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1 Introduction

1.1 Trademark information

Trademark information

1/305

Introduction

Sercos

the automation bus

Sercos is a registered trademark of Sercos International e.V..

EtherCAT.

EtherCAT® is a registered trademark and patented technology, licensed
by Beckhoff Automation GmbH, Germany.

Etheri'et/IP

EtherNet/IP™ is a trademark under license of Open DeviceNet Vendor
Association, Inc.

ETHERMET R 01 I 1

POWERLINK

Ethernet POWERLINK is a real-time capable field bus based on Ethernet.
Originally designed by B&R and released in 2001, Ethernet POWERLINK
has been specified and enhanced since 2003 by the Ethernet
POWERLINK Standardization Group (EPSG) user organization. The
protocol specification is open and in the public domain.

®

T B

PROFINET® (Process Field Network) is the open Industrial Ethernet
standard of Profibus & Profinet International (PI) for automation.

ProfiNet® is a registered trademark of the user organization PROFIBUS
Nutzerorganisation e. V.

CANopen

CANopen® is a registered trademark of CAN in Automation e.V.

anoeg
BIU[S

PROFINET® is a registered trademark of the PROFIBUS
Nutzerorganisation e. V.

TwinCAT® is a registered and licensed trademark of Beckhoff Automation
GmbH, Germany

HIPERFACE® is a registered trademark of SICK-STEGMANN GmbH

EnDat® is a registered trademark of Dr. Johannes Heidenhain GmbH

Tab. 1-1: Trademark information

1.2 About this documentation

Editions of this documentation
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Introduction
Edition Release date Notes
01 2018-11 First edition
Changes with regard to previous version PSB-20
Subject Notes
Enabling functional packaqes Introduction of the functional packages island
9 P 9 grid mode and DC/DC converter
Functional packades overview New functional packages for island grid mode
P 9 and DC/DC converter
Operation modes, general New operation modes for supply unit
Internet protocol services (S/IP) Extension of PLC Internet protocol services
(S/1P)
Island grid mode New function island grid mode
New function DC/DC converter: A converter,
DC/DC converter converting DC voltage to a DC voltage of a
different level.
02 2022-02 Changes, corrections, enhancements:

° New chapter: chapter 2.6 "Performance data" on page 18

° New parameters, see Parameter Description

o Corrections (¢ instead of phi)

Bosch Rexroth AG R911385754 _Edition 02

Tab. 1-2: Record of revisions

The Safety Instructions in the available application documentation contain
specific signal words (DANGER, WARNING, CAUTION or NOTICE) and,
where required, a safety alert symbol (in accordance with
ANSI Z535.6-2011).

The signal word is intended to draw the reader's attention to the safety in-
struction and describes the hazard severity.

The safety alert symbol (a triangle with an exclamation point), which pre-
cedes the signal words DANGER, WARNING and CAUTION, is used to alert
the reader to personal injury hazards.

A DANGER

Non-compliance with this safety instruction will result in death or serious per-
sonal injury.

A WARNING

Non-compliance with this safety instruction can result in death or serious per-
sonal injury.

A CAUTION

Non-compliance with this safety instruction can result in moderate or minor
personal injury.
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1.3
1.3.1

Your feedback

Introduction

NOTICE

Non-compliance with this safety instruction can result in property damage.

= This box contains important information that should be taken into
consideration.

Q This symbol highlights useful tips and tricks.

Your experience is important to improve our products and documentations.

If you want to report errors or suggest changes to this documentation, please
send your feedback to the following e-mail address:

Dokusupport@boschrexroth.de

We need the following information to handle your feedback:
®  The number indicated under "Internal File Reference".
®  The page number.

How to use this documentation
Structure of the functional description

Brief description

Functional description

Functional descriptions of IndraDrive firmware are divided in defined chap-
ters. Individual topics of the firmware description are assigned to the chapters
according to its content.

The description of the respective firmware functionality is basically divided in-
to the following sections:

®  Brief description

®  Functional description

e  Commissioning notes

e  Diagnostic and status messages, monitoring functions

Within one subject, these sections are always contained in the mentioned or-
der, but for practical and formal reasons they are not always existing or may
have a different title.

The brief description contains an overview of the firmware function or the
subject of the section. The brief description can contain, for example, general
basics, the most important features of the function, overviews and application
examples. Parameters and diagnostics part of this function are listed at the
end of the brief description.

The "Functional description" section explains the operating principle of the re-
spective function in an application-oriented way. The relevant parameters are
described with regard to their settings and effects. The parameter configura-
tion is only explained in detail where this is necessary for the description of
the function. As a basic principle, the functional description contains referen-
ces to the separate documentations for parameters and diagnostic messag-
es.

@ The detailed description of the parameters, their function and structure
is contained in the separate documentation "Rexroth IndraDrive, Parame-
ters".

R911385754 _Edition 02 Bosch Rexroth AG
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Commissioning notes

Diagnostic and status messages,
monitoring functions

IndraDrive Power Supply Basic PSB-21 Functions

@]The detailed description of the diagnostic messages, their causes and
remedies is contained in the separate documentation "Rexroth IndraDrive,
Diagnostic Messages".

The "Notes on commissioning" or "Notes on parameterization" section pro-
vides the user with the steps required for commissioning the function, similar
to a checklist. The necessary parameter settings are described in compact
form and, if necessary, instructions are given for activating the function and
the diagnostic messages of the immediate functional sequence are men-
tioned.

The "Diagnostic and status messages" section (also "Monitoring functions”, if
necessary) summarizes the diagnostic messages and possible status dis-
plays available for the respective function and describes them briefly. If there
are function-specific monitoring functions, they are also described in this sec-
tion.

@]The detailed description of the diagnostic messages, their causes and
remedies is contained in the separate documentation "Rexroth IndraDrive,
Diagnostic Messages".

1.3.2 Markers and terms

Terms

The complete functionality of the IndraDrive firmware is divided into functional
packages (base packages and optional expansion packages). The scope of
the available functions does not only depend on the hardware design, but in
the majority of cases also on the variant and characteristic of the firmware.

The descriptions of the master communication, the controller functions and
the operation modes have a marker containing information on the availability
of this functionality in the respective functional package of the firmware, e.g.:

Assignment to the functional firmware package, see chapter
"Supported operation modes"

1|III©

The application-specific scalability of the hardware and firmware provides a
multitude of possibilities. For detailed information, the following terms are
used in the Functional Description:

° Firmware range, e.g. IndraDrive

° Firmware variant, e.g. PSB, MPB

®  Firmware version, e.g. PSB-20VRS, MPM-18VRS
®  Firmware type, e.g. FWA-INDRV*-PSB-20VRS-D5

1.3.3 Cross references

Bosch Rexroth AG R911385754 _Edition 02

Descriptions that are part of other IndraDrive documentations (Parameter De-
scription, Description of Diagnostic Messages, Project Planning Manuals ...)
are only repeated in detail in exceptional cases. Cross references indicate
the source for more detailed information.

For cross references to other sections or documentations, we make the fol-
lowing distinction:

o  References to sections within this documentation are specified by indi-
cating the title of the respective section and the designation of the su-
perordinate topic, if necessary (both can be easily found using the in-
dex).
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o @ References to another documentation are also signaled by the "info
icon" if they are not contained in a note, in a table or in parentheses.

1.3.4 Documentations

A list of referenced documentation can be found under chapter 2.7 "Docu-
mentations" on page 19.

1.4 Definitions of terms

Axis processor

Installation

Drive
Electric drive system

User

Application documentation

B sample

Electrical equipment

Negative-sequence control

Device

Manufacturer

The axis processor is a micro processor in which the control algorithms to op-
erate the actor (e.g. a motor) are running.

An installation consists of several devices or systems interconnected for a
defined purpose and on a defined site which, however, are not intended to be
placed on the market as a single functional unit.

A drive (electric drive) consists of a drive controller with an electric motor.

An electric drive system comprises all components from mains supply to mo-
tor shaft; this includes, for example, electric motor(s), motor encoder(s), sup-
ply units and drive controllers, as well as auxiliary and additional compo-
nents, such as mains filter, mains choke and the corresponding lines and ca-
bles.

A user is a person installing, commissioning or using a product which has
been placed on the market.

Application documentation comprises the entire documentation used to in-
form the user of the product about the use and safety-relevant features for
configuring, integrating, installing, mounting, commissioning, operating, main-
taining, repairing and decommissioning the product. The following terms are
also used for this kind of documentation: Operating Instructions, Commis-
sioning Manual, Instruction Manual, Project Planning Manual, Application De-
scription, etc.

To a large extent, the B sample comes with the technical function. However,
there are restrictions, e.g. insufficient testing. Therefore, errors or product
variations are to be expected. The product may only be used after a proto-
type agreement was signed.

Electrical equipment encompasses all devices used to generate, convert,
transmit, distribute or apply electrical energy, such as electric motors, trans-
formers, switching devices, cables, lines, power-consuming devices, circuit
board assemblies, plug-in units, control cabinets, etc.

Unbalanced mains can be mathematically separated into a positive-sequence
system and a negative-sequence system. To control a current in an unbal-
anced mains, in addition to the known mains current control for the positive-
sequence system ("balanced component"), control for the negative-sequence
system ("unbalanced component") is required. The negative-sequence con-
trol includes all elements necessary for controlling the current in the negative-
sequence system.

A device is a finished product with a defined function, intended for users and
placed on the market as an individual piece of merchandise.

The manufacturer is an individual or legal entity bearing responsibility for the
design and manufacture of a product which is placed on the market in the in-
dividual's or legal entity's name. The manufacturer can use finished products,
finished parts or finished elements, or contract out work to subcontractors.
However, the manufacturer must always have overall control and possess
the required authority to take responsibility for the product.

R911385754 _Edition 02 Bosch Rexroth AG
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Incompatibility

Island grid

Compatibility

Component

Machine

Mains operation / island grid mode

Patch
Product

Project Planning Manual

Qualified persons

Qualified personnel for handling
functionally safe products

Release, firmware/Runtime re-
lease

Bosch Rexroth AG R911385754 _Edition 02
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Incompatible new functions or incompatible functional enhancements pro-
duce a device behavior which does not correspond to the previous version.

An island grid supplies a limited area and is not connected to the public grid
system or other power networks. The power supply company has to control
the balance between consumed and generated power in the island grid. An
energy storage system can be used. The operator of an island grid can deter-
mine individual standards for the island grid. These standards can deviate
from rules of public power supply companies.

Compeaitibility of a new function or functional enhancement means that, for ex-
ample, a parameter file from a previous version can be used in the new firm-
ware.

A component is a combination of elements with a specified function, which
are part of a piece of equipment, device or system. Components of the elec-
tric drive and control system are, for example, supply units, drive controllers,
mains choke, mains filter, motors, cables, etc.

A machine is the entirety of interconnected parts or units at least one of
which is movable. Thus, a machine consists of the appropriate machine drive
elements, as well as control and power circuits, which have been assembled
for a specific application. A machine is, for example, intended for processing,
treatment, movement or packaging of a material. The term "machine" also
covers a combination of machines which are arranged and controlled in such
a way that they function as a unified whole.

Mains operation and island grid mode are differentiated. In mains operation,
the grid system defines the grid properties. Supply units that supply a grid
system have to synchronize their voltages and frequencies to the existing
grid system. In island grid mode, however, the supply unit defines the proper-
ties of the island grid. The supply unit controls the voltage and frequency in
the island grid and thus assumes a "grid generator function". The power out-
put is determined by the loads and, where applicable, other supply units in
the island grid.

A patch corrects errors in the firmware.

Examples of a product: Device, component, part, system, software, firmware,
among other things.

A Project Planning Manual is part of the application documentation used to
support the sizing and planning of systems, machines or installations.

As defined by this application documentation, qualified persons comprises in-
dividuals familiar with the installation, mounting, commissioning and opera-
tion of the components of the electric drive and control system, as well as
with the associated risks, and who are qualified in their field. The following
qualifications are required, among other things:

e  Training, instruction or authorization to safely switch electric circuits and
devices on and off, to ground and to label them.

®  Training or instruction on the maintenance and the use of appropriate
safety equipment.

e  First aid training.

Individuals configuring, commissioning and operating functionally safe prod-
ucts must have the knowledge specified under "Qualified persons". Addition-
ally, these individuals must be familiar with technical safety concepts as well
as prevailing standards and regulations in the field of functional safety.

With a new firmware release, compatible functional enhancements are provi-
ded or errors in the firmware were corrected. The firmware release is encryp-
ted in the type code at position "RS" in AXS-V-VSRS.
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Control system

Technology Function

Grid system

Version, firmware/Runtime version

Introduction

A control system comprises several interconnected control components
placed on the market as a single functional unit.

The ctrIX DRIVE Technology Function refers to the PLC firmware function
which allows the axis processor of the ctrlX DRIVE system to use customized
PLC programs or ready-made technology apps.

A grid system is a large-scale, supraregional network of power plants (with
respect to electric power). It is operated by a power supply company that is
responsible for the mains and thus also specifies the rules for mains supply.

A new firmware version comprises basic changes in the scope of functions
compared to the previous version. The scope of functions may also contain
incompatible changes. The firmware version is encrypted in the type code at
position "VS" in AXS-V-VSRS.

R911385754 _Edition 02 Bosch Rexroth AG
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2 System overview
2.1 Terms, basic principles
2.1.1 Parameters

Communication between master and controller is realized, with a few excep-
tions, by using parameters.

Parameters are used for:

®  Setting the configuration

e  Parameterizing the control loop

e  Triggering and controlling functions and commands

®  Transmitting command values and actual values (according to require-
ments, cyclically or acyclically)

All operating data are mapped to parameters. The parameters can be identi-
fied using the IDN. They can be read and transferred, if required. The user
write access to parameters depends on the properties of the respective pa-
rameter and the current communication phase. The firmware checks specific
parameter values (operating data) for validity.

2.1.2 Data storage and parameter handling

Data memory

Condition as supplied

Storing the application-specific pa-
rameter values

Saving parameter values

Parameter IDN lists

Several non-volatile data memories are available in an IndraDrive system:
® Inthe controller
® In the programming module/control panel

In addition, a volatile data memory (working memory) is available in the con-
troller.

Condition as supplied of the Rexroth drive components:
®  The controller memory contains controller-specific parameter values.
e  The programming module / control panel contains the firmware.

® The application-specific parameter values are stored in the program-
ming module / control panel. Due to the limited number of writing cycles
of non-volatile storage media, application-specific parameter values can
be stored in the working memory (volatile memory) of the controller, too.

e  With "IDST" service tool parameter values can be saved on an external
data carrier.

Saving application-specific parameter values is required in the following ca-
ses:

®  After initial commissioning of IndraDrive
e  Before replacing the controller for servicing (if possible)
Application-specific parameter values can be saved using:
® "IndraWorks Ds/D/MLD" commissioning tool
- Saving parameter values on external data carrier
e  Control master
— Saving parameter values on master-side data carrier

The controller supports master-side saving of parameter values by listing pa-
rameter identification numbers (IDNs). Using these lists guarantees complete
storage of the application-specific parameter values. It is also possible to de-
termine IDN lists defined by the customer.

R911385754 _Edition 02 Bosch Rexroth AG
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Loading parameter values

Checksum of parameter values

213 Password

Types of passwords

214 Commands
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Parameter values need to be loaded in the following cases:
®  Commissioning series machines
- Loading the parameter values saved after initial commissioning
o Reestablishing a defined initial state
- Reloading the parameter values saved after initial commissioning
o Replacing the controller for servicing
- Loading the parameter values saved before servicing
Options for loading parameter values to the controller:
e  "IndraWorks Ds/D/MLD" commissioning tool
- Loading the parameter values from an external data carrier
e  "IDST" service tool
- Loading the parameter values from an external data carrier
e  Control master
— Loading the parameter values from a master-side data carrier

By way of checksum comparison, the control master can determine whether
the values of the application-specific parameter values currently active in the
controller correspond to the values saved on the master side.

IndraDrive controllers provide the possibility to protect parameter values
against accidental or unauthorized change by using a password. With regard
to write protection, there are 3 groups of writable parameters:

o Parameters that are generally write-protected, such as hardware code
parameters, error memory, etc. ("administration parameters"). The val-
ues of these parameters guarantee the correct function and perform-
ance of the controller.

° Parameters the customer can combine in groups and protect them with
a so-called customer password. This allows protecting parameter values
that are used for adjusting the controller, after having determined them.

e All other writable parameters that are not contained in the above-men-
tioned groups. They are not write-protected.

The firmware allows the write protection for parameter values to be activated
and deactivated using three hierarchically different passwords:

e  Customer password

The parameter values of a parameter group combined by the customer
can be protected.

e  Control password

Parameters protected by a customer password are writable; "adminis-
tration parameters" remain read-only.

e  Master password

All writable parameters, including "administration parameters" and pa-
rameters protected by a customer password, can be changed.

Commands are used to activate and control complex functions or monitoring
features. The higher-level master can start, interrupt and clear commands.

Each command is assigned to a parameter. The command execution can be
controlled using the parameter. During the execution of the command the dis-
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2.1.5

2.1.6

21.7

Types of commands

System overview

play of the control panel reads "Cx", "C" representing the diagnostic com-
mand message and "X" representing the number of the command.

= Each command that was started has to be actively cleared again.

