dancy mode deactivated. (ClaimTokenTimeout time = (6 + 2 * station address of the DP master) * slot time).

StartRedundancyMasterFlag: This can be used to start or stop the redundancy master.

The application, which may be the PLC task or another program, is therefore itself responsible for diagnosing
the failure of the primary master. This might, for instance, seen from the fact that the ReceivedTelegram
Counter and the ReceivedTelegramFromPrimaryMaster Counter are no longer being incremented, the
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ClaimTokenTimeout Counter is incremented, or because the application-specific monitoring in the two PCs
triggers. The redundancy master only becomes active on the bus when the StartRedundancyMaster flag is
set. Starting takes approximately 10 x the minimum slave interrupt (see the device's Profibus tab). When the
StartRedundancyMaster flag is reset again, the redundancy master ends its bus activity the next time a token
is sent. This will be at the end of the DP cycle, and at the latest after the Estimated Cycle Time (see the de-
vice's FC310x tab). The connection to the slave is not removed (independently of the SetPrm-Unlock at Shut-
down setting).

When setting the DP slave's DP watchdog (see the box's Profibus tab) it is important to ensure that the DP
watchdog time is longer than the application's monitoring time for the primary master plus the start-up time of
the redundancy master, so that the redundancy master can take over the DP slave without interactions.

The redundancy master, furthermore, does not update any process data as long as it is only listening to the
bus. The DpState of the boxes should be evaluated when it starts; if this is 0, the process data is also up-to-
date.
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Tab Device
The FC310x Tab

PCI Buz#Slat; |Ela’9-.-’-'-. [OE D000000] Search... |
Station Mo |1 Hardware Configuration. .. |
Eaudrate; |12M Uplaad Corfiguration |
Dperation Mode: IDP Firtnare:

HE-Aceess-Time [ps]; |4EIEI I'I &0

HE-Ace /Cuele-T. (=] |2EI Firrnware Update. ..

FLL Sync Time [pe); IEI

|
Calzulate Equi-Times |
|

el el ] L L] ] L ] ]

Safety Time [pe); IEEI Calculate P-4 atchdog
Cucle Time (bs) | 2000
\watchdog Ti _ ID Sync Mode

atchdog Time [mz]: & Dissbled
DF-Cyclesd/Task Cycle: |'| " Spnc-Slave
E ztimated Cycle [ps): I??2 € Spnoaster

PCI Slot/Irq: Indicates in which logical PCI slot the card was found.

Search...: Searches for all connected FC310x channels. Select those required. In the case of an FC3102 both
channels A and B appear. These behave in logical terms like two FC3101 cards.

Hardware Configuration...: The hardware version number of the FC310x can be displayed here.

Upload Configuration ...: The PROFIBUS is scanned with this command, and all the devices found are added
to the FC310x device. (A box may not be added in TwinCAT 2.8; as from TwinCAT 2.9 scanning can also take
place even when boxes are inserted. The FC310x then accepts the new configuration, but does show chan-
ges). In the case of Beckhoff boxes, the configuration is read precisely. In the case of external devices, the
corresponding GSD file will be searched.

Verify Configuration...: This causes the PROFIBUS to be scanned and compared with the currently inserted
boxes. Changes are displayed (from TwinCAT 2.9).

Firmware: This causes the current firmware version of the FC310x to be showed.

Firmware Update...: This command can be used to update the FC310x card firmware.
Stations No.: Each Profibus device requires a unique station number - including the master.
Baudrate: Set the Profibus baud rate.

Operating Mode: In all three operating modes, the highest-priority task linked to the appropriate device will
take control of the PROFIBUS cycle and is therefore synchronised with the DP cycle (see the Synchronisation
section). If this task is stopped or reaches a breakpoint, the FC310x switches to CLEAR mode (slave outputs
will assume 0 or safe values) (see the Error Reactions section). All other tasks are served asynchronously via
corresponding buffers. If one of these tasks is stopped or reaches a breakpoint, the System Manager will gen-
erally display a message saying that the watchdog of the appropriate asynchronous mapping has been acti-
vated, and the appropriate outputs are set to 0. For all operating modes, one polling rate per slave can be set
(in the Features tab for the Box). The sequence of the slaves in the PROFIBUS cycle corresponds to the se-
quence in which they are located in the FC310x device tree. The operating mode "DP” is designed for standard
DP operation, the operating modes "DP/MC (equidistant)” and "Equidistant (no GC)” are described in section
PROFIBUS MC, as well as the parameters NC Access Time, Relation NC Access Time/Cycle Time, PLL
Sync Time and Safety Time, the Sync Mode settings and the Calculate Equi-Times button, which are only
relevant for PROFIBUS MC.

Cycle Time: Displays the cycle time of the corresponding highest priority task.
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Estimated Cycle: Displays the expected PROFIBUS cycle time.

Watchdog Time: Here a watchdog can be activated, which, in case of a PC crash, will cause the FC310x to
enter the STOP state and terminate the data exchange with all configured slaves (see Error Reactions). The
time is important in Redundancy Mode of the primary master.

Calculate DP-Slave Watchdog Time: This will set the DP watchdog time for all the DP slaves to a reasonable
value, in accordance with the formula Estimated cycle time * 10.
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The Profibus Tab

General | FC 310¢ {FTGEUEY ADS | Bow States | DPRAM (Oniine) |

Slat-Time [thit]: W Cuiet-Timne [thit]: |9—
min. Tdr [thit] [ Setup-Time [thit] e
max. Tadr [thit] 200 TargetRot-T bt [3e278
Gap-Factor: |1|:||:|— HS5A4:; |12E;—
b ax Fietry-Limit: |4— bin-Slave-nt. [mz]: |-||:|—

b ax Fietro-Limnit (L] |4
Claim-Token-Delay [mz); IIJ

Drata-Ctil.-Time [mz]:

I*m—
—

Operate-Delay [mz]:

vV SetPim-Unlock before DP-Start-Up —Reaction on PLC-5TOP
[T GAP-Update [Multitaster] + Clear
i Operate

[T Extended GSD-Files
FROEIBLS-tade

— &uto-Clear-tode

= hdaster f* Dizabled
" Slave " Only MC-Slaves
£ Ruli-Slave Al Slaves

Slot-Time: The Slot Time indicates how long the DP master will wait for a response from the DP slave before it
sends either a repetition or the next telegram.

min. Tsdr: The minimum Tsdr indicates the minimum length of time for which the DP slave will wait with a re-
sponse. This time is set for all the DP slaves during the DP start-up (the value range is 11-255 bit periods). The
minimum Tsdr must be smaller than the maximum Tsdr.

max. Tsdr: The maximum Tsdr indicates the maximum length of time for which the DP slave may wait with a
response. This time is set according to the DP slave's GSD file entries. The maximum Tsdr must be smaller
than the slot time.