All commands available are stored in parameter "S-0-0025, IDN-list of all
procedure commands".

There are the following different types of commands:
e  Control commands
—  Can only be started when drive enable has been set
—  deactivate the active operation mode during its execution.
e  Monitoring commands
—  Activate or deactivate monitoring features or functions.
e  Administration commands
- carry out administration tasks,
—  Cannot be interrupted

Operation modes

Warnings

Warning classes

Errors

The selection of operation modes defines which command values will be pro-
cessed in which way. The operation mode does not determine how these
command values are transmitted from the master to the controller.

One of the operation modes that are defined in parameters is always active if
the conditions below are fulfilled:

®  Control section and power section are ready for operation
e  Drive enable signal sees a positive edge

e  Command value input is followed

®  No control command active

®  No error reaction is carried out

The display of the control panel reads "LB" or "LF" (supply unit) when an op-
eration mode is active. The list of implemented operation modes is stored in
parameter "S-0-1705.0.1, List of the operating modes" (supply unit).

See also chapter "Operation modes"

Depending on the active operation mode and the parameter settings, many
monitoring functions are carried out. If a state is detected that permits correct
operation, but if continued will result in the occurrence of an error and the au-
tomatic shutdown of the output stage, the firmware generates a warning mes-
sage.

Warnings are classified in different warning classes which determine whether
or not an automatic reaction is carried out by the warning being generated.
The warning class can be recognized by the diagnostic message. Warnings
cannot be cleared. The messages are pending until the condition that trig-
gered the warning is no longer fulfilled.

Depending on the active operation mode and the parameter settings, many
monitoring functions are carried out. If a state is detected that affects or pre-
vents correct operation, the firmware generates an error message.
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Error classes

Error reactions

Clearing an error message

Clearing error messages when
drive enable has been set

Error memory

IndraDrive Power Supply Basic PSB-21 Functions

Errors are assigned to various error classes that differ based on the different
error reactions. The error class can be recognized by the diagnostic message
number.

Diagnostic message Error class

number
F2xxx Non-fatal error
F4xxx Interface error
F8xxx Fatal error
FOxxx Fatal system error

Tab. 2-1: Overview of error classes

= Apart from the mentioned error classes that can occur during op-

eration, errors can occur when the devices are booted up and
during firmware download. These errors are displayed on the con-
trol panel with a short diagnostic text rather than with a diagnostic
message number of the "Fxxxx" pattern. Booting and firmware
download errors are described in the separate documenta-
tion"Troubleshooting guide" (diagnostic description).

If drive enable has been set and an error state is detected, the execution of
an error reaction is automatically started. The diagnostic message number
"Fxxxx" flashes on the display of the control panel.

Error messages are not automatically cleared; instead, there is a procedure
for this depending on the severity of the error; see the separate "Trouble-
shooting Guide" documentation (description of diagnostic messages).

For example, if the error state persists, the error message is immediately
generated again.

If an error occurs during operation with drive enable having been set, an error
reaction is carried out. At the end of each error reaction, drive enable is re-
moved and the output stage is switched off.

To reactivate control,
®  clear the error message and
e  seta 0-1-edge for drive enable again.

The diagnostic message numbers of occurring errors are written to an error
memory. This memory contains the diagnostic message numbers of the last
errors that occurred and the time when they occurred. Errors caused by the
control voltage being switched off are not stored in the error memory.

The diagnostic message numbers in the error memory are mapped to param-
eter "P-0-0192, Error memory of diagnostic numbers" and can be displayed
by the control panel. Using the "IndraWorks Ds/D/MLD" commissioning tool,
it is possible to display the diagnostic message numbers and the respective
times at which the errors occurred.

2.2 IndraDrive product range

Bosch Rexroth AG R911385754 _Edition 02

The table below shows how the PSB derivative is integrated in the relations
between control sections and power sections, firmware derivatives and possi-
ble technology modules.
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Signal
Product range IndraDrive . processing .
Firmware Technologies
Version 20, Version 21 IndraDrive
Controls V2
>
Q2
3113 |8
> T | & o Q
SIS8|F(8|8|E|e|8|2|& 0|59
. 1 1 W fa) (77} 9 06 1 =
Product line ?,'3 % w o 8 E § 8 S 2 g 5 9 =
(oo == 2 |= |8 2|2 b % s |9
= 2 s
= ©
@©
n
HCS02 - - X[ X[ X]|-[X[|X|X]-]0|]O0O|O|O
HCS03 - - XXX - X|[X[|X|]-]0]O|]O]|O
IndraDrive C /M HCS04.2 - - X[ X[ X|-[X[|X|X]-]0]O0O|O|O
HMS - - XXX - X|X[|X|-]0]|]O|]O]|O
HMD - - - - - | X | - - - | X|O|O| - -
KMV03 X | X | - - - - - X | - - - -1 0| -
IndraDrive Mi KMS03-B (Basic) -l -l - X|-]-]-|X]|-]-]0|lO0|O] -
Distributed drives KMS02-B (Basic) - - -l x| - - -l x| - -lolol|lo| -
KSMO02-B (Basic) - - - X | - - - X | - -1 O0O|O| O] -
HCSO01-E (Economy) - - X |- - - X |- - - 10| - - -
IndraDrive Cs HCS01-B (Basic) -l -l - | X|-l-]-|X]-]1-]1]0|0]|0]| -
HCS01-A (Advanced) - - - - X | - - - X|-|lO|O|O|O
IndraDrive HCQO02 / HCT02 - - - - - | X | - - - X | - - - -
HMVO05 X | X | - - - - - X | - - - -1 0| -
IndraDrive ML
HMSO05 - - - X | X | - - X[ X|-]O0]O|O]|O
X Selectable
0] Optional
- Not available
Tab. 2-2: Product range IndraDrive - Version 20, Version 21
2.3 Firmware, overview
2.3.1 Firmware variants

For the IndraDrive range, there are different application-related firmware
types available that are characterized by their scope of functions and their
performance.

Besides the firmware derivatives for converter and inverter devices, the
"PSB" derivative was implemented for supply units. Thus, the following firm-
ware variants are provided:

e  FWA-INDRV*-MPB-21VRS-D5
¢ FWA-INDRV*-MPC-21VRS-D5
e FWA-INDRV*-MPE-21VRS-D5

R911385754 _Edition 02 Bosch Rexroth AG
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e  FWA-INDRV*-MPM-21VRS-D5

*  FWA-INDRV*-PSB-21VRS-D5

"MP" stands for Multi Purpose, "PS" stands for Power Supply. "B", "C", "E"
and "M" identify the performance and functionality of the firmware:

e  MPB: Single-axis firmware with BASIC performance and functionality
plus MLD-S functions

PSB: Supply unit firmware with BASIC performance and functionality
plus MLD-S functions

C: Single-axis firmware with ADVANCED performance and functionality
plus CCD + MLD-M functions

E: Single-axis firmware with ECONOMY performance and functionality

M: Double-axis/multi-axis firmware with BASIC performance and func-
tionality

= The advanced performance or economy performance variant is
only available for axis firmware.

The "IndraWorks Ds/D/MLD" commissioning tool is available for commission-
ing these firmware variants.

2.3.2 Organizing the firmware

For the application-specific definition of the functionality, the firmware func-
tions are divided into different "functional packages". It is divided into a gen-
erally available base packageand optional additional functional packages.

= The scope of functions of the functional packages and their possi-
ble combinations are described in section "Overview of functions/
functional packages".

24 Overview of functions/functional packages

241 Overview

General information

The application-specific scope of usable functions of the FWA-INDRV*-
MP*-21VRS drive firmware depends on

e the existing device configuration
-and -
e the licensed functional firmware packages.

= Depending on the hardware design, the scope of firmware func-
tionality can be determined according to the respective applica-
tion (scalability of the firmware functionality). The scope of corre-
sponding parameters depends on the available functions.

Scaling of supplier functionality

Firmware scaling by control sec-  Some IndraDrive supply units are equipped with option card slots. Depending
tion configuration  on the available optional cards, it is possible to activate certain functions (incl.
corresponding parameters), e.g.:

° Master communication
° I/0O extension

Bosch Rexroth AG R911385754 _Edition 02
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The firmware functionality is divided into the following package groups:
® Base package
e  Optional expansion packages:

— Alternative functional packages (extension package mains func-
tion, extension package DC/DC converter)

— Additive functional package (IndraMotion MLD)

The base package is avaiable without any access enable. Using the additive
expansion package, however, requires licensing.

= The desired scope of firmware functions should preferably be de-
fined when the firmware is ordered. In individual cases, it is possi-
ble to provide access enable subsequently (additional licensing)
or to reduce it, see also section "Enabling functional packages".

The figure below contains an overview of the possibilities of PSB firmware
scaling by functional packages:

POWER SUPPLY
(PSB firmware)

’ IndraMotion MLD ‘ } §

‘ Mains function ‘ 8

| DC/DC converter ‘ '§ E
2

‘ Base package ‘

Fig. 2-1: Functional packages of the IndraDrive firmware PSB-21

Brief description of the functional packages

Alternative functional packages

The overall functionality of an IndraDrive supply unit is divided into groups of
functions, the so-called "functional packages". The FWA-INDRV*-
PSB-21VRS firmware supports the functional packages listed below.

Alternative functional packages') are available:
] Mains function

In addition to the base package, functions for energy supply in low-volt-
age and medium-voltage systems and functions of the island grid opera-
tion.

Additionally available functions:

— Advanced mains monitoring

—  Active power limit

—  Frequency-dependent active power limit

— Reactive power command value input depending on the active
power

— Island grid mode

1) These functional packages cannot be activated simultaneously (only individually)!

R911385754 _Edition 02 Bosch Rexroth AG
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Additive functional packages

Firmware types

Structure of the firmware type des-

ignation
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° DC/DC converter

In addition to the base package, functions to operate the control unit as

DC/DC converter.

Additionally available functions:

—  DC voltage control

- DC current control
There is also an additional functional package available:
o IndraMotion MLD

Iy

any available alternative package.

An additive functional packages can be activated in addition to

The type designation of the IndraDrive firmware consists of the following type

code elements:

IndraDrive firm-

ware

Base
package
of variant
(depend-
ing on

Alternative
expansion
packages

Version Release |Language |OL/CL

Additive
expansion
packages

control
section)

Supply unit FWA-INDRV* -PSB- 21 VRS- D5- N- XXX- XX

Tab. 2-3:
Base package (application and performance):
e  PSB - supply unit firmware with Basic performance

Basic structure of the firmware type designation

Function-specific abbreviations in
type designation of IndraDrive
firmware

Alternative functional packages:

®  NNN - No alternative functional package

®  MSE - Functional package "Mains function"

e DCE - Functional package "DC/DC converter"
Additive expansion package:

e NN - No additive extension package

e ML - IndraMotion MLD free programming

ISy

The sales representative in charge will help you with the currently
available firmware types.

24.2 Base packages

General information

In the base packages of the firmware, the minimum scope of functionalities is
available. They contain the basic functions of a supply unit firmware and a
number of other fundamental functions.

Basic functions

The following basic functions are available for every device and contain the
fundamental basic functions of a supply unit:

o Extensive diagnostic functions:
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- Internal generation of diagnostic messages

—  Monitoring function

—  Patch function

—  Status displays, status classes

—  Oscilloscope function

—  Option card ID

—  Parameter value check

—  Operating hours counter, diagnostic memory, error memory
e  Options for integrated energy and power measurement
e  Undervoltage monitoring
e  Output of control signals
e Limitations that can be parameterized

Availability of the optional device functions

The overview below shows the availability of the optional device functions.

Optional device function Functional package

Digital inputs/outputs Contained in base package

Mains function Independent extension package (MSE)
DC/DC converter Independent extension package (DCE)
IndraMotion MLD Independent expansion package (ML)
Tab. 2-4: Availability of the optional device functions

To use a functional package, it has to have been activated (enabled). The
currently enabled functional packages are displayed in parameter "P-0-2004,
Active functional packages".

See also "Enabling functional packages"

243 Additive functional packages

General information

So-called additive functional packages are part of the optional expansion
packages. Additive functional packages can be used in addition to the basic
function (additive activation).

At present, IndraMotion MLD (drive-integrated PLC and technology functions)
is available as an additive functional package (in different designs).

IndraMotion MLD (drive-integrated PLC)

Additive functional package

The following design of the additive functional package is available:

e The "ML" design allows Rexroth IndraMotion MLD-S / MLD-M to be
freely programmed.

@ See documentation "Rexroth IndraDrive, Rexroth IndraMotion MLD
(2G) as of MPx-18, Application Manual" (DOK-INDRV*-MLD3-**VRS*-AP;
mat. no.: R911338914) and "Rexroth IndraMotion MLD (2G) Libraries as of
MPx18, Reference Book" (DOK-INDRV*-MLD-SYSLIB3-RE; mat. no.:
R911338916).
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2.5 Master communication overview

The PSB-21VRS firmware supports the following interfaces for master com-
munication:

Sercos
PROFIBUS-DP
EtherNet/IP interface
PROFINET
Analog-Interface
EtherCAT

CANopen
POWERLINK

2.6 Performance data
2.6.1 Levels of control performance

For the control performance of the IndraDrive range, there are basically three
different levels with regard to the clock rates (cycle times):

Advanced performance

High control performance by shorter clock rates for the control loops and
the signal processing of inputs and outputs or drive-integrated PLC
(IndraMotion MLD).

Basic performance

Standard control performance by medium internal clock rates for the
control loops and the signal processing of inputs/outputs or drive-inte-
grated PLC (IndraMotion MLD).

Economy performance

Low control performance due to reduced clock rates for the control
loops and the signal processing of inputs/outputs.

= The PSB supply unit firmware only supports the Basic perform-
ance option and the Advanced performance option.
Use the parameter S-0-1709.0.152, bit 8, to switch the perform-
ance (0: Basic, 1: Advanced).
2.6.2 Performance and clock rates
In this documentation, the clock rate data refer to the following characteristic
values:

Bosch Rexroth AG R911385754 _Edition 02

Current controller clock Ta_cyrrent

Voltage controller clock T yoitage

Position controller clock Ta position

Cycle time of PLC (IndraMotion MLD) Ty p

The table below contains an overview of the clock rates depending on the re-
spective control performance and controller or control section design.
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Allowed operatin Performance
Controller modes P 9 level fPWM TA_current TA_voItage TA _position TMLD
Mains operation Basic 250 ps 500 ps 1000 ps
KMV03 P 101 kHz |99 ps
Island grid mode Advanced" 125 s 250 ps 1000 ps
Basic 250 ps 500 ps 1000 ps
3.8 kHz 131 us
Mains operation Advanced" 125 s 250 ps 1000 ps
HMV05 )
Island grid mode Basic 250 us 500 us 1000 ps
4.2 kHz 119 s
Advanced" 125 us 250 us 1000 ps
Basic 250 ps 500 ps 1000 ps
4.0 kHz 125 ps
Advanced 125 us 250 us 1000 ps
HMS05 as DC/DC DC/DC converter Basic 6.0 kHz 83 us 250 ps 500 ps 1000 ps
converter
Basic 250 ps 500 ps 1000 ps
8.0 kHz 125 us
Advanced 125 us 250 us 1000 ps
1) not allowed in combination with negative-sequence control
Tab. 2-5: Overview of clock rates (cycle times or PWM switching frequencies)
2.7 Documentations
2.7.1 Drive systems, system components
Drive systems, system components
Title Type of documentation Document typecode” Material number
Rexroth IndraDrive ... DOK-INDRV*-... R911...
...Cs Project Planning Manual HCSO01******-PRxx-EN-P 322210
Drive Systems with HCS01
...Mi Project Planning Manual KCUO02+KSMO02-PRxx-EN-P 335703
Drive Systems with KCU02
KSM02, KMS02/03, KMV03
Drive Systems with HMV01/02 Project Planning Manual SYSTEM*****-PRxx-EN-P 309636
HMS01/02, HMDO01, HCS02/03
Supply Units, Power Sections Project Planning Manual HMV-S-D+HCS-PRxx-EN-P 318790
HMV, HMS, HMD, HCS02, HCS03
ML, Drive Systems with HMUOQ5 Project Planning Manual Hxx05******-.PRxx-EN-P 344279
Drive Controllers Project Planning Manual CSH********.PRxx-EN-P 295012
Control Sections CSB01, CSHO1,
CDBO01
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Title Type of documentation Document typecode™ Material number
Rexroth IndraDrive ... DOK-INDRV*-... RO911...
Control Sections Project Planning Manual Cxx02******-PRxx-EN-P 338962
CSE02, CSB02, CDB02, CSH02
Additional Components and Accesso- | Project Planning Manual ADDCOMP****-PRxx-EN-P 306140
ries

1) In the document typecodes, "xx" is a placeholder for the current

edition of the documentation (example: PR0O1 is the first edition
of a Project Planning Manual)

Tab. 2-6: Documentations — drive systems, system components
2.7.2 Firmware
Title Type of documentation Document typecode” Material number
Rexroth IndraDrive ... DOK-INDRV*-... R911...
MPx-21 Application manual MP*-21VRS**-APxx-EN-P 385758
Functions
MPx-20 Application Manual MP*-20VRS**-APxx-EN-P 345608
Functions
MPx-20 Release Notes MP*-20VRS**-RNxx-EN-P 345606
Version Notes
PSB-21 Application manual PSB-21VRS**-APxx-EN-P 385754
Functions
PSB-20 Application manual PSB-20VRS**-APxx-EN-P 345610
Functions
MPx-18 Application Manual MP*-18VRS**-APxx-EN-P 338673
Functions
MPx-18 Release Notes MP*-18VRS**-RNxx-EN-P 338658
Version Notes
MPx-17 Application Manual MP*-17VRS**-APxx-EN-P 331236
Functions
MPx-17 Release Notes MP*-17VRS**-RNxx-EN-P 331588
Version Notes
MPx-16 Application Manual MP*-16VRS**-APxx-EN-P 326767
Functions
MPx-16 Release Notes MP*-16VRS**-RNxx-EN-P 329272
Version Notes
Parameters Reference Book GEN1-PARA**-RExx-EN-P 328651
from MPx-16 and PSB
Diagnostics Reference Book GEN1-DIAG**-RExx-EN-P 326738
from MPx-16 and PSB
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Title Type of documentation Document typecode™ Material number
Rexroth IndraDrive ... DOK-INDRV*-... R911...
Rexroth IndraMotion MLD Reference Book MLD-SYSLIB2-RExx-EN-P 332627
Libraries as of MPx-17
Rexroth IndraMotion MLD Reference Book MLD-SYSLIB3-RExx-EN-P 338916
Libraries as of MPx-18
Rexroth IndraMotion MLD Application Manual MLD2-**VRS*-APxx-EN-P 334351
MPx-17 and above
Rexroth IndraMotion MLD Application Manual MLD3-**VRS*-APRS-EN-P 338914
MPx-18 and above

1) In the document typecodes, "xx" is a placeholder for the current

edition of the documentation (e.g.: RE02 is the second edition
of a Reference Book)

Tab. 2-7:

Documentations — firmware
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3 Master communication

A WARNING Dangerous movements! Danger to life, risk of

injury, serious injury or property damage!

e Keep free and clear of the ranges of motion of machines and moving
machine parts.

®  Prevent personnel from accidentally entering the machine’s range of
motion (e.g., by using safety fences, safety guards, protective coverings,
light barriers).

e  Make sure that the drives are brought to safe standstill before accessing
or entering the danger zone.

3.1 Process data coupling
3.1.1 System overview
Component Task
o Executing the user code
° Generating and processing the process data
L Configuring the field device at runtime
Control ° Abstraction of coupling between control and field de-

vice

o If necessary, abstraction of similar field devices of
different manufacturers

° Adjusting the process data between control and field
Process data coupling device
o Transmitting the non-cyclical data

U Processing the field application on the basis of the
process data (command values)

Field device [ Updating the process data on the field side (actual
values)

o Providing non-cyclical data for configuration

Tab. 3-1: Overview of components and tasks

The table shows the components relevant for fulfilling an automation task be-
tween control and field device.

These components have different functions:

The control executes the user code and generates command values for the
field devices in accordance with the actual states. In addition, the field devi-
ces are configured at runtime.

The field devices process the command values generated by the control and
provide actual values from the field for the control application.

The parapgraphs below describe the different options of how process data
are coupled between control and field device.

3.1.2 Types of process data coupling
Coupling via discrete wiring

The typical type of process data coupling is coupling via discrete wiring.
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PLC d|8|=|%
Discrete
wiring
Field device
DF000910v01.des
PLC Control
DI Digital input
DO Digital output
Al Analog input
AO Analog output
Fig. 3-1: Coupling the process data via discrete wiring

The control and state signals are exchanged via digital inputs and outputs at
the field device and the control. The command values and actual values for
the actual field application, such as command velocity and actual velocity of a
drive, are input via analog inputs and outputs. The inputs and outputs of the
control can also be distributed inputs and outputs:
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Master communication

PLC
2 (] o
Q_ — —
=] o <<
Fieldbus | 3 a <
Discrete
wiring
Field device
DF000911v01.des
PLC Control
DI Digital input
DO Digital output
Al Analog input
AO Analog output
Fig. 3-2: Coupling the process data via discrete wiring at a distributed I/O

The following process data can be digitally coupled via a field bus:
e  State signals

®  Control signals

®  Process- and application-related command values

®  Process- and application-related actual values

Depending on the field bus capabilities, transmission takes place in a de-
mand-based, cyclic or synchronous way. Besides mere process data trans-
mission, the field bus can also be used to synchronize control and field de-

vice.
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Local process data coupling

Hybrid coupling
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PLC

Field device

Field bus

DF000912v01.des

Fig. 3-3: Process data coupling using field bus

Besides the already described process data input from a remote control, lo-
cally controlling the field application using a control locally integrated in the
field device is also possible.

P
L Field device
C
DF000913v01.des
Fig. 3-4: Local process data coupling

In this case, the local control takes over the processing of the user code and
thereby the generation of the control values and command values.

General information
Besides the typical process data coupling, there are hybrid types.
Field bus and discrete wiring

The figure below shows a characteristic of hybrid process data coupling. In
this example, the control signals and state signals and parts of the process
data are exchanged via digital and analog inputs and outputs at control and
field device. Furthermore, the advantages of coupling via a field bus are used
for synchronization, for example. In addition, pieces of information can be ex-
changed via diagnostics and on parameterizations.
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PLC |8 |=|%2
Discrete
wiring
. Field device
Field bus
DF000914v01.des
PLC Control
DI Digital input
DO Digital output
Al Analog input
AO Analog output
Fig. 3-5: Hybrid process data coupling via field bus and discrete wiring

Hybrid coupling via field bus and local input

The figure below shows another characteristic of hybrid process data cou-
pling. The application code is executed in different devices. The basic control
of the field device is carried out in a superimposed control. The locally run-
ning control implements the local process data adjustment in the field device.

PLC
P
- L Field device
Field bus
C
Fig. 3-6. Hybrid coupling via field bus and local input
3.2 Basic functions of master communication

3.2.1 Brief description

General information

With IndraDrive devices, the same basic functions of master communication
apply to:
° MultiEthernet interface with
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Notes on parameter access

IndraDrive Power Supply Basic PSB-21 Functions

—  Sercos

—  EtherCAT®

- PROFINET®

-  EtherNet/IP™
®  Field bus interface
®  Analog-Interface

The protocol is selected or deactivated using "P-0-4089.0.1, Master
communication: Protocol".

IP engineering can also be carried out via the MultiEthernet interface. This
function is maintained after the master communication has been switched off.
When the EtherCAT® protocol has been activated, IP engineering cannot be
carried out, because it is not supported by EtherCAT®; EoE (Ethernet over
EtherCAT) can be used for EtherCAT® instead.

The following mechanisms are available for controls that cannot access 4-
byte EIDN parameters:

e  4-byte EDINs in the device with Sercos element and Sercos instance =
0 can be used as 2-byte IDN. Example: Parameter P-0-4089.0.1 via
P-0-2310.

®  The following 4-byte EIDNs with Sercos element or Sercos instance un-
equal 0 are mapped to the assigned 2-byte IDN parameters.

4-byte EIDN parameter

2-byte IDN parameter

P-0-4089.0.1, Master communication

: Protocol P-0-2310, Master communication: Protocol

P-0-4089.0.2, Master communication

: Device name P-0-2311, Master communication: Device name

P-0-4089.0.3, Device address

P-0-2303, Device address

P-0-4089.0.4, Active device address

P-0-2304, Active device address

P-0-4089.0.10, Master communication: MAC address device | P-0-2312, Master communication: MAC address device

P-0-4089.0.11, Master communication: MAC address Port1 | P-0-2313, Master communication: MAC address Port1

P-0-4089.0.12, Master communication: MAC address Port2 | P-0-2314, Master communication: MAC address Port2

P-0-4089.0.13, Master communication: IP address P-0-2315, Master communication: IP address

P-0-4089.0.14, Master communication: Network mask P-0-2316, Master communication: Network mask

P-0-4089.0.15, Master communication: Gateway address P-0-2317, Master communication: Gateway address

Features

Bosch Rexroth AG R911385754 _Edition 02

Tab. 3-2: Parameters for configuring the master communication

Using the above-mentioned mechanisms, all parameters can thus
Q be accessed via 2-byte IDNs. The CCD configuration parameters
represent the only exception.

1y When the field bus card (PROFIBUS®) has been plugged in, it is
only possible to change between inactive master communication
and PROFIBUS® master communication. Switching to Sercos®,
EtherCAT®, EtherNet/IP™ or PROFINET® is not possible.

®  Protocol selection via the control panel or "P-0-4089.0.1, Master
communication: Protocol"

o IP engineering is supported depending on the protocol
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Parameters involved

Parameters for state machine and
phase switching

Operation mode parameters

Control and status words specific
to Sercos

Master communication

Master communication Engineering is supported depending on the pro-
tocol

Command processing

— Device commands to be externally activated (via master communica-
tion, "Engineering over IP" or control panel)

Device control (state machine)
- Individual state machines for master communication and device

—  According to the variant of master communication, the master com-
munication state machine has a different functionality and com-
plexity. The communication-specific states are distinguished and
mapped to the status words of the corresponding master communi-
cation (e.g. for Sercos: "S-0-0135, Drive status word"; "S-0-1045,
Sercos: Device Status (S-Dev)".

—  The device state machine is independent of the variant of master
communication and maps the device-specific states to parameter
"S-0-0424, Status parameterization level". We always distinguish
between the operating mode (OM) and the parameter mode (PM).

Extended control options
—  Signal control word (S-0-0145) and signal status word (S-0-0144)
See chapter "Control options / additional functions".

The state machine of the master communications is briefly out-
lined in this section; it will be described in detail, i.e. including the
individual status transitions, in the main chapter of the respective
master communication.

The following parameters are used independent of the variant of master com-
munication:

S-0-0011, Class 1 diagnostics

S-0-0012, Class 2 diagnostics

S-0-0014, Interface status

S-0-0420, C0400 Activate parameterization level procedure command
S-0-0422, C0200 Exit parameterization level procedure command
S-0-0423, IDN-list of invalid data for parameterization levels
S-0-0424, Status parameterization level

P-0-4086, Master communication status

P-0-4088, Master communication: Drive configuration

S-0-1709.0.1, Primary operation mode

S-0-1709.0.2, Secondary operation mode 1
S-0-1709.0.3, Secondary operation mode 2
S-0-1709.0.4, Secondary operation mode 3

For the "Sercos" interface, the following additional parameters are used:

S-0-1720.0.01, Power supply control word
Alias:
P-0-2714, Power supply control word
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®  S-0-1720.0.02, Power supply status word
Alias:
P-0-2715, Power supply status word

Diagnostic messages involved
e  C0100 Communication phase 3 transition check
® (5200 Communication phase 4 transition check
®  (C0200 Exit parameterization level procedure command
® (0400 Activate parameterization level 1 procedure command

3.2.2 Protocol selection

Protocol selection  The protocol is selected via P-0-4089.0.1. The setting can either be selected
via the menu in the "Display" or via the commissioning tool "IndraWorks".

IndraWorks Engineering - Master Communication - HCSD1.1 [1] default
File  Edit  Wiew Project Diagnostics Tools  Window  Help

Pdlsmeocolananm Al c kI @monBiooo0 B> A Q cxes B
i EHIorer s Master Communication - HC501.1 [1] default
= _sj__| MultEthert et Cz

Bl HCS01.1 [1] default HCS01.1 [1] deFault |4 ¥ - | L E | (7))

----------- b Master Communication
- B Power Supply
= Az [1] Axiz [1] default

D Master Eommunicatiop-Axis Master communication type |Mulli-Elhemet | SERCOS
totor, Brake, Measuring Systems

Scaling / Mechanical Sysh
D seaing / Mechanical System Basic setting |SERCOS Il =] -

|2 Limit ¥ alues =
|5 Drive Contral No master comm. activate
|2y Operation Modes / Drive Halt NE eycls time Eg‘g;’;‘ﬁg}"

Basic zettings of master communication | Enginesring over IP |

-2 Ermor Reaction EtherCAT
~ b Probe
-|2 Optimization / Commizsioning
(-5 Local [/0s & Changes in the basic settings will only be active after the drive
has been booted!

DBE000482w01

Fig. 3-7: MultiEthernet, profocol selection

After the parameter "P-0-4089.0.1, Master communication: Protocol" was
changed, IndraDrive has to be rebooted. If the reboot is not carried out and
one tries to switch to the operating mode (OM), the drive signals "C0299
Configuration changed. Restart".

3.23 Command processing

Overview

Commands are used to control complex functions in IndraDrive. For example,
the "switching preparation phase 3 to 4" function is defined as a command.

= All commands available in the device are stored in parameter
"S-0-0025, IDN-list of all procedure commands".

Types of commands  There are 2 different types of commands:
e  Control commands
—  Can cause automatic drive motion
—  Can only be started when drive enable has been set
—  Deactivate the active operation mode during its execution
®  Administration commands
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Command execution

General information

Controlling the command execu-
tion

Possible command inputs

Command acknowledgment

Command status

Master communication

—  Carry out administration tasks

Cannot be interrupted

When executing the command, comply with the following:

e  Belonging to each command there is a parameter with which the com-
mand execution can be controlled.

®  The higher-level master can start, interrupt and clear commands.

e While a command is being executed, the diagnostic message "Cx" is
displayed while "x" represents the number of the command.

e Each command started by the master has to be actively cleared again.

NOTICE Damage to the internal memory (flash)

caused by cyclic command execution (write
accesses to the flash)!

= During the execution of some commands (see description of the respective
diagnostic command message; e.g. "C0500 Reset class 1 diagnostics, error
reset"), data are written to the internal memory (flash), too. This memory,
however, only allows a limited number of write accesses. Therefore, it should
be made sure that such write accesses are not carried out too often (a maxi-
mum of approx. 100,000 writing cycles).

The command execution is controlled and monitored by command input and
command acknowledgment. In the input IndraDrive is informed on whether
the command execution is to be started, interrupted or completed. The input
takes place via the operating data of the respective parameter.

Commands are started or terminated by:

e Directly writing data to the respective command parameter (e.g.
"S-0-0099, C0500 Reset class 1 diagnostics" in command "C0500
Reset class 1 diagnostics, error reset") via master communication

-or-
® A 0-1 edge when the command was assigned to a digital input
Also see chapter:
—  "Configurable signal control word"
—  "Digital inputs/outputs”

For command execution, we distinguish the following inputs (= content of
command parameter):

° 0: Not set and not enabled
e 1:Interrupted
° 3: Set and enabled

In the command acknowledgment, IndraDrive informs about the current state
of the command execution. The current state is contained in the data status
of the command parameter.

= The command status can be obtained by executing a command
to write data to the parameter element 1 (data status) of the com-
mand parameter.

The command status can be:
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Command change bit
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0x0: Not set and not enabled

0x7: In process

OxF: error, command execution impossible
0x5: Command execution interrupted

0x3: Command executed correctly

For master-side detection of a change of the command acknowledgment by
IndraDrive, the "command change bit" (KA bit) is available for Sercos in pa-
rameter "S-0-0135, Drive status word".

The supply unit sets this bit when the command acknowledgment
changes from the "in process (0x7)" state to one of the following states:

—  Error, command execution impossible (0xF)
- Or -
—  Command correctly executed (0x3)

The bit is deleted when the master deletes the input (0x0), i.e. writes "0"
to the parameter of the command.

IS

The command change bit is only set if the command was activa-
ted via the master communication.

Data of
command Command Command
parameter started cleared
(= input) 3 |
0 1 >
| | t
Data status of | Command |
command | processed Command completed
paralzneter | without error
(I_eg(g:;n?gmi g | I. | ] Command cleared
sl PN t
Approx. 2 ms | | Approx.2 ms
Command | |
change bit . '
in drive status 4
word
0 >
t
DK000024v01_en.fh
Fig. 3-8- Input, acknowledgment and command change bit in the case of cor-
rect execution
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Dataof %
command Command Command
parameter started cleared
(= input) 37
0 >
, . t
A | |
OFr | Command
Data status of ' Command ! completed with error
command | processed |
parameter 7t | |
(= acknow- , |
ledgment) 3T | | | Command cleared
0 i >
sl | e t
| [Approx 2 ms]
Command | |
change bit '
in drive status 4
word
0 >
t
DK000025v01_en.th
Fig. 3-9: Input, acknowledgment and command change bit in the case of in-
correct execution

3.24 Device control and state machines
Overview

The supply unit state (e.g., supply error) represents a specific internal and ex-
ternal behavior of IndraDrive. It can be exited by defined events (e.g., com-
mands, switching of operation modes). Corresponding state transitions are
assigned to the events. The state transitions or the interaction of the control
and status bits are called state machine.