Max-Retry-Limit: The Max Retry Limit specifies how often a telegram should be repeated, if the device ad-
dressed does not answer. The minimum value should be 1, so that, in case of an error, there will be at least
one repeat for acyclic telegrams (see the Error Reactions section).

Max-Retry-Limit (DX): Since the Data_Exchange telegram is repeated cyclically, a value of 0 could be used for
the repetition of the Data_Exchange telegram here, in order to keep the cycle relatively constant in equidistant
mode, even if there is no response from a device. However, in this case it would make sense to set the
Features tab for the box such that lack of response of the slave would not lead to DATA EXCH being exited.
The fact that a device has not responded is apparent from DpState, which would not be equal 0 for one cycle
(see the Error Reactions section).

GAP Update: The GAP update asks all stations up to HSA at intervals to confirm their presence. It can be
en/disabled. The GAP update is relevant only for multi-master operation. In single master operation it increases
PROFIBUS cycle jitter and is therefore switched off by default.

GAP-Factor: The GAP factor determines how often the GAP update will be carried out (assuming it is acti-
vated). The time between two GAP updates cycles is Gap factor * Target rot. t.

HSA: The HSA specifies the highest active address up to which the GAP update is carried out (assuming it is
active).

Min. Slave-Int.: The MinSlavelnterval indicates the minimum cycle time with which the DP StartUp telegrams
are sent the DP slaves (it is determined from the settings found in the GSD file).

PROFIBUS Mode: This is where the selection is made between master functionality (the default setting) and
slave functionality.

Auto-Clear-Mode: It is possible to specify here whether the master enters (or stays in) the "Clear" state as long
as either at least one MC slave (the "Only MC-Slaves" setting) or any slave (the "All Slaves" setting) does not
respond correctly (has a DpState other than 0) (see the Error Reactions section).
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Clear-Delay: The DP master changes automatically into the clear mode (the outputs of the slaves are set either
to 0 or to the fail-safe value) when it ceases to receive an interrupt from the associated task (e.g. a PLC break-
point has been reached, or the system has crashed). It is possible to specify here how many missing tasks
cycles can be tolerated before the master switches into the clear mode. This setting is independent of the set-
ting in the Auto-Clear-Mode.

Operate-Delay: The DP master changes automatically, observing the Auto-Clear-Mode, into the operate state
when the task is started. The transition from Clear to Operate can be delayed or with the Operate delay time. In
the Clear state, all the outputs are set to 0 (if the DP slave does not support Fail_Safe values) or to the
Fail_Safe value (if the DP slave supports Fail_Safe), whereas in the Operate state the outputs have the values
specified by the task.

Reaction on PLC-STOP: It is possible to specify here whether the DP master should set the outputs to 0 when
reaching a PLC stop or breakpoint, or should leave them unchanged (see the Fault Reactions section).

Redundancy-Mode: Redundancy mode can be set here for the DP master. In that case all that it does is to
listen to the bus (see the Master Redundancy section).

SetPrm-Unlock before DP-Start-Up: Normally, during DP start-up, the DP master removes the cyclic connec-
tions, so that the DP slave can always recognise that the DP master has restarted. In redundancy mode, how-
ever, it may be specifically desirable for the DP slave to remain unaware of this, because the switch-over from
the primary master to the redundant master should not have any interactions for the DP slave (see the Master
Redundancy section).

SetPrm-Unlock at DP-Shutdown: Normally, during DP shut-down, the DP master removes the cyclic connec-
tions, so that the DP slave can always recognise that the DP master has stopped. In redundancy mode, how-
ever, it may be specifically desirable for the DP slave to remain unaware of this, because the switch-over from
the primary master to the redundant master should not have any interactions for the DP slave (see the Master
Redundancy section).
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The ADS Tab

The FC310x is an ADS device with its own net ID, which can be changed here. All ADS services (diagnosis,
acyclical communication) going to the FC310x must address this net ID.

¥ UsePaort
Part Mo |2BE?3 [O= 7007 Change. .. |
Metld  [10.3.2.99.21

Remate Mame: IDevin:e 1 IFC310x]

Add. Metlds: Add

Delete |
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The General Diag Tab
General | FC 3104 | Profibus | AD5  General Diag | Box States | Equi-Diag | DFRaM 4] * ]

— Bus Phuszic Statiztics — DP-Cocle Statistics

detected bug-erors: |EI max. Cocle-Time [ps]: |E!??
detected bus-enorz/sec: |EI min. Cycle-Time [pz]: |EE‘-F"
CycleiwfithF epeat-Caounter: |EI actual Cycle-Time sl |EEEB

tax. Repeat/Cycle |E|
CycleifithM aDrmch-Counter: ||:|
Real Falled-Cycle-Counter: |I:|

Meszages: ;I

Here, bus cabling problems and DP cycle times are displayed:

detected bus errors: Here, the number of detected bus errors is displayed. If this counter is not equal 0, the
cabling should be checked (provided that no PROFIBUS connectors were pulled or inserted - usually there are
short bus disturbances during pulling or inserting of PROFIBUS connectors).

CycleWithRepeatCounter: Here, the number of PROFIBUS cycles is displayed, in which a telegram was re-
peated at lease once. Repetitions are also an indication that the physical bus characteristics are not 100% OK.

max. Repeat/Cycle: Here, the maximum number of repetitions within a cycle is displayed.

min./max./actual Cycle-Time: Here, the minimum, maximum and current DP cycle time is displayed. Only
those cycles are considered, during which all slaves participated in the data exchange and no repetitions oc-
curred.