It is distinguished between:

®  Device-internal state machine (defines the device-specific states which
determine the behavior of the device)

° State machine of master communication
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Master communication

Field bus
state machine

Device
state machine

Sercos
state machine

Parallel/analog
state machine

Communic.
phase 4

Operating mode
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| :::::::::::::::::::::::::::::::::;:::::::::::::]::::::> $-0-0420

Depending on — C0400
S-0-0425
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|
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Parameter mode
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Communic.
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A
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A

1

|
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|

|

|

|

Booting Booting |
process rocess rocess |
|

|

|

|

|

State machines of master communication

Initialization

Device state
machine

DF000684v02_en.th

S-0-0127, C0100 Communication phase 3 transition check

S-0-0128, C5200 Communication phase 4 transition check

S-0-0420, C0400 Activate parameterization level 1 procedure command
S-0-0422, C0200 Exit parameterization level procedure command
S-0-0425, C0200 Exit parameterization level procedure command
P-0-4088, Master communication: Drive configuration

Fig. 3-10: Overview: State machines of master communications and device

Device-internal state machine

Parameter mode/operating mode  For the device-internal state machine we distinguish the following states:
®  Parameter mode (PM)

— Allows write access to all device parameters which are not password-
protected

e  Operating mode (OM)

- Only allows write access to all device parameters which can be
changed in operation and preferably can be cyclically transmitted

Switching It is possible to change between these two states using the following com-
mands:

e  S-0-0420, C0400 Activate parameterization level procedure command
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Control word and status word

Master communication

S-0-0422, C0200 Exit parameterization level procedure command

During switching, comply with the following:

Switching is generally possible by directly executing the transition com-
mands S-0-0420 or S-0-0422.

In the MultiEthernet interface, the state machine of the master communi-
cation is connected to the device-internal state machine. This means
that when master communication is switched (communication phase 2 -
communication phase 4 or back), the device-internal state machine is
also switched. Via parameter "P-0-4088, Master communication: Drive
configuration”, this dependency can be deactivated.

The device-specific states are mapped to the following parameter:

S-0-0424, Status parameterization level
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State machine of the device

Operating mode OM Power enabled 1 LB
(OPERATION MODE)
=Nie SR S-0-17. Supply unit in control, selected oper. mode active
|1|1IOIOIOIOIOIOH|1|1|1|X|X|X|X| Enabled via IndraBus WARNING
y S$-0-1720.0.2
DX T pe e e e e ]
or s
y 5-0-1720.0.1, bit14=0
Ready for power outBut 1 Lb or .
Switching off power (DC_ US CHARGE IndraBus "bbA=0" Error situation
DC bus charged or
5-0-1720 Rectifier mode active IndraBus “error*
|0|1|0|0I0I0|0|0I1|1|1|1IX|XIXIX| |
f | Fxxx (ERROR)
$-0-1720.0.2
Soft start :
Suitching off power (DC_ BUS CHARGING) [L_charg] :|g|0l1IXIXIXIXIXI§IXIXIXIXIXIXI>§)|
S$-0-1720 Charging DC bus
|0|0|0|0|0|0|0|0|1|1|1|1|x|x|x|x| S G e !
| capacitance
Error reaction
Switching on power depending on the
Activating ON contact error class
[(S-0-1720.01, bit12=1)
> Control and power 1 Bb
sections ready for operation|, — - voltage applied at HNA
ZKS input active (DC POWER OFF) (main contactor on) and Bb contact]
(mains contactor off) S.0172 closed, mains contactor off
oJoJo[o[o[o[o[o[* o[ €0500
IIIIIIIIIIIlelxIle‘ — | S
|
DC bus discharge 1 7KS I
(DC D|SCHARG|NG) lif Bb contact
S-0-1720.0.2 [5-0-1720.01, bit12=0] [S-0-1720.0.1, bit12=1] :Ope"
IX|X|X|XIX|1 |X|X|XIX|X|XIX |X|X|X| Switching off Switching on |
main contactor main contactor |
, !
ZKS input active !
(mains contactor ofy ] Ctrl section read)é for oper. | |1 bb I
S-0-1720.0.1, bit10=0 ( M A IN |
(S-0-1720.0.1, bit12=0) S-0-1720. F:;?sz?;iﬂzi bus is ready for power on !
|0|0|0|0|0|0|0|0|0|0|1 |0|X [x[x |X| | and the Off input at HNAOS (XG33, pin 4-5) is dlosed]_ _ | _ :
C0400 C0200 Switching to OM, PM
(S-0-0420) | |(S-0-0422)
Parameter mode 1 PM
Est‘ab\isthing communication with HNA
itializi 1
| Inltlallzmg | In?tlallezsmg the hardware
| Booting process | \M’
¥
Control voltage on
or
reset DC000207v03.fh
* If the Off input at HNAO5S (XG33, pin 4-5) is not connected or
interrupted, bit 5 remains on logic 0.
DCb DC bus
HNA Mains connection module
Fig. 3-11: Device control (general state machine)

Also see "Timing diagrams for device control".

For the state machine of master communication, we distinguish 2 characteris-
tics which differ with regard to their functionality and complexity:

° Sercos state machine
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° Field bus state machine

= The following sections only describe the most important states
which are described in detail in the section of the respective mas-
ter communication.

Sercos state machine  For the "Sercos" master communication, the following states specific to this
communication type are distinguished:

Cyclic process data P4 Communic.
communication phase 4

[}

|
Start
cyclic
communication

Operating mode

Checking
v S-0-0128 the drive

Cyclic process data P3 Communic. — €5200 parameters

communication phase 3

Checking the
v S'%grll ég Sercos
= settings

i Communic.
Acyclic parameter P2
communication pha“se 2 | *

Parameter mode

P1 Communic.
phase 1

i

Communic.
Po phase 0
A

Scanning the bus

Communic.
NRT P-1 e

T

Booting
process

DF000961v02_en.th

Fig. 3-12: State machine of the communication phases of the device according
to the Sercos specification

See also chapter "Sercos" in the functional description.

15y The currently valid communication phase is contained in parame-
ter "S-0-0014, Interface status" (bit 0...2).

Field bus state machine  For the field bus master communication, we distinguish the following states
specific to this communication type:
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Acyclic parameter
communication
— Data Exchange and

cyclic process data
communication

T Baud rate scan

I Check Config ‘ Load basic configuration
)

I Set Param l Check basic configuration
)

——{ Booting process l

DF000193v01_en.th

Fig. 3-13: State machine for field bus interfaces
See also sections on the respective variants of the field bus master communi-
cation.

Communication phases of master communication

Communication phases according
to Sercos specification
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The supported communication phases, as well as the handling of the switch-
ing between the communication phases (e.g. parameter and operating
mode), depend on the master communication that is used.

ISy

The currently valid communication phase is contained in parame-
ter "S-0-0014, Interface status" (bit 0...2).

According to Sercos specification, the individual communication phases
(states) have the following significance:

P-1: In this phase, the device can communicate via standard Ethernet
mechanisms.

PO: The master determines the topology (ring/line) in PO. The slaves de-
termine their topology addresses and communicate the addresses to the
master with the set Sercos address. At the end of PO, the master knows
the used Sercos addresses and their position in the topology.

P1: In P1, the service channels of the connected slaves are initialized by
the master.

P2: In phase 2, the device can be completely parameterized.

The following types of parameters can only be changed in phase 2:
—  Communication parameters (according to Sercos)

—  Configuration of power supply control

—  All factory-specific settings (can only be changed via master pass-
word)

P3: When changing from P2 —» P3, only the parameters that can be
changed in phase 2 (see above) are checked.
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In phase 3, the following parameters can be changed:
—  Parameters for operating mode configuration
—  Error reaction settings

—  Scaling and polarity parameters, position data format, modulo val-
ue

—  Configuration of analog and digital inputs/outputs

—  Configuration of switch-on / switch-off sequence of drive enable
(waiting times, ...)

= The parameter mode is divided into phase 2 and 3 according to
the Sercos specification. In phase 3, the limit values for all scal-
ing-dependent parameters are not yet known. When these pa-
rameters are written in phase 3, the extreme value check is only
carried out during phase switch to phase 4.

®  P4: In phase 4, the so-called "Operating mode", only cyclic data can be
changed, the configuration parameters cannot be changed anymore.
Switching to the operating mode always causes all functions available in
the device to be reinitialized.

During phase switching, comply with the following:

e  After the device has been switched on, it does not automatically go to
the operating mode, but has to be switched to this mode by the master.

®  This switching of the device to the operating mode is closely connected
to establishing the readiness for operation.

®  The procedure comprises several steps and is controlled by the master
by presetting communication phases -1 to 4 and starting/completing the
following commands:

- $-0-0127, C0100 Communication phase 3 transition check
- $-0-0128, C5200 Communication phase 4 transition check

= Sercos devices support all 5 communication phases (as well as
NRT phase). According to the Sercos specification, switching
takes place by specifying the communication phase via the mas-
ter.

Communication phases_ forfield For devices with field bus interface, there only is the status "Data Exchange",
bus interface  gpart from the basic initialization. In the status "Data Exchange", the following
device states are distinguished:

e  Parameter mode
®  Operating mode

Communication phases for analog  Basically, the same communication phases apply to devices with analog in-
interface  terface as for devices with field bus interface.

Switching always takes place when the transition check commands are exe-
cuted.

15 After IndraDrive has been switched on, it automatically changes
to the operating mode!
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Control and status words of master communication

The control word and status word of the respective master communication
are an essential part of the communication between the master communica-
tion master and IndraDrive.

Depending on the master communication, different parameters are used:
e  S-0-1720.0.1, Power supply control word

Alias:

P-0-2714, Power supply control word
®  S-0-1720.0.2, Power supply status word

Alias:

P-0-2715, Power supply status word

Commands and diagnostic messages for mode change and phase switch

Distinguishing the commands

Communication Phase 3 Transi-
tion Check

Bosch Rexroth AG R911385754 _Edition 02

According to the desired action, the commands are related to the following
groups:

®  Commands for changing between parameter mode and operating mode:

— 5-0-0420, C0400 Activate parameterization level procedure
command

- $-0-0422, C0200 Exit parameterization level procedure command

®  Commands for transition preparation to communication phases 3 and 4
(with Sercos only):

- S$-0-0127, C0100 Communication phase 3 transition check
- $-0-0128, C5200 Communication phase 4 transition check

= With Sercos, the command C0200 (S-0-0422) is automatically
called during the execution of command C5200 (S-0-0128). This
is why a diagnostic command message C02xx can be displayed
after the command C5200 has been started.

By executing the command "S-0-0127, C0100 Communication phase 3
transition check", a number of checks and parameter conversions are carried
out that can possibly cause the listed diagnostic command messages:

®  Checking validity of parameters required for switching to phase 3

If one of these parameters has never been written or the backup was
carried out incorrectly, the error message "C0101 Invalid parameters (->
S-0-0021)" is generated. The IDNs of the faulty parameters are listed in
parameter "S-0-0021, IDN-list of invalid operation data for CP2". These
parameters have to be set valid by writing correct values to them.

®  Checking device configuration

®  Checking telegram configuration, especially in the case of configured
telegrams

In this case a check is run to find out whether the parameters selected
for the configurable data block in the cyclic command value channel
(MDT) or actual value channel (AT) may be configured and whether the
allowed length of the configurable data blocks is complied with.

o If necessary, checking timing parameters for Sercos communication in
phases 3 and 4 for validity and compliance with boundary conditions.

®  Limit value check of communication parameters and system
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Communication phase 4 transition  With the command "S-0-0128, C5200 Communication phase 4 transition

check or "Exit parameterization  check" bzw. "S-0-0422, C0200 Exit parameterization level procedure

level procedure” command  command”; the following checks and initializations are carried out that can
possibly cause the listed command errors:

®  Checking whether functional package selection was changed
— 0299 Configuration changed. Restart

— Device has to be rebooted before it is possible to switch to the
operating mode (OM)

®  Checking validity of parameters required for subsequent initializations
—  C0201 Invalid parameters (->S-0-0423)
—  C0212 Invalid control section data (->S-0-0423)

®  Checking device configuration
—  C0223 Invalid settings for controller cycle times

® If necessary, check parameters for field bus communication for validity
and compliance with boundary conditions

—  C0229 Field bus: IDN for cycl. command val. not configurable
—  C0230 Field bus: Max. length for cycl. command val. exceeded
—  C0231 Field bus: IDN for cycl. actual val. not configurable
—  C0232 Field bus: Length for cycl. actual values exceeded
—  C0233 Field bus: Tcyc (P-0-4076) incorrect
—  C0234 Field bus: P-0-4077 missing for cycl. command values
e  Limit value check
— 0202 Parameter limit error (->S-0-0423)
—  C0203 Parameter conversion error (->S-0-0423)
® |nitializing fine interpolator
—  C0258 Error in relation TNcyc (S-0-0001) to fine interpol.
®  Checking interface configuration
—  C0242 Multiple configuration of a parameter (->S-0-0423)
®  Checking master communication
—  C0251 Error during synchronization to master communication

®  Checking whether boot error is present or firmware download has been
carried out

— 0298 Impossible to exit parameterization level
Checking whether it was possible to switch CCD group without error:
C0266 Incorrect CCD phase switch

"Error-free”" message  \When IndraDrive has reached communication phase 4 without error, the dis-
play reads "bb". The corresponding diagnostic message is:

e  A0013 Ready for power on

3.3 Control options / additional functions
3.3.1 Configurable signal control word
Brief description

The signal control word allows individual control bits, that are available in dif-
ferent parameters, to be written by a freely configurable collective parameter.
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Possible applications

Parameters involved
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The configurable signal control word is used to accept a maximum of 16 cop-
ies of bits from other device parameters.

This functionality can be used, for example,

e  for setting bits in device parameters and for starting commands via the
cyclic channel (master communication),

e for defining an application-specific combination of 16-bit wide control
and status words which can then be transmitted in the cyclic data chan-
nel.

= For Sercos and field bus interfaces the parameter "S-0-0145,
Signal control word" has to be configured in the cyclic data so that
the configured control bits are evaluated.

e  S-0-0027, Configuration list for signal control word

®  S-0-0145, Signal control word

e  S-0-0329, Assign list signal control word

®  S-0-0399, IDN-list of configurable data in signal control word

Notes on commissioning for the signal control word

Selection list

Configuring the IDNs

Configuring the bit numbers

Exceptions
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Only parameters contained in "S-0-0399, IDN-list of configurable data in
signal control word" can be assigned to parameter "S-0-0027, Configuration
list for signal control word".

In parameter "S-0-0027, Configuration list for signal control word", the IDNs
of those parameters are specified that are to be configured using the signal
control word (= targets).

The position of an IDN in this list defines which bit is assigned to which IDN
(targets) in the signal control word. For example, the first list element deter-
mines the parameter to which bit 0 of the signal control word is assigned.

Which bit of the selected parameters (= targets in parameter S-0-0027) is set
(or cleared) by the signal control word, has to be defined in parameter
"S-0-0329, Assign list signal control word".

= The number of entries in S-0-0329 determines how many entries
are processed of S-0-0027. It is necessary to make sure that the
lists in S-0-0027 and S-0-0329 have the same length.

Bit numbers from "0" (LSB) to "31" (MSB) can be entered.

= A maximum of 16 bits can be configured. The configuration al-
ways has to be carried out from the least significant to the most
significant bit. In other words, the position of the bit copy in the
signal control word results from the continuous configuration in
parameter "S-0-0027, Configuration list for signal control word".

e [f the assigned parameter is a command, the bit number in parameter
"S-0-0329, Assign list signal control word" is not relevant.
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= When cross communication is used in the "CCD system mode",
parameter "S-0-0145, Signal control word" is used for mapping
the control bits not contained in parameter "S-0-0134, Master
control word". That is why this parameter, in the CCD system
mode, has already been configured by default in the cyclic master
data telegram (MDT - S-0-0024)! In addition, other bits have
been permanently configured so that in this case the user can on-
ly define the bits 12 to 15!

Diagnostic messages and error messages

When entering data in the parameters "S-0-0027, Configuration list for signal
control word" and "S-0-0329, Assign list signal control word", the following
checks are run:

e If an IDN specified in parameter S-0-0027 is not contained in parameter
"S-0-0399, IDN-list of configurable data in signal control word", the error
message ""0x7008 Invalid data" is generated.

= In this case, only those inputs up to the faulty element are accep-
ted!

3.3.2 Configurable signal status word

Brief description

Parameters involved

The configurable signal status word is used to accept a maximum of 16 cop-
ies of bits from other device parameters. The user can thereby freely config-
ure a bit list with status bits. This allows a bit list to be defined which contains
all the important pieces of status information of IndraDrive for the control unit.

e  S5-0-0026, Configuration list for signal status word

®  S-0-0144, Signal status word

®  5-0-0328, Assign list signal status word

e  S-0-0398, IDN-list of configurable data in signal status word

Notes on commissioning for the signal status word

Configuring the IDNs

Configuring the bit numbers

In parameter "S-0-0026, Configuration list for signal status word", the IDNs of
those parameters are indicated that contain the original bits (sources). The
parameters that can be entered in the configuration list are contained in pa-
rameter "S-0-0398, IDN-list of configurable data in signal status word". The
position of an IDN in the list determines the bit in the signal status word the
IDN applies to. For example, the first list element determines from which pa-
rameter the bit 0 of the signal status word is taken.

Which bit of the parameters selected in "S-0-0026, Configuration list for
signal status word" is copied to the signal status word has to be defined in
"S-0-0328, Assign list signal status word".

Iy The number of entries in S-0-0328 determines how many entries
are processed of S-0-0026. It is necessary to make sure that the
lists in S-0-0026 and S-0-0328 have the same length.