CycleWithNoDxch-Counter: Increments if not all slaves participate in the data exchange (i.e. have a DpState
not equal 0).

Real Failed-Cycle-Counter: Increments if the DP cycle was not completed before the next task cycle began
and all the slaves are involved in the data exchange (i.e. have a DpState of 0).
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The Box States Tab

Station-... | BoxState | FepeatCounter | HodnswerCounter |
L }I 2 Mo ermar 1] 0
o 22 Mo error 1] 1]
ﬂj g Mo error 1] 1]
ﬂj 9 Mo error 1] 1]
ﬂj 3 Mo error 1] 1]
ﬂj 4 Ma erar 1] 0
ﬂj 5 Mo ermar 1] 0
ﬂj G Mo ermar 1] 0
ﬂj 10 Mo ermar 1] 0
ﬂj 11 Mo ermar 1] 0
p'EF: 14 Mo error 1] 1]
Refresh Fezet Counter

Here, an overview of all current box states, the Repeat counter (increments for each telegram repeat to the
slave) and the NoAnswer counter (increments every time the slave fails to answer) is displayed.
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The EquiDiag Tab

The "EquiDiag” tab is available for displaying various equidistant monitoring parameters online:

| oPRamM 4+

Eenerall FC 3 I:I:-:I F'n:ufil:uusl A0S I General Diag | Box States

— Tclo-Statistics — FC310% Failed-Counter
rar. TwinCaT -Jitter [pel: ik SynicF ailed-Counter: |EI—
max. Mapping-Time [ps]: 085 TimeControlF ailed-Counter: ID—
TimeContralkdizzed-Counter; IEI—

PLL-0werflow-Counter: |EI
PLL-U nderflaw-Caunter: ||:|

— To-Statistics

calc. To-Reserve [ps): |.'-"2?
mar. To-Reserve [ps): |?81

min. To-Reserve [ps]: |F"?E
max. GC-itter [nz): |E|EEI

Meszages: :l

ik

min. Mapping-Time [pz];
mar. FC31 Ow-Jitker [Ticks]:

o0
-
]

— FC310x-Statiztics
mar. Repeats/E qui-Cycle:

(il

mar. Equi-Cycle [pa]:
it Equi-Cycle [pz]:

[R5 ]
—
(du)

E quiCycleR epeat-Counter:

11

E quiCycleM oD sch-Counter:

Rezet | j

Tclo-Statistics

max. TwinCAT-Jitter: Here, the maximum TwinCAT jitter is displayed; the measurement is reset as soon as
the tab is no longer active.

min./max. Mapping Time or NC Access Time: Here, the minimum or maximum NC Access Time is displayed.
Apart from the Mapping Time, this also contains the task run-time (provided that ”1O at Task Start” for the high-
est-priority task linked to the FC310x (usually the NC task) is set).

The NC Access Time should be greater than the sum of the two measured times (max. TwinCAT Jitter plus
max. Mapping Time or (NC) Task Time), with a safety margin of approx. 10%.

max. FCxxxx Jitter: This is only relevant for Sync Mode = "disabled”. If the value is greater than 5, real time
jitter will become excessive, and a more powerful PC should be used. If the associated (NC) task does not have
the highest priority, the maximum FCxxxx jitter can also be larger. This should be avoided.

FC310x-Statistics

Since the PROFIBUS MC slaves should always be added to the FC310x device first, they are always ad-
dressed before the DP slaves in the DP cycle. This part of the DP cycle will be called Equi-Cycle below. If the
Equi-Cycle becomes greater than the To-time of the MC slaves, the last MC slaves at the FC310x device will
usually get a synchronisation error (error 597 or 598 for Simodrive 611U).

max. Repeats/Equi-Cycle: This will show the maximum number of repeated Data_Exchange telegrams during
an Equi-Cycle. This will extend the Equi-Cycle, usually no repetitions should occur (unless a bus plug was pul-
led or an MC slave was switched off).

min./max. Equi-Cycle: Here, the minimum or maximum Equi-Cycle Time is displayed.
Equi-Cycle-Repeat-Counter: Here, the number of telegram repetitions within the Equi-Cycle is displayed.

Equi-Cycle-NoDxch-Counter: Here, the number of occurrences is displayed, for which not all MC slaves were
in data exchange during an Equi-Cycle.

FC310x-Failed Counter

Sync-Failed-Counter: This counter will increment if TWinCAT task and DP cycle are not synchronised with
each other. This may happen during start-up of the TwinCAT system, after which this counter should no longer
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increment. If the associated (NC) task does not have the highest priority, this counter can also increment. This
should be avoided.

Time-Control-Failed-Counter: This counter will increment if the PROFIBUS was not free at the time of the DP
cycle start. Possible causes are bus faults, non-existent device, a second master or a safety time that is too
small.

PLL-Overflow-/-Underflow-Counter: This counter is only relevant during Sync mode "disabled” and will in-
crement in case of excessive jitter of the TwinCAT task which the DP cycle uses for synchronisation (this may
happen, for example, if the DP cycle is not synchronised with the highest-priority task). If the associated (NC)
task does not have the highest priority, this counter can also increment. This should be avoided.

To-Statistics

For each MC slave the To-time specifies when, relative to the DP cycle start, the slave should accept the out-
puts received from the master. The MC slaves can be synchronised with each other, if the same To value is set
for all MC slaves. However, this value must be equal or greater than the Equi-Cycle Time plus a safety margin
of approx. 200 ps. The To-time is calculated for all MC slaves via the button "Calc. Equi-Times" (see above).

calc. To-Reserve: This contains the calculated To-reserve (To-time - Equi-Cycle Time)

min./max. To-Reserve: Here, the min. or max. To-reserve is measured.

Max. GC jitter (from TwinCAT 2.8)

Here, the maximum jitter of the DP cycle is measured (GC for global control telegram, which is always sent at
the start of a cycle). During start-up, the jitter may be somewhat greater, in the steady state it should not ex-
ceed 1 s (for Sync mode "Sync Master") or 2 ps (for Sync mode "Disabled").
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Tab Box

The Profibus Tab
| Features | BK3u0/%8310| 4DS | Diag |

Station Ma.: |4 3: SiEt. Ident Mo IEI:-:BEEE

CigData A3A3 21 2
< ]
Own PrDats:  [000008000000004000630120000000000000 [37
.| | i

—watchdog————— DP-Clazz 1

¥ Enable [ Sunc/Freeze enable

Timne: 200 ms
= DY -Class 2——————— — DF-LClass 2

% [Djzabled
™[ Enatie = Bead-Only
Ti f: |1 oon i i
IMrE oL LIS " Ho Cyclic Connection Feset Slave

Stations No.: Here, the PROFIBUS station address must be set for each slave. For some slaves, the station
address cannot be set in the hardware, but only via the SetSlaveAddress service. In this case, the button "Set..”
should be pressed. This will open a dialog, through which transmission of a SetSlaveAddress telegram can be
triggered.

Watchdog: Activates the DP watchdog. If the slave does not receive a DP telegram for the duration of the
watchdog time with the watchdog switched on, it will automatically exit the data exchange. The minimum
watchdog time to be set depends on the DP cycle time, and should be larger than the value calculated by the
following formula: Estimated-Cycle-Time * 10

For particularly critical outputs it is possible to set a DP watchdog time down to as little as 2 ms for DP slaves
that support a watchdog base time of 1 ms (namely all Beckhoff slaves with the exception of the BK3000 and
BK3100, and any devices from other manufacturers whose GSD file contains the entry "WD_Base_1ms_supp =
1"). The DP watchdog time should, however, be at least twice as long as the greater of the Cycle time and the
Estimated cycle time (see the master's FC310x tab).

Ident No.: Here, the Ident number from the GSD file is displayed.

PrmData: Allows editing of the Profibus-specific parameter data. The values of the current parameter data are
also displayed. The PrmData can usually be set as text (-> PrmData (text)) or for Beckhoff DP slaves partly via
the "Beckhoff” tab.

CfgData: The current configuration data (resulting from the attached modules or terminals) as well as their
length is displayed.

Sync/Freeze: In operating mode DP/MC (equidistant) of the master, slaves can be operated with Sync and
Freeze.

DPV1 Class 2: With FC310x, a DPV1 class 2 connection to a DPV1 slave can be activated. This is a good
idea, for example, if the DP slave is in data exchange with another master, but should nevertheless be ad-
dressed acyclically by TwinCAT. The class 2 connection monitoring time is set via the timeout parameter (see
section DPV1).

DP Class 2: "No Cyclic Connection” or "ReadOnly” should be selected under DP class 2, if the DP slave is in
data exchange with another master, but should nevertheless be addressed acyclically by TwinCAT, or the DP
inputs and outputs should be read cyclically. If "ReadOnly" is selected, then the modules are to be selected as
in the case of the normal cyclic connection. They all, however, appear in the TwinCAT system with input vari-
ables, regardless of whether they are in fact input or output modules (ReadOnly only as from firmware version

VvV &V & 4ATWINCAT



BECKHOFF

Eiserstrae 5/ D-33415 Verl / Telefon 05246/963-0 / Telefax 05246/963-149

51

3.00).

ResetSlave: With this button, provided TwinCAT has been started, cyclic data exchange with the DP slave can
be disabled and re-established immediately (corresponds to a 10 reset but only for the one slave).
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Features Tab
| Beckheft | FrmData (Test) | 4D | Disg |

— Data_Exchange PollRate——— — Modnzwer-Heaction
Divider 1 = &+ Leave Data-Exch

- " Stapin Data-Exch [for 'WD-Time]
b aduilo: 0 -

- — if Dp5State changes from O to other walue ——
—Additional [ata_Exchange Samplesq

o I?. — Restart Behaviowr of the Slave————
tultiplier: L z ¥ Automatic Festart
bl Ll 1] = " Manual Bestar
— acpclic Services [DFYT, PEW, efc. ] — Reaction af the kaster

¥ Pao Feaction
" Stop &ll Slaves

Parallel services: |5

— Changes of the Input Data

£ |nputs will be et ko 0
" NoChanges

Data_Exchange Poll-Rate: A different polling rate (Divider) can be set for each slave. Divider 1 means that the
slave is polled during each cycle, Divider 2 means every 2nd cycle, etc. The modulo will distribute slaves with
dividers greater than 1 across different cycles in order to minimise the maximum cycle time (divider 2 and mo-
dulo 0 means that the slave is polled every even-numbered cycle, divider 2 and modulo 1 means that the slave
is polled every oddly-numbered cycle). (see the section on Slave Prioritisation/Multiple DP Cycles).

Additional Data_Exchange Samples: It is possible to run a number of DP cycles within one task cycle. It is
then optionally possible for each slave to be supplied with different output data in each DP cycle, and for the
input data from each of those DP cycles to be transferred to the controller. In this case, there is an individual set
of variables for each DP cycle (see the section on Slave Prioritisation/Multiple DP Cycles).

NoAnswer-Reaction: You can specify, for each slave, whether it should remain in the Data Exch, despite re-
sponding incorrectly or not at all. In this case (Stay in Data-Exch), data exchange is only exited if the slave has
never responded correctly within the address monitoring time (provided the watchdog (see the box's Profibus
tab) is activated, otherwise data exchange is only terminated once the slave has not responded correctly
65,535 times) (see the Error Reactions section).

Restart-Behaviour: It is possible to specify for each slave whether, after leaving Data-Exch, it should auto-
matically start up again, or should remain in the Wait-Prm state (see the Error Reactions section).

Reaction of the Master: You can specify for each slave, whether its exit from Data-Exch should cause the
PROFIBUS cycle to stop (all slaves abandon data exchange and go into Wait Prm mode, restart after IO reset
or TwinCAT system restart) (see the Error Reactions section).