Bit numbers from "0" (LSB) to "31" (MSB) can be entered.
Das Signal status word can have the following configuration:
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IDN of original pa- | Bit no. of original
Bit no. in signal sta- | rameter in parameter in
tus word (S-0-0144) | S-0-0026 S-0-0328 Significance
0 S-0-0424 0 Status .parameten-
zation level
Tab. 3-3: Example of configuration of the signal status word
= A maximum of 16 bits can be configured. The configuration al-

ways has to be carried out from the least significant to the most
significant bit. In other words, the position of the bit copy in the
signal status word results from the continuous configuration in pa-
rameter "S-0-0026, Configuration list for signal status word".

= When cross communication is used in the "CCD system mode",
parameter "S-0-0144, Signal status word" is used for mapping the
control bits not contained in parameter "S-0-0135, Drive status
word". That is why this parameter, in the CCD system mode, has
already been configured by default in the cyclic drive telegram
(AT - S-0-0016)! In addition, other bits have been permanently
configured so that in this case the user can only define the bits 12
to 15!

Diagnostic messages and error messages

When entering data in the parameters "S-0-0328, Assign list signal status
word" and "S-0-0026, Configuration list for signal status word", the following
checks are run:

®  Check whether the IDN specified in S-0-0026 has variable data length
(list parameter) or a so-called online read function. If yes, the service
channel error message "0x7008 Invalid data" is generated.

Parameters with online read functions generally are parameters with
physical units (voltages and currents), as well as the parameters
"S-0-0135, Drive status word" and "S-0-0011, Class 1 diagnostics".

= In this case, only those inputs up to the faulty element are accep-
ted!
3.4 Operation with master communication switched off
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As an alternative to master communication, supply units can also be control-
led via digital inputs and outputs. For this purpose, the master communication
interface has to be deactivated using the parameter "P-0-4089.0.1, Master
communication: Protocol".

Control is carried out using the parameter "S-0-1720.0.150, Power supply
ON/OFF". Observe the following aspects:

° For the KMV supply unit, the corresponding bits of the above parameter
have to be assigned to the digital inputs of the device.

o For the supply unit with HMU, the digital inputs of HNA are automatically
mapped to the parameter represented above. Control is directly carried
out using the digital inputs of HNA (see Project Planning Manual).

When power is switched on, the DC bus is charged via the soft start device
and the supply unit switches to the primary operation mode. By default this is
the "voltage control" mode.
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3.5 Sercos
3.5.1 Brief description
Topology

i .

o
4 " e
~ sercos

/’_,_,_,_/ the automation bus

!

i
"| |

Engineering via free Sercos port of a device at the bus
Engineering via optional Sercos netSWITCH

Engineering via IndraWorks on Sercos control

Engineering via routing using control unit (if routing control is
available)

Fig. 3-14: Engineering options via Sercos

It is possible to operate IndraDrive controllers with a MultiEthernet interface
(ET) or the optional module "Sercos" as Sercos master communication. Via
these modules, it is possible to exchange real-time data with a Sercos mas-
ter.

AWON -

We distinguish the following communication channels:
e  Cyclic data channel
— Channel for cyclic transmission of useful data (process data) in real
time
e  Acyclic data channel (service channel)
— Channel for acyclic transmission of useful data (service data)
¢  Non-real-time channel (NRT channel)
— Defined time slot within the cycle time for transmission of standard
Ethernet telegrams
Baud rate 100 Mbit/s

®  Cyclical data exchange of command values and actual values in equal
time intervals

General features
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e  Data transfer via Ethernet cable (CAT5e-copper)
®  Service channel for parameterization and diagnostics
®  Free configuration of telegram contents

®  Synchronization between time command value takes effect and feed-
back acquisition starting time for all devices on a ring

e  Qverall synchronization of all connected devices

Firmware-specific features BASIC
PSB-21VRS
Voltage controller clock Tyoltage MS 125/250
min us 250/500
Master communication cycle time
max ms 65
Motion data Teo =T . Byte 26
Sercos™ ! position
for MDT/AT respectively IDN 12
[excl. 2 byte connection control word T . Byte 50
S iti
(C_COI’])] ercos position IDN 16
CC connections Byte 12
[excl. 2 byte connection control word (C_Con)] IDN 2
Byte 10
Safety connections SMP con-
IDN .
tainer
Tab. 3-4: Sercos identification numbers

° IndraDrive supports 6 connections, 2 between control unit and device
and 4 CC connections for direct communication with one or several oth-
er nodes

= CC connections or connections for exchanging Safety data were
implemented in this firmware version in accordance with the
Sercos specification (SCP V1.1.2). For use and configuration, re-
fer to technical note "TN_332_CC-Verbindun-
gen_SERCOS3_EIDN.pdf"

Hardware requirements

Axis addressing  The axis address can be set directly using the control panel of the device.
This can be done using the so-called Easy Menu (see also "Standard control
panel").
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r T T T T T N\

| [A] |

I Adr 4 Enter I

: Adr. :

AVAIV N |

Slave [E@ : Adr 3 :
Address — Adr. 3 —* | Adr |
S-0-1040 Esc | |

ERAVAIVN |

: Adr. 2 |

| Adr. :

NAVA |

| )

e e e —— — —

DC000105v02.fh11
Fig. 3-15: Submenu for "Slave___"" Addresss”

Optionally, the address can be directly changed or displayed using the pa-
rameter "S-0-1040, Drive address of master communication". With Sercos,
the address can be set remotely and automatically via the master using re-
mote address assignment. This function has to be supported by the master,
e.g. the CCD master. On this topic, see chapter "Cross communication
(CCD)". The topology address of the device determined in communication
phase 0 (CPO0) is displayed in parameter "S-0-1042, Sercos: Topology index".

The axis address is always displayed in the left side of the standard display

Parameters involved

of the control panel.

Specific parameters for Sercos communication:

S-0-1000, Sercos:
S-0-1002, Sercos:
S-0-1003, Sercos:
S-0-1005, Sercos:
S-0-1006, Sercos:
S-0-1007, Sercos:
S-0-1008, Sercos:
S-0-1009, Sercos:
S-0-1010, Sercos:
S-0-1011, Sercos:
S-0-1012, Sercos:
S-0-1013, Sercos:
S-0-1014, Sercos:
S-0-1015, Sercos:
S-0-1016, Sercos:
S-0-1017, Sercos:

SCP Type & Version

Communication Cycle time (tScyc)
Allowed MST losses

Minimum feedback processing time (t5)
ATO transmission starting time (t1)
Feedback acquisition capture point (t4)
Command value valid time (t3)

Device Control (C-Dev) offset in MDT
Lengths of MDTs

Device Status (S-Dev) offset in AT
Length of ATs

SVC offset in MDT

SVC offsetin AT

Ring delay

Slave delay (P/S)

NRT transmission time

S-0-1019, Master comm. engineering over IP: MAC address
S-0-1020, Master comm. engineering over IP: IP address
S-0-1021, Master comm. engineering over IP: Network mask
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S-0-1022, Master comm. engineering over IP: Gateway address
S-0-1023, Sercos: SYNC jitter

S-0-1024, C5300 Sercos: SYNC delay measuring procedure command
S-0-1026, Sercos: Version of communication hardware
S-0-1027.0.1, Sercos: Requested MTU

S-0-1027.0.2, Sercos: Effective MTU

S-0-1028, Sercos: Error counter MST-P/S

S-0-1031, Sercos: Signal assignment TSx

S-0-1034, Sercos: PHY error counter Port1 and Port2

S-0-1035, Sercos: Error counter Port1 & Port2

S-0-1035.0.1, Sercos: Error counter P&S

S-0-1036, Sercos: Inter Frame Gap

S-0-1037, Sercos: Slave Jitter

S-0-1040, Drive address of master communication

S-0-1041, Sercos: AT Command value valid time (t9)

S-0-1042, Sercos: Topology index

S-0-1044, Sercos: Device Control (C-Dev)

S-0-1045, Sercos: Device Status (S-Dev)

S-0-1046, Sercos: Slave addresses of the device

S-0-1047, Sercos: Maximum Consumer Activation Time
S-0-1050.x.1, Sercos Connection: Connection setup
S-0-1050.x.2, Sercos Connection: Connection number
S-0-1050.x.3, Sercos Connection: Telegram assignment
S-0-1050.x.4, Sercos Connection: Max. length of connection
S-0-1050.x.5, Sercos Connection: Current length of connection
S-0-1050.x.6, Sercos Connection: Configuration list
S-0-1050.x.7, Sercos Connection: Connection class
S-0-1050.x.8, Sercos Connection: Connection control (C-Con)
S-0-1050.x.9, Sercos Connection: State

S-0-1050.x.10, Sercos Connection: Producer cycle time
S-0-1050.x.11, Sercos Connection: Allowed data losses
S-0-1050.x.12, Sercos Connection: Error counter data losses
S-0-1050.x.20, Sercos Connection: IDN allocation of real-time bit
S-0-1050.x.21, Sercos Connection: Bit allocation of real-time bit
S-0-1051, Sercos Connection: Image of connection setups
S-0-1060.x.1, Sercos Connectiontype: Default configuration
S-0-1060.x.2, Sercos Connectiontype: Configuration mask
S-0-1060.x.3, Sercos Connectiontype: Max. quantity of conn. Capability
S-0-1060.x.4, Sercos Connectiontype: Max. Length of Connection
S-0-1060.x.6, Sercos Connectiontype: Configurable IDNs
S-0-1060.x.7, Sercos Connectiontype: Min. processing time
S-0-1060.x.10, Sercos Connectiontype: Minimum producer cycle time
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3.5.2

Diagnostics involved

Sercos diagnostic LED

A0000 Communication phase 0
A0001 Communication phase 1
A0002 Communication phase 2
A0003 Communication phase 3
A0008 Sercos: NRT-Mode

49/305
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E4020 Sercos: Ring interruption (FF to LF)

F4001 Sync telegram failure
F4002 RTD telegram failure

F4003 Invalid communication phase shutdown

F4004 Error during phase progression

F4005 Error during phase regression

F4006 Phase switching without ready signal

F4017 Sercos: Incorrect sequence during phase switch
F4020 Sercos: Cable break (L+F to NRT)

Functional description

In IndraDrive, a diagnostic LED in accordance with the Sercos specification is
implemented, see also chapter "Diagnostic and status messages".

Blinking code

Function P
No Sercos
Telegrams 6
(NRT mode)
CPO 6
CP1 6
CP2 6
CP3 6
CP4 6
CPx —Loop- 5
back
Application-re- 4
lated C1D
S-Dev.Bit15
(MST warning)
C1D of

2

Communication

R911385754 _Edition 02 Bosch Rexroth AG



50/305

Master communication

IndraDrive Power Supply Basic PSB-21 Functions

Blinking code Function P

3.5.3 Sercos timing

C-Dev.Bit15

(Identification)

Internal watch-

dog 0
has triggered

P Display priority (1 = highest)

Black LED is off

CP communication phase

Tab. 3-5: Supported blinking codes and their significance to the diagnostic

LED correspond to the Sercos specification

In IndraDrive, the process data are processed in a synchronous way. The
characteristic of synchronous processing is that a master, via timing parame-
ters, can exactly define the time of actual value determination (and command
value acceptance). For the calculation, IndraDrive provides its time conditions
via parameters. The master sets the point in time of processing as TS
(S-0-1007, Sercos: Feedback acquisition capture point (t4)).

In the parameter "S-0-1005 Sercos: Minimum feedback processing time (t5)",
a slave specifies its maximum processing time (tmp-P) as a producer.

Rule: Process data (actual values) are transmitted in the AT block for which
the maximum processing time is completely within the beginning of the AT
block and the synchronization time TS.

The slave specifies its maximum activation time (tmp-C) as consumer in pa-
rameter "S-0-1047 Sercos: Maximum Consumer Activation Time".

Rule: Process data (command values) are taken from the telegram block
(MDT and/or AT) for which the maximum activation time is completely within
its telegram block end and the synchronization time TS.
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S-0-1017 (t6)
S-0-1017 (17)
S-0-1002 (tScyc)
DKO000371v01.fh
MDT Master data telegram
AT Response telegram
NRT Non real-time
TS Synchronization time

S-0-1002 Sercos: Communication Cycle time (tScyc)
S-0-1005 Sercos: Minimum feedback processing time (t5)
S-0-1006 Sercos: ATO transmission starting time (1)
S-0-1007 Sercos: Feedback acquisition capture point (14)
S-0-1047 Sercos: Maximum Consumer Activation Time
S-0-1017 Sercos: NRT transmission time; start (t6)
S-0-1017 Sercos: NRT transmission time; end (t7)

Fig. 3-16: Telegrams
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Topology

;NII-

EE LD

| FthercAT

X24

Technology Group

DFO00730v01

X258

General features

Engineering using EoE via optional Ethernet switch port

Engineering using EoE via optional Ethernet switch port

Engineering using ADS interface via third-party control

or Engineering using EoE (control includes switch port)
Engineering options with EtherCAT®

WN -

Fig. 3-17:
IndraDrive controllers with MultiEthernet interface (ET) can be operated as
EtherCAT® master communication. Via these modules it is possible to ex-
change real-time data with an EtherCAT® master. The "Servo Drive Profile
over EtherCAT® (SoE)" is supported, it is based on the drive profile from the
SERCOS Il specification.

We distinguish the following communication channels:
e  Cyclic data channel (process data)

- Data container for cyclic transmission of useful data (process data) in
real time

Acyclic data channel (service channel)

— EtherCAT® mailbox method for acyclic transmission of useful data
(service data)

Non-real time channel [Ethernet over EtherCAT® (EoE)]

- Transmission of Ethernet telegrams via an EtherCAT® mailbox meth-
od [Ethernet over EtherCAT® (EoE)]

Baud rate 100 Mbit/s

Data transmission via Ethernet cable (CAT5e-copper)

Topology: "Line"

Access to 16 bit Sercos parameters of the device via "SoE" protocol
("Servo Drive Profile over EtherCAT®" protocol)

EtherCAT® mailbox method for parameterization and diagnostics
Cyclic data exchange of command values and actual values
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Free configuration of telegram contents

Max. length of the configurable MDT/AT data, 15 IDNs with max. 48
bytes; if bus clock = position clock, the max. length is reduced by half to
24 bytes

Cycle time: min. 500 ys (multiples of the position cycle time can be set)

Optional synchronization via "distributed clock synchronization" (exact
adjustment of distributed clocks)

Synchronization between time command value takes effect and feed-
back acquisition starting time for all devices on a ring when using Dis-
tributed Clocks

Overall synchronization of all connected devices to the master when us-
ing Distributed Clocks

Non-synchronous operation without synchronization via "Distributed
Clock" is possible

"CAN over EtherCAT®" (CoE) is not supported
Only released in conjunction with "Beckhoff-TwinCAT"

The axis address can be set directly using the control panel of the device.
This can be done using the so-called Easy Menu, see also"Standard control
panel". Alternatively, the address can be directly changed or displayed via
the parameter "P-0-4089.0.3, Device address". The topology address of the
device is assigned by the master and displayed in parameter "P-0-4089.0.4,
Active device address", and cannot be changed. For EtherCAT®, this ad-
dress us used as the "device identification value/2nd Address".

P-0-4089.0.3, Device address
P-0-4089.0.4, Active device address

S-0-0002, Sercos cycle time (TScyc)

S-0-0005, Minimum feedback acquisition time (T4min)
S-0-0007, Feedback acquisition starting time (T4)
S-0-0014, Interface status

S-0-0015, Telegram type parameter

S-0-0016, Configuration list of AT

S-0-0024, Configuration list of MDT

S-0-0029, MDT error counter

S-0-0097, Mask class 2 diagnostics

S-0-0098, Mask class 3 diagnostics

S-0-1720.0.01, Power supply control word

Alias:

P-0-2714, Power supply control word

S-0-1720.0.02, Power supply status word

Alias:

P-0-2715, Power supply status word

S-0-0185, Length of the configurable data record in the AT
S-0-0186, Length of the configurable data record in the MDT
S-0-0187, List of configurable data in the AT

S-0-0188, List of configurable data in the MDT
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S-0-0301, Allocation of real-time control bit 1

S-0-0303, Allocation of real-time control bit 2

S-0-0305, Allocation of real-time status bit 1

S-0-0307, Allocation of real-time status bit 2

S-0-0413, Bit number allocation of real-time control bit 1
S-0-0414, Bit number allocation of real-time control bit 2
S-0-0415, Bit number allocation of real-time status bit 1

S-0-0416, Bit number allocation of real-time status bit 2

C0101 Invalid parameters (-> S-0-0021)

C0104 Config. IDN for MDT not configurable

C0105 Maximum length for MDT exceeded

C0106 Config. IDNs for AT not configurable

C0107 Maximum length for AT exceeded

C0108 Time slot parameter > Sercos cycle time

C0112 Set timing not permissible

C0113 Relation TNcyc (S-0-0001) to TScyc (S-0-0002) error
C0114 T4 > TScyc (S-0-0002) - T4min (S-0-0005)

C0201 Invalid parameters (->S-0-0423)

C0299 Configuration changed. Restart

E4005 No command value input via master communication
F4002 RTD telegram failure

F4009 Bus failure

3.6.2 Notes on commissioning

Rexroth provides a commissioning manual which explains the essential steps
for commissioning an IndraDrive device with EtherCAT® at BECKHOFF
TwinCAT (see documentation "Rexroth IndraDrive, IndraDrive with Ether-

Diagnostic LEDs

CAT, Example with Beckhoff TwinCAT", DOK-INDRV*-ECAT*BECK**-CO,
mat. no.: R911341345).
= e The LED H24 at IndraDrive is used to diagnose the Ether-

CAT® communication.