Changes of the Input Data: For each slave it can be specified whether, on exiting of Data Exch (DpState not
equal 0), its input data should be set to 0 or remain unchanged (see the Error Reactions section).

acyclic Services: The number of parallel ADS services to one box can be set here.
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The Beckhoff Tab
Eenerall F'rl:ufil:uusl Features ?EECth | FrmD ata [Te:-:t]l A0S I Diiag I

[T 2 EByte PLC Interface [~ Check Teminals during Start-Up
[~ Synchron K-Bus Update
— K-Buz Error FROFIBIIS Ermar

[ Auto K-Bus Feset {* Stop K-Bus Cycle

% Stop DP Data Exchange ™ Set Output to NULL

" SetInput to NULL " Leave Output unchanged

™ Leave lnput unchanged

K-Bus Update: 310 T3

™ Meazure Coupler-Cycle

Mir. Coupler-Cucle: IEI T
I aw. Coupler-Cycle; IU [z
Aotual Coupler-Cozle: ID T

Firrware Update [wia CORM=] ... |

FirmwareUpdate: This button enables updating of the firmware of a Beckhoff DP slave over a KS2000 cable
via the serial port.

2 byte PLC interface: Switches on the 2 bytes PLC interface of the Beckhoff DP slave.

Synchron K-Bus-Update: For Bus Couplers, the expected internal cycle time (K-Bus cycle + DP buffer trans-
fer) is specified here.

Check Terminals during Start-Up: If this checkbox is activated, table 9 is transferred to the coupler by means
of DPV1 write, and the coupler only enters data exchange (DpState = 0) if the entries agree. This makes it pos-
sible to check the terminals more precisely when starting up than is done with PROFIBUS CfgData.

K-Bus Error: It is possible to specify the reaction to a K-Bus error here (automatic or manual K-Bus reset, reac-
tion in the input data in the coupler)

PROFIBUS Error: It is possible to specify the reaction to a PROFIBUS error here (reaction in the output data in
the coupler)

Measure Coupler-Cycle: It is possible here to measure the cycle time for the coupler (DP + K-Bus); the K-Bus
update time is sometimes rather imprecise for synchronised processes.
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The ProcessData Tab

[T PEW interface Standard Telearam [F 0922];
Standard Telegram 7 -
Chanmel I.-’-\-. "I Standard Telegram 8 _I

Siemenz Telegram 103 [MomBed)
Siemens Telegram 104
[T Siemens Signal Mumbers [Legacy) Siemens Telegram 105 [DSC, MomRed)

¥ A&l Standard T elegrams Siemens Telegram 106

Beckhoff Telegram 1003

Maominal % alues [P 0915]; Actual Values [P 0916];
1 A_STwW1 2 A_F5wW
7 A_MNSOLL_B 4 A_FShW2
7 A_MNSOLL_BE 11 A_GE1_XIST
3 A_STwW2 11 A_G1_XIST

27 & _S0LL A
27 & _x5S0LL_A
200 &_FDBIAS

Add. [Fzert... [elete Sdd.. [zert... | [elete |

Under Siemens AG or Profidrive MC, the boxes Profidrive MC and Profidrive MC (twice) may be selected. By
default, the box will have the settings for a Simodrive 611U with standard telegram 3. For other PROFIBUS MC
slaves, the identification number must be appropriately changed on the slave's Profibus tab. The required tele-
gram type can be set on the ProcessData tab and must usually correspond with parameter 922 of the
PROFIBUS MC slaves, which can be set via a manufacturer-specific configuration tool (SimoCon U forSi-
modrive 611U).

This tab also has a check-box "PKW interface", which will activate the PKW interface. This enables online dis-
play of the box parameters on the Online tab (hitherto this only worked with the Simodrive 611U, since a pa-
rameter file generated by the SimoCon U is required). In any case it is possible to read and write the parame-
ters via the PKW interface per ADS (see the PKW Protocol section).
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The PrmData (text) tab

|20 | Disg |

gl d = Rt R Bl B ) S 3 RS N S

DY -Dienzte (Klazze 1]
Diagniozefarmat
Hochlauf-tode
2-Bute-5PS-Interface
Ewvent-K.anal

Yerhalten bei Klemmenbusfehler

Klemmenbuzdiagnoze

Diagnosedaten digitaler Klemmen

BE200-Mode
Fonfigurationzart

D atenformat Auto-Fonfiguration
Prozeszzabhbildaktualizierning
Reaktion auf PROFIBLUS-Fehler

werden nicht unterstuetzt
altez Format
Prozeszsdatenaustausch
wird richt benutzt
DP-Diaghoze

manueller Beset

wird richt durchoefuehirt
it Prozeszabhbild

izt micht aktiv
Auto-Fonfiguration
IMTEL

avkluzsynchron

KB uz-Outouts werden 0

i

Click on a line to change the current value. The description of the respective settings can be found in the do-

cumentation of the relevant manufacturer.
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The Diag Tab

B owState: Station ready
Receive-Emor-Counter: 0
Fepeat-Counter [1 Repeat]: 0
R epeat-Caunter [2 Repeat]: O
R epeat-Counter [3 Repeat): O
Fepeat-Counter [4 Repeat]: 0
M ot zer-Counter: 1
Slave-Handler-State: 0x08

Refrezh

The following information can be displayed here:

BoxState: The current DpState is displayed here.

Receive-Error-Counter: Number of disturbed telegrams from the slave.

Repeat-Counter: Number of required repetitions due to missing or disturbed response from the slave.
NoAnswer-Counter: Number of telegrams that remained unanswered by the slave.

Last DPV1 error: Error-Decode, Error-Class, Error-Code and Error-Code 2 (see description of the DPV1 Error
Codes)

For Beckhoff DP slaves, further diagnostic information will be displayed.
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4. FC310x as Slave

Slave
As a slave, the PROFIBUS DP and PROFIBUS DPV1 protocols are supported.

PROFIBUS DP

In order to configure the slave for cyclic DP operation, proceed as follows in the TwinCAT system manager:

Configure DP slave

It is first necessary to configure a "Profibus Slave FC310x, PCI" I/O device (selecting "I/O devices" with the right
hand mouse button, and then selecting "Insert device"). This will cause the device and a box to be added. The
GSD file "TCDPSLAV.GSD" must be present in the "TwinCAT\lo\Profibus" directory for this purpose:

E Feal-Time - Configuration

----- BB riC - Configuration

.- PLC - Configuration
El! 1/ - Configuration

Elﬁ I/ Devices

- =-E8 Device 1 (FC310%-Slave)
: -I- Dewvice 1-Image
t %‘I‘ Inputs

28 1 BB 1 (FC3105-SLAVE)

i"% Mappings

The appropriate channel can be searched for on the device's "FC310x" tab ("Search" button). The station ad-
dress will need to be adjusted, and so, possibly, may the baud rate, which is set to 12 Mbaud as standard.

| Profibus | #D5 | General Diag | Box States | DPRAM (Oniine) |

PCI Buz#Slat: IEI.-"EI-.-’-'-. [OxE0OOO00O) Search... |
Station Mo.: |1 Hardware Configuratiar... |
Eaudrate: |12h-1 Upload Configuration |
[ peration Mode: IDP Fitmware:

HE-&zzess-Time [pe]: |4EIEI I-I &0

HE-&ze, ACoele-T. [=]: IEEI Firrmware Update...

PLL Syne Time [ps): ID

I
Calzulate Equi-Times |
|

1 A T A A

Safety Time [ps]: IEEI Calculate P-4 atchdog
Cycle Tirme [pal: IEUUD
\watchdog Ti _ ID Sy Mode

atchdog Time [mz]: & Disabled
DP-Cocles/Tazk Cycle: |1 = Sunc-Slave
Estimated Cycle [ps): I??2 € Sync W aster

PCI Slot/Irg: Indicates in which logical PCl slot the card was found.

Search...: Searches for all connected FC310x channels. Select those required. In the case of an FC3102 both
channels A and B appear. These behave in logical terms like two FC3101 cards.

Hardware Configuration...: The hardware version number of the FC310x can be displayed here.
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Firmware: This causes the current firmware version of the FC310x to be showed.

Firmware Update...: This command can be used to update the FC310x card firmware.
Stations No.: Each Profibus device requires a unique station number - including the master.
Baudrate: Set the Profibus baud rate.

Cycle Time: Displays the cycle time of the corresponding highest priority task.

Watchdog Time: Here a watchdog can be activated, which, in case of a PC crash, will cause the FC310x to
enter the STOP state and terminate the data exchange with the master.

The remaining parameters are not used when the FC310x is operating as a DP slave.

Add modules

Modules are to be a added to the box corresponding to the data that is to be transferred cyclically. This is done
by clicking with the right mouse button on the box, and then selecting "Add modules":

Insert Module

— Module Types
Tvpe: 1 B%TE Slave-Out/Master-ln
1WORD Slave-Out/M aster-n Cancel |

2WORD Slave-0utdtd aster-ln
IWORD Slave-Outdt aster-ln
$W0RD Slave-0utdtd aster-ln
BWORD Slave-0utdM azter-In
BWWORD Slave-0utitd aster-ln
FWORD Slave-0utdtd aster-ln
3Ww0RD Slave-Outit aster-ln
WORD Slave-0utitd aster-ln
11WORD Slave-Out/t azter-ln
11 WORD Slave-Out/Mazter-ln
12 wWORD Slave-OutM aster-ln ;I

Multiple: I‘I 3:

Comment;

Configuring the Master

The GSD file "TCDPSLAV.GSD" is to be taken out of the "TwinCAT\Io\Profibus" directory to configure the mas-
ter. The modules must be inserted in the master configuration in the same sequence as they are in the con-
figuration of the slave in the System Manager.

Error Reactions
In the default setting, the DP slave's inputs are set to 0 when the DP slave is not involved in data exchange. It is

possible to change this input error reaction to "No changes" under Changes of the Input Data on the "Fea-
tures" tab for the box:
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— Mata_Ewxchange Poll:Fate
[ivider |1 3:

F il 0 =

— Hodnzwer-Heaction
¢ [eave Data-Exch
€ Stayin D ata-Exch (for WE-Time]

fAultiplier: 1 -

.

T ]

—Additional [ata_Exchange Samplesq

— if Dp5State changes from O to other walue ——

— Hestart Behaviour of the Slave
¥ Automatic Flestart

€ [anual Festart

Parallel services: |5

— acpclic Senvices [DEWYT, PRW. efe.]q — Heaction af the Miaster

¥ o Feaction
€ Stop &l Slaves

— Changes of the Input Data

£ |nputs will be et ko 0
" NoChanges

PROFIBUS DPV1

The DP slave supports a DPV1-MSAC_C1 server connection that is established along with the cyclic connec-
tion. This can be used so that larger quantities of acyclic data can be transferred alongside the cyclic data. A
DPV1 read telegram received by the master is reported to the PLC as an ADS read indication, while a DPV1
write telegram is reported to the PLC as an ADS write indication. The PLC program is then responsible for the
read or write response. To do this, the ADS read response or ADS write response functions are to be called.

MSAC-C1 Read

A DPV1-MSAC_C1 read indication is represented in an ADS read indication as follows:

ADS read indication parameter
Source-Net-ID (NETID)
Source-Port (PORT)

Invoke-ID (INVOKEID)
IndexGroup (IDXGRP)
IndexOffset (IDXOFFS)

Length (LENGTH)

Meaning

Net-ID of the slave (see the device's ADS tab)

0x200

A unique number that must reappear in the response
Slot number (DPV1 parameter)

Index (DPV1 parameter)

Length of the data that is to be read

An ADS read response is represented in a DPV1-MSAC_C1 read response as follows:

ADS read response parameter
Destination-Net-ID (NETID)
Destination-Port (PORT)
Invoke-ID (INVOKEID)

Result (RESULT)

Length (LENGTH)
Data (DATAADDR)

Meaning

Net-ID of the slave (see the device's ADS tab)
0x200

A unique number, as under indication

Result of the read: 0 = no error, otherwise: bits 0-15 = standard ADS
error codes, bits 16-23 = Error_Code_1, bits 24-31 = Error_Code_2, see
description of the DPV1 error codes

Length of the data that has been read

read data
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MSAC-C1 Write

A DPV1-MSAC_C1 write indication is represented in an ADS write indication as follows:

ADS write indication parameter Meaning

Source-Net-ID (NETID) Net-ID of the slave (see the device's ADS tab)
Source-Port (PORT) 0x200

Invoke-ID (INVOKEID) A unique number that must reappear in the response
IndexGroup (IDXGRP) Slot number (DPV1 parameter)

IndexOffset (IDXOFFS) Index (DPV1 parameter)