®  To diagnose the physical EtherCAT® connection, the PHY
LEDS at the RJ45 connectors of the master communication
module are used.
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N = O H10
S |E
x| O H11
by = O H12
g |E
<[ O H13
DA000469v01_nn.FH11
Fig. 3-18: ET, display elements

Display elements of optional module ET:

e  Two LEDs (H10, H11 und H12, H13) at each connection point

®  One bicolor LED (H24)

The significance of the LED displays depends on the field bus system.

LED Significance Color/flashing pattern Description
H10, H12 None - With EtherCAT, these LEDs have no function
H11, H13 Link O No connection to the network
Off
* Connection to network available, but no tele-
gram exchange (EtherCAT bus inactive)

Permanently lit green

~.. Connection to network available with telegram
o, exchange (EtherCAT bus active)

Flickering green
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LED Significance Color/flashing pattern Description
H24 Status O ° Cyclic process data and acyclic data
INIT Off channel are not transmitted
. No error
Status .. Acyclic data channel is transmitted

PRE-OPERATIONAL

DG

B Dy

Flashing green

Status
SAFE-OPERATIONAL

"
o n s

R g
.....
Carh g

DG

BEEEEE Dy

Green, one LED lighting up

Acyclic data channel is transmitted

Status
OPERATIONAL

*_

Permanently lit green

Cyclic process data and acyclic data channel
are transmitted

DA

Configuration error ~.. General EtherCAT configuration error
| [EIRR
Flashing red
Synchronization error o= . The device has not been synchronized to
% the EtherCAT master

BEEEEE Dy

Red, one LED lighting up

. Communication error of the device

Timeout - watchdog

HEIEEEEEE DY

Red, two LEDs lighting up

. Timeout while cyclic process data are
monitored

. Watchdog of the EtherCAT master

1) Flashing pattern: One square corresponds to a duration of
200 ms; the arrow marks the end of a cycle; abbreviations on
the squares: GN = LED permanently lit green, RD = LED per-
manently lit red, -- = LED is off

Tab. 3-6: EtherCAT® display elements

= The yellow PHY-LED is not used in EtherCAT®

Pulse-pause relation of the diag-

nostic LEDs
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on
. .200,] 200,
Flashing ms -1 ms
off
One LED °" 500, 1000 200
lighting up ms ms ms
off]
on —
fuo LESs 7 200 ) 200 L20o, i
ighting u
IMING P ¢
DK000302v01_en.th
Fig. 3-19: Pulse-pause relation

3.7 EtherNet/IP(TM) interface
3.7.1 Brief description

Topology

DFO0O0731v01

1 Engineering via inactive EtherNet/IP™ port of a node at the
bus

2 Engineering using optional industrial Ethernet switch

3 Engineering using third-party control is not possible

Fig. 3-20: EtherNet/IP(TM) topology

IndraDrive controllers with MultiEthernet interface can be operated as
EtherNet/IP™ master communication. This module can be used to exchange
real-time data with an EtherNet/IP™ scanner.
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Parameters involved
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Real-time data can be transmitted via this interface using an 1/0O connection
(Class 1 connection).

To achieve high system flexibility, all data are accessible via objects. With
Ethernet/IP™ interfaces, these objects can be addressed via class, instance
and attribute. Some of these objects can be assigned to the 1/0 connection
as real-time data and thus be cyclically transmitted. There is also the option
of transmitting via "Explicit Message", but no objects defined in the real-time
channel (P-0-4081) may be written by the master via "Explicit Message".

e  Baud rate 100 MBit/s (full duplex)
e Data transmission via Ethernet cable (CAT5e-copper)
e  Topologies: "Star", "line" (with integrated cut through switch)

e  Autonegotiation is supported; the transmission rate listed above is re-
quired

e  Profile type is "Generic Device", specified in ODVA 2.0 (Open Device-
Net Vendors Association)

e  EtherNet/IP™ Level 2 server
e  Cyclic exchange via "Ethernet/IP™ |/O messaging" (Class 1)

e  Acyclic data exchange via "Ethernet/IP™ Unconnected Explicit Messag-
ing" and "Explicit Messaging" (Class 3)

® The smallest supported cycle time (APl — Actual Packet Interval) is
2 ms.

e  Configurable cyclic data up to 15 parameters (incl. field bus control word
and field bus status word) in both data directions (max. 48 bytes or
24 words)

= e It is recommended that the industrial Ethernet network not
be coupled with a company network (office communica-
tions). (Alternatively, a Level 3 router can be used to connect
the industrial Ethernet network to a company network.)

® |tis recommended that only switches with cut through meth-
od be used for industrial Ethernet communication.

e |t is recommended that a star topology with cable type
AWG22 or shielded cables be used, particularly for cables
that exit the control cabinet and for cables longer than 10
meters.

With EtherNet/IP the master communication address is an |IP address. It is
set in "P-0-4089.0.13, Master communication: IP address".

= The device address set in "P-0-4089.0.3, Device address" is ap-
plied to the parameter "P-0-4089.0.4, Active device address" after
the device has been restarted. This address is shown on the dis-
play and is not relevant for the EtherNet/IP communication!

P-0-4073, Field bus: Diagnostic message

e  P-0-4074, Field bus: Data format

e  P-0-4075, Field bus: Watchdog

e P-0-4076, Field bus: Process data - updating clock

° P-0-4079, Field bus: Baud rate

®  P-0-4088, Master communication: Drive configuration
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o P-0-4089.0.2, Master communication: Device name

e  P-0-4089.0.10, Master communication: MAC address device
o P-0-4089.0.13, Master communication: IP address

e  P-0-4089.0.14, Master communication: Network mask

e  P-0-4089.0.15, Master communication: Gateway address
Profile type parameters

Apart from mere communication parameters, parameters are used in con-
junction with the profile types.

See "Profile types (with field bus interfaces)"

Parameters for extended communication

Additional parameters are used for extended communication.
See the following sections:

e  "Configurable signal control word"

®  "Configurable signal status word"

®  (C0229 Field bus: IDN for cycl. command val. not configurable

® (0230 Field bus: Max. length for cycl. command val. exceeded

e  (C0231 Field bus: IDN for cycl. actual val. not configurable

® (0232 Field bus: Length for cycl. actual values exceeded

e (0233 Field bus: Tcyc (P-0-4076) incorrect

®  (C0234 Field bus: P-0-4077 missing for cycl. command values

® (0299 Configuration changed. Restart

o E4005 No command value input via master communication

®  E4006 Communication module overload

e  E4011 Communication watchdog: Overload of cyclic communication
®  F4009 Bus failure

®  F4011 Communication watchdog: Overload of cyclic communication

3.7.2 Configuration of the Ethernet/IP (TM) slaves

EDS File

For each EtherNet/IPP™ device, an EDS file (*.EDS) is required which con-
tains the data required for operating the device at the field bus. This file is re-
quired for each node when configuring the bus masters supporting the EDS
file.

The EDS file for IndraDrive is an ASCIl file with the name
"IndraDrive_EIP_MPx18.EDS".

Setting the IP address of the slave
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The setting is either selected manually or via a menu, or via the "IndraWorks"
commissioning tool.

The IP address for the EtherNet/IP™ adapter is saved in parameter
"P-0-4089.0.13, Master communication: IP address", the subnet mask in pa-
rameter "P-0-4089.0.14, Master communication: Network mask" and the
gateway address in parameter "P-0-4089.0.15, Master communication:
Gateway address".
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Configuring the cyclic data

Master communication

= The device address set in "P-0-4089.0.3 Device address" is ap-
plied to the parameter "P-0-4089.0.4 Active device address" after
the device has been restarted. This address is shown on the dis-
play and is not relevant for the EtherNet/IP communication!

Iy This IP address is only relevant for communication with the scan-
ner! The engineering address (S-0-1020, Master comm.
engineering over IP: IP address) has to be used for Engineering
(e.g., IndraWorks).

Parameters for configuring the cyclic data (P-0-4080 and P-0-4081) can con-
tain a maximum of 15 elements each. The maximum length is limited to
24 words.

Setting options via "P-0-4076, Field bus: Process data - updating clock", min.
2 ms, max. 65 ms (can be set in steps of 1 ms).

= The parameter "P-0-4076, Field bus: Process data - updating
clock" is used to set the update cycle with which the data from the
MultiEthernet interface are applied to the device and vice versa.

3.7.3 Specification of the EtherNet/IP(TM) interface

With the EtherNet/IP™ interface switched on, IndraDrive works as a level 2
device. This means that the device makes available one server each for im-
plicit messages (Class 1) and explicit messages (Class 3). Explicit messages
are limited to standard objects.

The implemented Ethernet/IP™ object directory contains the objects speci-
fied for a "Generic device™:

e  |dentity Object (0x01)

®  Message Router Object (0x02)

e  Ethernet Link Object (OxF6)

e  TCP/IP Object (0xF5)

e  Port Object (OxF4)

e  Connection Manager Object (0x06)
®  Assembly Object (0x04)

3.74 Cyclic communication via the process data channel (Class 1)
EtherNet/IP(TM) connection types

With IndraDrive as EtherNet/IP™ slave, parameters can be cyclically trans-
mitted via an 1/O container. Use an "Exclusive Owner Connection" (transport
class-1) or a "Listen Only Connection" (transport class-1) to access the pa-
rameters.

With the "Exclusive Owner Connection", the EtherNet/IP™ input image is
transmitted to the device by way of "point-to-point" connection. The output
image can be transmitted by way of "point-to-point" or "multicast" connection.

With an already existing "Multicast-Exclusive Owner Connection", a second
master can, with a "Listen Only Connection", read the EtherNet/IP™ output
image of IndraDrive. In this case, a "heartbeat connection point" is used as
consuming connection point, and the same connection point as for the "ex-
clusive owner connection" is used as producing connection point.
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Master (originator) Slave (target)

Point-to-point

Producer Consumer

EtherNet/IP output image EtherNet/IP input image

Point-to-point Producer

Consumer

EtherNet/IP input image EtherNet/IP output image

DF000302v03_en.th

Fig. 3-21:

EtherNet/IP(TM) connection type 'point-to-point”

Master (originator) Slave (target)

Point-to-point

Producer Consumer (0x65)

EtherNet/IP output image EtherNet/IP input image

Consumer Multicast Producer (0x66)
LY
EtherNet/IP input image \@?” EtherNet/IP output image
§°
pointto-point | Listen Only (OxFF)
Producer I Heartbeat
Heartbeat
Consumer f

EtherNet/IP input image

DF000303v01_en.th

Fig. 3-22:

EtherNet/IP(TM) connection type "multicast”

For the cyclic I1/0 data channel ("Implicit Message"), IndraDrive makes availa-
ble a consumer and producer, i.e. it consumes the command values from the
master and produces the actual values for the master.

Communication in this case runs via a UDP protocol; the direction from mas-
ter to slave is transmitted with unicast telegrams, the opposite direction is
transmitted with multicast telegrams.

Characteristic of the cyclic data transmission
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Features

The lowest cycle time supported by IndraDrive (APl - Actual Packet In-
terval) is 2 ms.

Der "Idle/Run header" of the EtherNet/IP™ interface is supported
(32 bit). The header is not visible in the cyclic I/O image of IndraDrive.
The reaction of IndraDrive to the Idle/Run Header is defined via the set-
tings of the setting-up mode (easy startup mode).

The consumer instance of IndraDrive monitors the cyclic transmission of
the master output image via a so-called "TimeOut" time which the mas-
ter determines when the connection is established.

The monitoring time is calculated according to the formula below:

t = TM = AP
TM = 2 (TR 4 2
t monitoring time (in ms)
™ TimeOut Multiplier
API Actual Packet Interval
T™MV TimeOut Multiplier value
Fig. 3-23: Calculating the moniforing time in two steps
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TMV ™ API (in ms) t (in ms)

0 4 2 8

0 4 5 20
1 8 2 16
1 8 5 40
2 16 2 32
3 32 2 64
4 64 5 320
2 16 10 160

Tab. 3-7: Exemplary values for the monitoring time

In most of the configuration user interfaces, it is possible to directly enter the
"TimeOut multiplier", the user then does not have to take the first formula into
consideration.

Configuring the cyclic process data

Configure the cyclic channel by parameterizing "P-0-4080, Field bus: Config.
list of cyclic actual value data ch." and "P-0-4081, Field bus: Config. list of
cyclic command value data ch.".

On the level of Ethernet/IP™ communication, a static output assembly in-
stance (class 4, instance 101) and a static input assembly instance (class 4,
instance 102) are created in the cyclic channel. The data direction in this
case is written from the master's point of view. If the parameterization of
P-0-4080 and P-0-4081 is changed, new assembly instances are created
during the transition from parameter mode (PM) to operating mode (OM) or
when changing the data length of a CCD slave. Thus, the communication is
interrupted.

3.7.5 Acyclic parameter access via "Explicit Message" (Class 3 / UCM)
General information on parameterization

To enable parameterization via EtherNet/IP™ interface, all IDN parameters
can be reached via a manufacturer-specific class object with the correspond-
ing instances for each IDN parameter. The IDN parameters can be ad-
dressed either via an "unconnected explicit message" (UCM) or via a "con-
nected explicit message" (class 3).

By using acyclic parameter access via "Explicit Message" (Class
Q 3/UCM), only IDN parameters can be accessed. EIDN, see also
"Notes on parameter accesses"

= It is not possible to operate the field bus control word via an "ex-
plicit message". To enable axis control, the cyclic data channel
has to be used in the higher-level control unit in accordance with
the specification "Class 1 Connection", or the corresponding logic
has to be programmed with permanent control in MLD. If the con-
trol does not have a "class 1 connection", no axis control takes
place without MLD.
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Addressing

For EtherNet/IP communication, the objects are addressed according to the
following pattern:
Class — Instance — Attribute

Class  All parameters of a sub-device (e.g., supply unit) are mapped to the manufac-
turer-specific classes 100 (0x64) + sub-device index; i.e. sub-device 0 -->
class 100, sub-device 1 --> class 101,..., sub-device 98 --> class 198.

Instance  The instance number is identical to the IDN of the parameter.

Bit Significance

15 0: Standard data (standardized)
1: Product data (specified by the manufacturer)

14...12 Parameter sets from 0 to 7

1...0 Data block number from 0 to 4095

Tab. 3-8: Structure of the IDN
The instance number can be calculated with the following formula:

Inst = (32768 < type) + (4096 : set) + block

nst instance number

type parameter type (0 for S-parameters and 1 for P-parameters)
set set number

block Data block number

Fig. 3-24: Calculating the instance number

Attribute  The format of the parameter depends on the attribute number.
The operating data can have four different formats:
e  Data length 2 byte - W
e  Datalength 4 byte - L
e  ASCII text with max. length of 64 bytes -T
There are three types of parameters:
®  Single parameters
e  Command parameters
® List parameters
Independent of its type, each parameter has these attributes (read-only):

No. Name Function Format

0 Number of elements Number of supported ele- w
ments

1 IDN Sercos identity number T[8]
(IDN)

2 Name Parameter name T [60]

3 Attribute Display mode of the param- L
eter

4 Unit Parameter unit T[12]
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No. Name Function Format
5 Min. input value Min. possible value of the W/L/T
data
6 Max. input value Max. possible value of the W/L/T
data
Tab. 3-9: Basic attributes of a parameter

Depending on its type, each parameter has other attributes of different signifi-
cance:

No. Name/function Format
7 Operating data WIL/T
8 Max. number of list elements / length of text L
9 Actual number of list elements / length of text L
10 Pointer to the element, accessed from the next access to L

element 11 - 20.

11 Action for 1 list element (list pointer is moved along) W/L/T
12 Action for 2 list element (list pointer is moved along) WIL/T
13 Action for 3 list element (list pointer is moved along) WILIT
14 Action for 4 list element (list pointer is moved along) WIL/T
15 Action for 5 list element (list pointer is moved along) WILIT
16 Action for 6 list element (list pointer is moved along) WI/L/T
17 Action for 7 list element (list pointer is moved along) WILIT
18 Action for 8 list element (list pointer is moved along) WILIT
19 Action for 9 list element (list pointer is moved along) WI/L/T
20 Action for 10 list element (list pointer is moved along) WIL/IT

Tab. 3-10: Type-dependent attributes of a parameter

Accessing single parameters

Accessing texts

The value can be accessed by writing and reading the operating data of the
parameter. For single parameters, the number of attributes is the value "7".

The value can be accessed by writing and reading the operating data of the
parameter. The maximum length of the text and the actual length of the text
can be read with attributes 8 and 9. Additionally, a text can be treated like a
1-byte list. During the access to parameter texts, the number of attributes re-
sults in value "20".

Accessing command parameters

Accessing list parameters

A command can be started by writing "3" to the operating data, the command
status is obtained by read-accessing the operating data. With access to com-
mand parameters, the number of attributes is the value "7".