Length (LENGTH) Length of the data that is to be written

Data (DATAADDR) data that is to be written

An ADS read response is represented in a DPV1-MSAC_C1 read response as follows:

ADS read response parameter Meaning

Destination-Net-ID (NETID) Net-ID of the slave (see the device's ADS tab)

Destination-Port (PORT) 0x200

Invoke-ID (INVOKEID) A unique number, as under indication

Result (RESULT) Result of the read: 0 = no error, otherwise: bits 0-15 = standard ADS error

code, bits 16-23 = Error_Code_1, bits 24-31 = Error_Code_2, see descrip-
tion of the DPV1 error codes

Length (LENGTH) Length of the data that has been read

ADS Interface from TwinCAT 2.9

Communication can also take place via ADS in TwinCAT systems. The functionality is extremely similar to that
of an ADS connection between two PCs over Ethernet, although transmission takes place over PROFIBUS,
with the exception that the requester that initiates the ADS job is always the DP master PC. An FC310x DP
master is then linked to an FC310x-DP slave.

In the DP master, the ADS Interface should be activated on the "ADS" tab of the box, and the Net-ID of the DP
slave PC is to be entered:

¥ ADS-nterface

MetlD:  [10.3.2.99.2.1

At the DP slave the Net-ID of the DP master PC is to be added under Add. Netlds on the device's "ADS" tab:
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General | FC 310¢ Z805™] DPRAM (Onlinel |

¥ Use Fort
PortMo:  [28673 (0x7001) Change... |
Metid:  [10.3.2.99.21

Femate Mame: IDevice 1 [FC310=-5lave]

&dd. Metlds: &dd

10.3.2.98.1.1 Delete |
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5. Appendix
Configuration Data - CfgData

The CfgData describes the structure and length of the input and output data that is to be cyclically exchanged
via Data_Exchange. There follows a description of the DP configuration data bytes

Bits 4-7
0000B

0001B

0010B

0011B

0100B

0101B

0110B

0111B

1000B

1001B

1010B

1011B

1100B

1101B

1110B

1111B

Meaning

Module without data. Bits 0-3 indicate how many bytes of manufacturer-specific data are still to
follow.

Inputs of type byte, with no consistency. Bits 0-3 contain the length of the input data minus 1 (i.e.
bits 0-3 = 0000B corresponds to a length of one byte, while bits 0-3 = 1111B corresponds to a
length of 16 bytes)

Outputs of type byte, with no consistency. Bits 0-3 contain the length of the output data minus 1
(i.e. bits 0-3 = 0000B corresponds to a length of one byte, while bits 0-3 = 1111B corresponds to
a length of 16 bytes)

Inputs and outputs of type byte, with no consistency. Bits 0-3 contain the length of the input or
output data minus 1 (i.e. bits 0-3 = 0000B corresponds to a length of one byte, while bits 0-3 =
1111B corresponds to a length of 16 bytes)

A special identification format for inputs. A byte follows that describes the associated input data
(see below). Bits 0-3 indicate how many bytes of manufacturer-specific data are still to follow.

Inputs of type word, with no consistency. Bits 0-3 contain the length of the input data minus 1
(i.e. bits 0-3 = 0000B corresponds to a length of one word, while bits 0-3 = 1111B corresponds to
a length of 16 words)

Outputs of type word, with no consistency. Bits 0-3 contain the length of the output data minus 1
(i.e. bits 0-3 = 0000B corresponds to a length of one word, while bits 0-3 = 1111B corresponds to
a length of 16 words)

Inputs and outputs of type word, with no consistency. Bits 0-3 contain the length of the input or
output data minus 1 (i.e. bits 0-3 = 0000B corresponds to a length of one word, while bits 0-3 =
1111B corresponds to a length of 16 words)

A special identification format for outputs. A byte follows that describes the associated output
data (see below). Bits 0-3 indicate how many bytes of manufacturer-specific data are still to
follow.

Inputs of type byte, with consistency. Bits 0-3 contain the length of the input data minus 1 (i.e.
bits 0-3 = 0000B corresponds to a length of one byte, while bits 0-3 = 1111B corresponds to a
length of 16 bytes)

Outputs of type byte, with consistency. Bits 0-3 contain the length of the output data minus 1 (i.e.
bits 0-3 = 0000B corresponds to a length of one byte, while bits 0-3 = 1111B corresponds to a
length of 16 bytes)

Inputs and outputs of type byte, with consistency. Bits 0-3 contain the length of the input or out-
put data minus 1 (i.e. bits 0-3 = 0000B corresponds to a length of one byte, while bits 0-3 =
1111B corresponds to a length of 16 bytes)

A special identification format for inputs and outputs. A byte first follows that describes the asso-
ciated output data, and then one describing the associated input data (see below). Bits 0-3 indi-
cate how many bytes of manufacturer-specific data are still to follow.

Inputs of type word, with consistency. Bits 0-3 contain the length of the input data minus 1 (i.e.
bits 0-3 = 0000B corresponds to a length of one word, while bits 0-3 = 1111B corresponds to a
length of 16 words)

Outputs of type word, with consistency. Bits 0-3 contain the length of the output data minus 1
(i.e. bits 0-3 = 0000B corresponds to a length of one word, while bits 0-3 = 1111B corresponds to
a length of 16 words)

Inputs and outputs of type word, with consistency. Bits 0-3 contain the length of the input or
output data minus 1 (i.e. bits 0-3 = 0000B corresponds to a length of one word, while bits 0-3 =
1111B corresponds to a length of 16 words)
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If the first byte has the type "special identification format", then the second or third bytes have the following

meaning:

Bits 6-7

00B

01B

10B

11B

Meaning

Type byte, with no consistency. Bits 0-5 contain the length of the data minus 1 (i.e. bits 0-5 =
000000B corresponds to a length of one byte, while bits 0-5 = 111111B corresponds to a length of
64 bytes)

Type word, with no consistency. Bits 0-5 contain the length of the data minus 1 (i.e. bits 0-5 =
000000B corresponds to a length of one word, while bits 0-5 = 111111B corresponds to a length
of 64 words)

Type byte, with consistency. Bits 0-5 contain the length of the data minus 1 (i.e. bits 0-5 =
000000B corresponds to a length of one byte, while bits 0-5 = 111111B corresponds to a length of
64 bytes)

Type word, with consistency. Bits 0-5 contain the length of the data minus 1 (i.e. bits 0-5 =
000000B corresponds to a length of one word, while bits 0-5 = 111111B corresponds to a length
of 64 words)
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Diagnostic Data - DiagData

There follows a description of the DP diagnostic data

Offset Meaning

0x00.0 StationNonExistent: slave did not reply to the last telegram

0x00.1 StationNotReady: slave still processing the Set_Prm / Chk_Cfg telegram

0x00.2 CfgFault: slave signalling a configuration error

0x00.3 ExtDiag: extended DiagData available and valid

0x00.4 NotSupported: slave does not support a feature requested via Set_Prm or Global_Control

0x00.5 InvalidSlaveResponse: slave response not DP-compatible

0x00.6 PrmFault: Slave reports a parameterisation error

0x00.7 MasterLock: slave currently exchanging data with another master

0x01.0 PrmReq: re-parameterise and reconfigure slave

0x01.1 StatDiag: slave signalling static diagnosis / DPV1 slave application not yet ready for data ex-
change

0x01.2 PROFIBUS DP slave

0x01.3 WdOn: DP watchdog on

0x01.4 FreezeMode: DP slave in freeze mode

0x01.5 SyncMode: DP slave in sync mode

0x01.6 reserved

0x01.7 Deactivated: DP slave has been deactivated

0x02.0 reserved

0x02.1 reserved

0x02.2 reserved

0x02.3 reserved

0x02.4 reserved

0x02.5 reserved

0x02.6 reserved

0x02.7 ExtDiagOverflow: too much extended data present

0x03 MasterAdd: station address of master with which slave is exchanging data

0x04, ldentNumber

0x05

from 0x06 = Extended DiagData

Extended DiagData

A distinction is made in the Extended DiagData between identification diagnosis, channel diagnosis and manu-
facturer-specific diagnosis. The first byte indicates the type of the diagnosis and the length of the associated
data. Several diagnostic types can also follow one another in the Extended DiagData.

Header Byte

Bit Meaning

0- | Length of the associated diagnostic data, including header byte
5

6- | 0 = manufacturer-specific diagnosis (DPV1 is not supported) or DPV1 diagnosis (DPV1 is supported
7 (DPV1_Enable = 1) in associated GSD file)

Module diagnosis

Channel diagnosis
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Revision number

Manufacturer-specific diagnosis

The structure of the manufacturer-specific diagnosis may be found in the documentation for the DP slave.

DPV1 Diagnosis

In the case of DP slaves that also support DPV1, the DPV1 diagnosis, in which a distinction is made between
status messages and alarms, is sent instead of the manufacturer-specific diagnosis.

Byte Meaning

0 Header-Byte (bits 6,7 = 0, bits 0-5 = 4..63)
1 Bits 0-6: Alarm type
Bit 7: always 0

Slot number (0-254)
Bits 0-1: Alarm specifier
Bit 2: Additional acknowledge

Bits 3-7: Sequence number

4-63 Manufacturer specific (see the documentation for the DP slave)
Alarm type

Value Meaning

0 reserved

1 Diagnostic alarm

2 Process alarm

3 Withdrawal alarm

4 Insertion alarm

5 Status alarm

6 Update alarm

7-31 reserved

20-126 Manufacturer specific (see the documentation for the DP slave)

127 reserved

Module diagnosis

The module diagnosis contain one bit for each DP module. The bit indicates whether a diagnosis for the corre-
sponding DP module is present.

Byte Meaning
0 Header-Byte (bits 6,7 = 1, bits 0-5 = 2..32)
1 Bit 0: 1. DP module has diagnosis

Bit 1: 2. DP module has diagnosis

Bit 7: 8. DP module has diagnosis

31 Bit 0: 241. DP module has diagnosis

Bit 1: 242. DP module has diagnosis

Bit 2: 243. DP module has diagnosis

Bit 3: 244. DP module has diagnosis (a maximum of 244 DP modules as possible)
Channel diagnosis

The channel diagnosis provides a closer description of the cause of the diagnosis of a DP module.
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Byte Meaning
0 Header byte = 0x83 (3 bytes including header, bits 6, 7 = 2)
1 Bits 0-5: Channel number
Bits 6-7: 0 = reserved, 1 = input, 2 = output, 3 = input/output
2 Bits 0-4: Error type
Bits 5-7: Channel type
Error type
Value Meaning
0 reserved
1 Short circuit
2 Under voltage
3 Overvoltage
4 Overload
5 Over temperature
6 Open circuit fault
7 Upper limit value exceeded
8 Value below lower limit
9 Error
10-15 reserved
16-31 Manufacturer specific (see the documentation for the DP slave)
Channel type
Value Meaning
0 Any type
1 Bit
2 2 bit
3 4 bit
4 Byte
5 Word
6 2 words
7 reserved

Revision number

The structure of the revision number may be found in the documentation for the DP slave.
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DPV1 Error Codes

In the event of an incorrect DPV1 access, the slave replies with 4 bytes of data (any values that are not de-
scribed here are not defined in the DPV1 standard, and are therefore to be found in the slave's manual):

Byte 0
0xD1
0xD7
0xDE
OxDF

Byte 1
0x80

OxFE
OxFF

Byte 2
Error-Class (bits 4-7)
0x0A

0x0B

0x0C

Byte 3

DPV1 service

Data_Transport

Initiate
Read
Write

Error_Decode
DPV1

FMS

HART

Error-Code (bits 0-3)
0x00
0x01
0x02
0x08
0x09
0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08
0x09
0x00
0x01
0x02
0x03

Error_Code_1

Error_Code_1

Application, Read Error
Application, Write Error
Application, Module Failure
Application, Version Conflict
Application, Feature Not Supported
Access, Invalid Index

Access, Write Length Error
Access, Invalid Slot

Access, Type Conflict

Access, Invalid Area

Access, State Conflict

Access, Access Denied

Access, Invalid Range

Access, Invalid Parameter
Access, Invalid Type

Resource, Read Constrain Conflict
Resource, Write Constrain Conflict
Resource, Busy

Resource, Unavailable
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