The maximum list size can be determined by reading the maximum quantity
of data of the parameter (attribute 8). The real size is stored in the actual
quantity of data of the parameter (attribute 9) and can be modified unless the
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list is write-protected. All data refer to the parameter format. The pointer to
the data (attribute 10) determines which data in the list is processed. If the
value of the data is zero, the pointer is automatically modified in the following
situations:

®  Zero is loaded when changing from another parameter to this parame-
ter.

®  After each access to the operating data, the pointer is incremented by
the number of elements which were read.

By accessing attribute 11, one element is processed, when accessing attrib-
ute 12, two elements are processed etc. up to attribute 20 for processing
10 elements. The pointer is increased by the processed elements. With ac-
cess to list parameters, the number of attributes is the value "20".

= For successful access to the operating data, the pointer has to be
smaller than the actual length.

The parameters "S-0-0398, IDN-list of configurable data in signal status
word" has 18 list elements and is to be read:

®  Calculate instance with formula
Input:
—  P-parameter - type = 1
—  Parameterset0 - set=0
—  Data block number 72 - block = 72
- Instance = 32840
® Read: class 100, instance 32840, attribute 9 = 18 (actual length)
e  Write: class 100, instance 32840, attribute 10 = O (list pointer)
o Read: Class 100, instance 32840, attribute 11 = element 0
- List pointer now automatically pointing to 1
® Read: class 100, instance 32840, attribute 20 = elements 1 to 10
- List pointer now automatically positioned on 11
® Read: Class 100, instance 32840, attribute 12 = element 11, 12
— List pointer now automatically pointing to 13
®  Read: Class 100, instance 32840, attribute 15 = elements 13 to 17
- List pointer now automatically positioned on 18
® Read: class 100, instance 32840, attribute 10 = 18 (pointer)

Another access to the operating data would not supply any data without load-
ing the list pointer again (list pointer = actual length). The number of attrib-
utes supplies the value "20".

List elements are not directly stored in permanent form. Storage takes place
by one of the following actions:

®  Writing the last element of the list

®  Read-accessing the list

®  Accessing a different parameter

®  Abortion of connection

When the control voltage fails, all changes which were not stored are cleared!
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Error codes at parameter access

When a vendor-specific error occurs during parameter access, the additional
error code provides information on the cause of the error.

The following table lists the most important error codes.

Error no. (hex) Significance

0x03 Invalid parameter value

° Value is smaller than minimum input value
. Value is greater than maximum input value
. Incorrect value

U Invalid indirect addressing

. Procedure command not executable (invalid or false pa-

rameters)
O0x0E Parameter cannot be changed
0x0F Parameter is password-protected
0x10 Parameter is write-protected

° Parameter is write-protected at this time

. Parameter write-protected, as cyclically configured in
MDT

° parameter is write protected at this time, due to other set-
tings (parameter, operation mode, drive enable...)

. Command can currently not be executed (e.g., in this
phase procedure command cannot be activated)

0x13 Parameter transmitted too short
0x15 Parameter transmitted too long
Ox1F . Procedure command already active

U Procedure command not interruptible

Tab. 3-11: Error codes and their significances at parameter access
3.7.6 Diagnostic and status messages
Diagnostic message via display

The diagnostic displays via LED (module status, network status), required ac-
cording to EtherNet/IP™ specification, have been implemented by the corre-
sponding display messages and the network status LED.
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Fig. 3-25: ET, display elements

Display elements of optional module ET:

e  Two LEDs (H10, H11 und H12, H13) at each connection point

®  One bicolor LED (H24)

The significance of the LED displays depends on the field bus system.

Since the EtherNet/IP™ functionality is not an individual module, the module
status is covered by the error messages of the device.

Network status ~ The network status of the EtherNet/IP™ unit is displayed via the "Network
status LED"
LED Significance Color Description
H10, H12 Status o Data transmission running
Permanently lit yellow
H11, H13 Link alg Connection to network available
Permanently lit green
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LED Significance Color Description
H24 Not active @) Interface has been switched off (24V supply) or
Off has no IP address
Not connected ~.. Interface has an IP address, but no connection
Flashing green
Connected * Connection to network available, data transmis-
sion running

Permanently lit green

Timeout .. Existing connection was aborted
Flashing red
Invalid IP address Assigned IP address is already used by another
* device

Permanently lit red

Self test o After switching on, interface carries out a self
..~ test

Flashing red-green

Tab. 3-12: EtherNet/IP™ display elements
Diagnostic messages of IndraDrive

IndraDrive diagnostic messages and their significances in conjunction with
Ethernet/IP™ master communication:
e  E4005 No command value input via master communication

- The master is in stop mode and the EtherNet/IP™ stack is in "IDLE"
state or the master has specifically aborted the 1/0 connection and the
EtherNet/IP™ stack thereby is in the "CLOSED" state.

° F4009 Bus failure

- The master has not received any telegram within the watchdog time.
The watchdog time is calculated from the "Time Out" formula explained
under 1.4.2.

3.8 PROFINET®
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3.8.1 Brief description

Topology

ol
T
=
[

==y

- DFO00732v01

1 Engineering via inactive PROFINET® port of a node at the bus
2 Engineering using optional industrial Ethernet switch

3 Engineering using third-party control via TCl is not possible
Fig. 3-26: Engineering options with PROFINET®

IndraDrive controllers with MultiEthernet interface (ET) can be operated with
PROFINET® master communication. Via this module it is possible to ex-
change real-time data with a PROFINET® controller.

The field bus provides data containers in which useful data can be cyclically
transmitted. This section is referred to as cyclic data channel (PROFINET®).

The cyclic data channel is divided as follows:

®  One (optional) device-specific parameter channel for reading and writing
of all parameters via PROFINET®.

= The device-specific parameter channel does not fulfill any "real-
time properties"!

®  One (optional) safe, axis-specific process data channel (PROFIsafe).

The safe, axis-specific process data channel is not available in
PSB21VRS. For configuration, however, the module "F-Module
not used" has to be integrated!

®  One axis-specific process data channel (real-time channel) which con-
tains specified information that can be directly interpreted by the receiv-
er.
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Controller — Device |Param. channel| PROFIsafe |Ctr| word, cmd values‘

Device — Controller |Param. channel| PROFlsafe |Statusword,act.value4

Safe Not safe

DF000422v01_en.th11

Fig. 3-27: Cyclic data channel overview

I

To simplify field bus communication, there are PLC function
blocks for different programmable logic controllers (PLCs) availa-
ble. The function blocks support the basic functionalities of the ax-
is-specific process data channel and device-specific parameter
channel. The principles applied can be easily used for other
PROFINET® controllers.

The PROFINET® device interface with MultiEthernet interface has the follow-
ing features:

Ethernet in accordance with IEEE 802.3 and prioritization in accordance
with IEEE 802.1Q

Baud rate 100 Mbit/s
Data transmission via Ethernet cable (CAT5e-copper)
Topologies: "Star", "line" (with integrated cut through switch)

Assignment of the IP addresses via DCP protocol (Discovery and Basic
Configuration)

The smallest supported cycle time (I/O cycle updating time) is 2 ms.

The 10 cycle updating time is written by the control unit and is the
time cycle in which the process data from the PROFINET network
are applied to the MultiEthernet interface and written in the other
direction.

Configurable cyclic data up to 15 parameters (incl. field bus control word
and field bus status word) in both data directions (max. 48 bytes or
24 words)

Setting options via "P-0-4076, Field bus: Process data - updating clock",
min. 2 ms, max. 65 ms (can be set in steps of 1 ms).

The parameter "P-0-4076, Field bus: Process data - updating
clock" is used to set the update cycle with which the process data
from the MultiEthernet interface are applied to the device and vice
versa.
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Parameters involved
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In the planning, assembly and commissioning of an installation,
the following guidelines are referred to (designation: PROFINET

trilogy):

®  Planning guideline

®  Assembly guideline

e  Commissioning guideline

The guidelines are provided by the administrative office of the
PNO (PROFIBUS Nutzerorganisation e. V.).

It is recommended that

e the industrial Ethernet network not be coupled with a compa-
ny network (office communications). (Alternatively, a Level 3
router can be used to connect the industrial Ethernet net-
work to a company network.)

e  only switches with cut through method be used for industrial
Ethernet communication

® a star topology with cable type AWG22 or shielded cables
be used, particularly for cables that exit the control cabinet
and for cables longer than 10 meters

Additional optional parameter channel in the cyclic channel with up to 16
bytes (8 words)

LED for diagnosing PROFINET® status (network status)
LEDs for displaying the link/activity status
CCA and RT_CLASS_1 are supported

Diagnostic messages and alarms are not used due to reasons of com-
patibility with IndraDrive with the PROFIBUS® master communication
module.

PROFINET® IRT is not supported.
Operation in PROFINET® IRT networks is not possible
Supported field bus profile is 0x0000: "no profile" selected

A node in PROFINET is addressed using the so-called device name. This
name is saved in P-0-4089.0.2 and can be changed there.

ISy

The device address set in "P-0-4089.0.3, Device address" is ap-
plied to the parameter "P-0-4089.0.4, Active device address" after
the device has been restarted. This address is shown on the dis-
play and is not relevant for the PROFINET communication!

Communication parameters
Specific parameters for communication via PROFINET®:

P-0-4089.0.11, Master communication: MAC address Port1
P-0-4089.0.12, Master communication: MAC address Port2

Parameters for general communication via field bus interfaces:

P-0-4073, Field bus: Diagnostic message
P-0-4074, Field bus: Data format

P-0-4075, Field bus: Watchdog

P-0-4076, Field bus: Process data - updating clock
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e  P-0-4079, Field bus: Baud rate

e  P-0-4083, Parameter channel: Length

° P-0-4083.0.1, Parameter channel: Configuration

e  P-0-4088, Master communication: Drive configuration

e P-0-4089.0.2, Master communication: Device name

e  P-0-4089.0.10, Master communication: MAC address device
e  P-0-4089.0.13, Master communication: IP address

° P-0-4089.0.14, Master communication: Network mask

e  P-0-4089.0.15, Master communication: Gateway address
Profile type parameters

Apart from mere communication parameters, parameters are used in con-
junction with the profile types.

See "Profile types (with field bus interfaces)"

See also "Engineering/diagnostic interfaces”

Parameters for extended communication

Additional parameters are used for extended communication.
See the following sections:

e  "Configurable signal control word"

e  "Configurable signal status word"

Diagnostic messages involved e  C0229 Field bus: IDN for cycl. command val. not configurable
e  (C0230 Field bus: Max. length for cycl. command val. exceeded
e (C0231 Field bus: IDN for cycl. actual val. not configurable
e  (C0232 Field bus: Length for cycl. actual values exceeded
e (C0233 Field bus: Tcyc (P-0-4076) incorrect
e (C0234 Field bus: P-0-4077 missing for cycl. command values
e  (C0299 Configuration changed. Restart
e  E4005 No command value input via master communication
e E4006 Communication module overload
e  E4011 Communication watchdog: Overload of cyclic communication
®  F4009 Bus failure
e  F4011 Communication watchdog: Overload of cyclic communication
®  F4012 Incorrect I/O length

3.8.2 Configuring the PROFINET® slave
Device data sheet for IndraDrive

As every other PROFINET® device, IndraDrive controllers have to be config-
ured in the field bus controller. This requires the corresponding device data
sheet (GSDML) "GSDML-V2.1-Bosch Rexroth AG-011F-Indradrive_xxVxx-
xooxxxx.xml" that has to be included in the project ("YYYYMMDD" repre-
sents the creation date of the GSDML file). This GSDML file is required for
each node when configuring the bus controller.

Iy The device master file for IndraDrive controllers supports all hard-
ware types and the activation of functional packages.
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Module 1: Parameter channel

F-module
Inputs module
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IndraDrive controllers assign four slots to their data or up to 31 slots in case
of devices operated via the CCD group (1CCD master + 9 CCD slaves). The
device have to be configured. Each device in the in the CCD group has an F-
module, one input module and one output module: A slot is a module loca-
tion.

Each slot has a certain module assignment that has to be complied with for
correct configuration.

®  Slot 1: Parameter channel

e  Slot 2: F-module axis 0 (optional fir PROFIsafe)

®  Slot 3: Inputs axis 0

e  Slot 4: Outputs axis 0

e  Slot 5: F-module axis 1 (only for devices operated at the CCD group)
®  Slot 6: F-module axis 1 (only for devices operated at the CCD group)
e  Slot 7: Outputs axis 1 (only for devices operated at the CCD group)
®  Slot X: F-module axis X (according to number of CCD devices)

e  SlotY: Inputs axis X (according to number of CCD devices)

®  Slot Z: Outputs axis X (according to number of CCD devices)

The default configuration stored in the device data sheet "Input 1 Word" and
"Output 1 Word" (single-axis device) without safety technology and without
parameter channel. For IndraDrive, this setting is active after loading the de-
fault values.

= During the installation of "IndraWorks MLD", the device master
file is stored in the "C:\Program Files\REXROTH\IndraWorks\De-
viceDataSheets\IndraDrive\Profibus" directory by default.

These modules are of the input/output module type and marked with "Par-
amCh". If no parameter channel is required, the "ParamCh not used" module
has to be selected.

If IDN parameters or EIDN parameters are to be written via the parameter
channel, observe the following aspects:

° IDN parameters

To write a 2-byte IDN parameter (e.g., P-0-0002), include the "ParamCh
5 Words" module and configure it accordingly in the parameter
"P-0-4083.0.1, Parameter channel: Configuration".

° EIDN parameters
To write a 4-byte EIDN parameter (e.g., P-0-0002.0.0), include the "Par-

amCh 6 Words" module and configure it accordingly in the parameter
"P-0-4083.0.1, Parameter channel: Configuration".

= The parameter channel length is displayed in parameter
"P-0-4083, Parameter channel: Length" in bytes.

In case of an incorrect configuration of the command/actual val-
ues, the error "F4012 Incorrect I/O length” is displayed.

Slot 2 is assigned with the empty module "F-Module not used".

In these modules, the length of the input data is set in words. The module
identifier is "Input". For successful data exchange of the axis-specific process
data channel, the set length has to equal the value in parameter "P-0-4082,
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Modules 5 to 31
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Field bus: Length of cyclic actual value data channel", specifying the length in
bytes.

= Even in case of an incorrect input data length, the device-specific
parameter channel can be used for communication.

= If the configuration of the controller does not correspond to the
one of the IndraDrive controller, the IndraDrive device will gener-
ate the error message "F4012 Incorrect I/O length".

In these modules, the length of the input data is set in words. The module
identifier is "Output”. The length of the output data that was set has to corre-
spond with the value of parameter "P-0-4071, Field bus: Length of cyclic
command value data channel".

15y If the configuration of the controller does not correspond to the
one of the IndraDrive controller, the IndraDrive device will gener-
ate the error message "F4012 Incorrect I/O length".

The modules 5 to 31 are provided for devices operated at the CCD group.

Displaying the device name/IP address of the IndraDrive device

The device name of the IndraDrive device assigned with the "device baptism"
is displayed in parameter "P-0-4089.0.2, Master communication: Device
name". When exchanging a device, the device name can be set manually via
this parameter using IndraWorks (see "Replacing the controller"). The IP set-
tings permanently assigned to the device during configuration are displayed
in the following parameters:

° P-0-4089.0.13, Master communication: IP address
° P-0-4089.0.14, Master communication: Network mask
e  P-0-4089.0.15, Master communication: Gateway address

In case of "temporary assignment" configuration (assigned by the controller
during start-up), the IP address "0.0.0.0" is displayed in the parameters.

= The device address set in "P-0-4089.0.3 Device address" is ap-
plied to the parameter "P-0-4089.0.4 Active device address" after
the device has been restarted. This address is shown on the dis-
play and is not relevant for the PROFINET communication!

= The IP address is only relevant for communication with the con-
troller! The engineering address (S-0-1020, Master comm.
engineering over IP: IP address) has to be used for Engineering
(e.g., IndraWorks).

Configuring the process data channel

Standard process data channel
(non-safe)

Configuration list of cyclic actual
value data channel

Configuration list of cyclic com-
mand value data channel

The user can freely configure the cyclic data in the standard process data
channel according to the process requirements.

In parameter "P-0-4080, Field bus: Config. list of cyclic actual value data ch.",
the structure and therefore the number of words and their assigned objects
(indices) for the process input data (device — controller) are mapped. The
controller can use this configuration in order to locate the individual real-time
data in the field bus.

The structure of the process output data (controller — device) is mapped in
parameter "P-0-4081, Field bus: Config. list of cyclic command value data
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ch.". This allows the current structure and thus the assignment in the field
bus to be read via the parameter channel.

= It is possible to configure up to 15 real-time parameters (incl. con-
trol word or status word) at the bus in each data direction (max.
48 bytes or 24 words).

= The safe, axis-specific process data channel is not available in
PSB21VRS. For configuration, however, the module "F-Module
not used" has to be integrated!

Length of the process data channel (real-time data channel)

Standard process data channel
(non-safe)

Within the cyclic channel, the parameter channel (optional) and the process
data channel, in which the real-time data of IndraDrive are transmitted, are
arranged.

The PROFINET® device interface enables flexible configuration of the proc-
ess data channel, the length of the process data channel thereby changes
accordingly.

= The currently active length is contained in the parameters
"P-0-4082, Field bus: Length of cyclic actual value data channel”
and "P-0-4071, Field bus: Length of cyclic command value data
channel".

The process data channel (real-time data channel) can only have words or
double words, but not bytes, as data types. Length, however, is specified in
bytes for the sake of compatibility with other bus systems.

The length of the process data channel results from the content of the config-
uration lists "P-0-4080, Field bus: Config. list of cyclic actual value data ch."
or"P-0-4081, Field bus: Config. list of cyclic command value data ch." and is
contained in the following parameters:

e  P-0-4071, Field bus: Length of cyclic command value data channel
e P-0-4082, Field bus: Length of cyclic actual value data channel

The setting is calculated from the contents of the parameters P-0-4080 and
P-0-4081 and takes effect as the device runs up to the operating mode.

= Please note that a change in the length of the process data chan-
nel also requires a change in the controller configuration. The
length of the process data channel that was set therefore has to
comply with the configured length in the controller. Otherwise, the
error message "F4012 Incorrect 1/O length" is generated.

3.8.3 Cyclic communication via process data channel

Communication cycle time

Bosch Rexroth AG R911385754 _Edition 02

The smallest supported cycle time (I/O cycle updating time) is 2 ms. The time
is specified by the control. The cycle time describes the cycle in which the
PROFINET network data is applied or written to the MultiEthernet interface.

Setting options via "P-0-4076, Field bus: Process data - updating clock", min.
2 ms, max. 65 ms (can be set in steps of 1 ms).

= The parameter "P-0-4076, Field bus: Process data - updating
clock" is used to set the update cycle with which the data from the
MultiEthernet interface are applied to the device and vice versa.
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Axis-specific process data channel

Processing the cyclic data

Configuring the cyclic data

Safe Non-safe
1
Master — slave | ‘ ‘Ctrl word, cmd values‘
Slave — master | ‘ ‘ Status word, act. val. ‘
DF000156v04_en.th
Fig. 3-28: Position of the non-safe process data channel in the cyclic data

channel

The internal processing of the command values and actual values is carried
out synchronously with the control clock. As the communication via
PROFINET® RT was not cycle-synchronously, the master communication is
not intended for cycle-synchronous operating modes such as "position con-
trol with cyclic command value specification" but is only intended for position-
ing operating modes and the operating mode "velocity control".

= There is no limit value check for the cyclically transmitted com-
mand values and they are stored in volatile form.

The cyclic data have to be configured in the parameter mode. This configura-
tion is described in the section "Configuring the PROFINET® slave".

Safe, axis-specific process data channel (PROFIsafe)

General information

The safe, axis-specific process data channel is not available in
PSB21VRS.

Parameter channel in the cyclic channel (device-specific)

Safe Non-safe
1
Master — slave |Param. channel ‘ ‘ ‘
Slave —» master |Param. channel‘ ‘ ‘
DF000156v02_en.th
Fig. 3-29: Position of the parameter channel in the cyclic data channel

Using the parameter channel, IndraDrive can be parameterized via the field
bus. The parameter channel is part of the cyclic data.

For IndraLogic and Siemens S7, functions blocks are available which imple-
ment the parameter channel protocol. This allows the user to ignore the pa-
rameter channel details.

The parameter channel is described in the Technical Note
"TN_40_Bosch_Rexroth PROFIBUS_PROFINET_Parameterkanal_V1.x".

= The parameter channel is always at the beginning of the cyclic
data channel. The length of the parameter channel is configured
in the controller and in the device. For configuration, use parame-
ter "P-0-4083.0.1, Parameter channel: Configuration".
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= It is not possible to operate the field bus control word via the op-
tional parameter channel. To enable axis control, the cyclic data
channel has to be used in the higher-level control unit or the cor-
responding logic has to be programmed with permanent control in
MLD. If the control does not have a cyclic data channel, no axis
control is possible without an MLD.

3.8.4 Monitoring functions and diagnostic functions
Diagnostic options

For a simple diagnostics of the network status, a network status LED is avail-
able.

The following table shows the possible states:

Message on display Significance

The device does not have a valid IP address or

Continuously off has been switched off.

The device has run up with a valid IP address, but

Flashing green . .
99 does not have a cyclic connection.

The 1/O connection has been established without

Continuously green
error.

The existing I/O connection was canceled unex-

Flashing red pectedly (e.g. watchdog).

The "Duplicate IP address check" showed that the

Continuously red set IP address already exists in the network.

The device is running up and carries out a self

Flashing green/red test.

Tab. 3-13: Overview of diagnostic messages for PROFINET® communication
Error codes of PROFINET® communication

Parameter channel errors  The table below contains an overview of the possible parameter channel
error messages and their significance:

Error code Significance

0x0082 quantity of all transmitted data is too low, i.e. less than 4 bytes

0x0083 quantity of data still to be transmitted is greater than the internal
buffer

0x0088 the length of the valid data indicated in the control word is longer

than the parameter channel

0x008C status conflict, a new request was sent although there are still data
to be transmitted

0x008D The length of data to be transmitted indicated in the control word is
incorrect
0x008E The EIDN/IDN access type specified in control word bit 15 does not

comply with the access type specified in P-0-4083.0.1

Tab. 3-14: Parameter channel errors overview

Parameter access errors  The table below contains an overview of the possible parameter access er-
rors and their significance; the error values are transmitted in word format:
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Error no. (hex) Significance

0x1001 No IDN

0x1009 Invalid access to element 1

0x2001 No name

0x2004 Name cannot be changed (read only)

0x3004 Attribute cannot be changed (read only)

0x4001 No units

0x4004 Unit cannot be changed (read only)

0x5001 no minimum input value

0x5004 minimum input value cannot be changed (read only)

0x6001 no maximum input value

0x6004 maximum input value cannot be changed (read only)

0x7002 Operation data transmission too short

0x7003 Operation data transmission too long

0x7004 operation data cannot be changed (read only)

0x7005 operation data is write-protected at this time (e.g. communica-
tion phase)

0x7006 operation data is smaller than minimum input value

0x7007 operation data is greater than maximum input value

0x7008 IDN is not supported, invalid bit numbers or bit combination

0x7009 operation data write protected by a password

0x700A operation data is write protected, it is configured cyclically

0x700B Invalid indirect addressing (e.g., data container, list handling)

0x700C operation data is write protected, due to other settings (e.g.,
parameter, operation mode, drive enable, drive on etc.)

0x7010 Procedure command already active

0x7011 Procedure command not interruptible

0x7012 Command can currently not be executed (e.g., in this phase
the command cannot be activated)

0x7013 Procedure command not executable (invalid or false parame-
ters)

0x9001 Input cannot be identified as application

0x9002 Parameter type error

0x9003 Invalid data record number

0x9004 invalid data block number

0x9005 Data element number invalid

0x9006 error in R/W flag

0x9007 Invalid character in the data

Tab. 3-15: Parameter access errors overview
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3.9 POWERLINK
3.9.1 Brief description

= The POWERLINK function is only available upon request.

Topology

ETHERNETH®E 1 BR N

POWERLINK

/

Sy

r—

x ;aul ;

Fig. 3-30: POWERLINK, topology

IndraDrive controllers with MultiEthernet interface can be operated with
Ethernet POWERLINK master communication. Real-time data can be ex-
changed with a Powerlink Managing Nodes via this module.

Baud rate 100 Mbit/s (semi-duplex)
®  Data transmission via Ethernet cable (CAT5e-copper)
®  Topology: "Star", "line" (with integrated cut through switch)

o Depending on the variant that is used and the performance that has
been set, the smallest supported cycle time is 250 uys. Generally, inte-
gral multiples of the position controller cycle time can be set. Any cycle
time is supported in non-synchronized operation.

Features
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Ethernet POWERLINK addressing

IP addressing

Subnet mask
Default gateway

Diagnostic messages involved

Master communication

e  Configurable cyclic data up to a maximum of 15 parameters (incl. pro-
file-dependent control word and status word) in both data directions
(max. 48 bytes or 24 words)

= In case of POWERLINK, decoupling of communication and appli-
cation state machines is not possible.

The mapping of the individual communication objects to P-parameters of the
drive and the mapping of the S- and P-parameters to CANopen objects is de-
scribed in the Parameter Description.

Each Ethernet POWERLINK node (MN, CN and router) has an unequivocal
Node ID within an Ethernet POWERLINK segment. The node ID is config-
ured via parameter "P-0-4089.0.3, Device address". The value that was set is
applied as active Node ID when the drive is booted. The currently active
Node ID is displayed via parameter "P-0-4089.0.4, Active device address". If
drive controller has an address selector switch, the setting of the switch is al-
ways displayed in P-0-4089.0.3. The node IDs 1 to 239 are used for a "Con-
trolled Node".

The Node ID of a CN can be set either using hardware switches or via soft-
ware configuration.

Each Ethernet POWERLINK node has an IPv4 address, a subnet mask and
a default gateway. This IP address is used both for bus addressing and for
mere |IP communication in the Basic Ethernet mode.

° IPV4 address

The Ethernet POWERLINK network is a class C network with the ad-
dress 192.168.100.x

The host ID of the IPv4 address has to be identical to the Node ID of the
node. That is to say the last byte of the IP address has to have the
same value as the Ethernet POWERLINK Node ID.

Host ID value range of the drive: 1-239
192.168.100.POWERLINK Node ID

192.168.100.POWERLINK Node ID
Net ID Host ID

DC000214v01.des

Fig. 3-31: IPV4 address

The subnet mask of an Ethernet POWERLINK has to be 255.255.255.0.
The default gateway has to be the IP address 192.168.100.240, correspond-
ing to the IP address of the Managing Node in the POWERLINK network.
e  A0004 Initialization

e  AQ0005 Pre-Operational

®  AQ0025 Basic ethernet mode

e A0026 Ready to operate

e  (C0229 Field bus: IDN for cycl. command val. not configurable

e  (C0230 Field bus: Max. length for cycl. command val. exceeded

e  (C0231 Field bus: IDN for cycl. actual val. not configurable

e (C0232 Field bus: Length for cycl. actual values exceeded
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®  (C0233 Field bus: Tcyc (P-0-4076) incorrect

®  E4005 No command value input via master communication

o E4006 Communication module overload

®  E4011 Communication watchdog: Overload of cyclic communication
e  F4011 Communication watchdog: Overload of cyclic communication
®  F4012 Incorrect I/O length

e  (C0201 Invalid parameters (->S-0-0423)

®  (C0299 Configuration changed. Restart

3.9.2 Notes on commissioning

Status/ERROR LED

Timing

The bicolor BUS LED, H24 at the controller housing is used for Ethernet
POWERLINK communication diagnostics.

Bus state LED color LED control

OFF, INITIALISATION, NOT_ACTIVE | Green LED off
BASIC_ETHERNET Green LED on, flickering
PRE_OPERATIONAL_1 Green LED on, single flash
PRE_OPERATIONAL_2 Green LED on, double flash
READY_TO_OPERATE Green LED on, triple flash
OPERATIONAL Green LED on

STOPPED Green LED on, blinking
State machine error Red LED on

No error Red LED off

Tab. 3-16: HZ24 blinking codes for Ethernet POWERLINK

POWERLINK can processes the process data in IndraDrive synchronously or
cyclically.
®  Synchronous processing
If synchronous processing is desired, only integral multiple of the posi-
tion cycle time that was set is possible for the bus.
e  Cyclic processing

If it suffices to process the process data cyclically, the synchronous pro-
cessing can be deactivated. This is parameterized by activating bit O in
"P-0-4089.0.5, Master communication: Configuration". POWERLINK cy-
cle times such as 400 pus, 800 us etc. are then possible.

3.10 PROFIBUS-DP
3.10.1 Brief description
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IndraDrive controllers with PROFIBUS interface (PB) can be operated as
PROFIBUS slaves in a PROFIBUS installation. Via these PROFIBUS compo-
nents, it is possible to exchange real-time data with a PROFIBUS-DP master.

Cyclic data channel (PROFIBUS-DP)

The field bus provides data containers in which useful data can be cyclically
transmitted. This section is referred to as cyclic data channel.

The cyclic data channel is subdivided as follows:
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One (optional) device-specific parameter channel for reading and writing
of all IndraDrive parameters via PROFIBUS-DP.

= The device-specific parameter channel does not comply with any

"real-time properties"!

One (optional) safe, axis-specific process data channel (PROFIsafe).

The safe, axis-specific process data channel is not available in
PSB21VRS. For configuration, however, the module "F-Module
not used" has to be integrated!

One axis-specific process data channel (real-time channel) which con-
tains specified information that can be directly interpreted by the receiv-
er.

Safe Non-safe
1

Master — slave |Param. channel| PROFIsafe |Ctr| word, cmd values‘

Slave — master |Param. channel| PROFlsafe |Status word, act. val.‘

DF000156v01_en.th

Fig. 3-32: Cyclic data channel overview

= To simplify field bus communication, Rexroth makes available

PLC function blocks for different programmable logic controllers
(PLCs). The function blocks support the basic functionalities of
the axis-specific process data channel and device-specific param-
eter channel. The principles applied can be easily used for other
field bus masters.

The slave PROFIBUS-DP interface with PROFIBUS-Interface (PB) master
communication module has the following features:

RS485 interfaces according to IEC 61158-2 are supported

All data rates according to IEC 61158-2 are supported, with exclusive
use of PROFIBUS-DP (9.6 kBaud, 19.2 kBaud, 45.45 kBaud,
93.75 kBaud, 187.5 kBaud, 500 kBaud, 1.5 MBaud, 3 MBaud, 6 MBaud,
12 Mbaud)

Automatic baud rate detection

Configurable cyclic data up to 15 parameters (incl. field bus control word
and field bus status word) in both data directions (max. 48 bytes or
24 words)

Setting options for P-0-4076: min. 2 ms, max. 65 ms (can be set in steps
of 1 ms)

= The parameter "P-0-4076, Field bus: Process data - updating

clock" is used to set the update cycle with which the process data
from the PROFIBUS interface are applied to or from the device.

Additional optional parameter channel in the cyclic channel with up to 16
bytes (8 words)
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®  Monitoring of the cyclic data exchange (watchdog function)
e | ED for diagnosing the PROFIBUS interface
®  Supported DPVO services:
—  Slave_Diag (read diagnostic data)
—  Get_Cfg (read configuration data)
—  Set_Prm (transmit parameterization data)
—  Chk_Cfg (check configuration data)
—  Data Exchange (transfer 1/0 data)
—  Global Control (synchronization)
—  RD_Outp (read output data)
— RD_Inp (read input data)
e  Supported DPV1 Class 1 services
—  DDLM_lInitiate (establishment of connection)
— DDLM_Read (acyclic read access)
—  DDLM_Write (acyclic write access)
—  DDLM_Abort (terminating the connection)
—  DDLM_ldle (connection monitoring)
o Up to two DPV1 class 2 connections are supported
e  TCI (Tool Calling Interface) support

Addressing The address can be set directly using the display of the device. This can be
done using the so-called Easy Menu.

T T T T T T N\

| [A] |

I Adr. 4 Enter |

: Adr :

I ] !

Slave [Enter | : Adr. 3 |
Address ——— |adzx. 3 “—— | | adr. :
= S-0-1040 Bl |

| [(VILA] |

I [Magr. 2 |

: Adr. :

AV I

l\_ _______ Jl

DCO000105v02.fth11
Fig. 3-33: Submenu for "Slave___"" Addresss”

Optionally, the address can be directly changed or displayed using the pa-
rameter "S-0-1040, Drive address of master communication".

The address is always displayed in the left side of the standard display of the
control panel.
Parameters involved  Communication parameters
Specific parameters for communication via PROFIBUS-DP:
®  P-0-4069, Field bus: Module diagnosis
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Parameters for general communication via field bus interfaces:
e  P-0-4073, Field bus: Diagnostic message

. P-0-4074, Field bus: Data format

e  P-0-4075, Field bus: Watchdog

e P-0-4076, Field bus: Process data - updating clock

e  P-0-4079, Field bus: Baud rate

e  P-0-4083, Parameter channel: Length

e  P-0-4083.0.1, Parameter channel: Configuration

Profile type parameters

Apart from mere communication parameters, parameters are used in con-
junction with the profile types.

See "Profile types (with field bus interfaces)"

Parameters for extended communication

Additional parameters are used for extended communication.
See the following sections:

e  "Configurable signal control word"

e  "Configurable signal status word"

C0229 Field bus: IDN for cycl. command val. not configurable
e  (C0230 Field bus: Max. length for cycl. command val. exceeded
e  (C0231 Field bus: IDN for cycl. actual val. not configurable

e (C0232 Field bus: Length for cycl. actual values exceeded

e  (C0233 Field bus: Tcyc (P-0-4076) incorrect

e (C0234 Field bus: P-0-4077 missing for cycl. command values
e  E4005 No command value input via master communication

e  F4009 Bus failure

®  F4012 Incorrect I/O length

3.10.2  Configuring the PROFIBUS-DP slave
Device data sheet for IndraDrive

Like every other PROFIBUS slave, IndraDrive controllers have to be config-
ured in the field bus master. This requires the corresponding device master
file (GSD) "RX**0107.GSD" that has to be included in the project ("**" repre-
sents the version number of the GSD file). This GSD-file, when configuring
the bus master, is required for each node.

= The device master file for IndraDrive controllers supports all hard-
ware types and the activation of functional packages.

IndraDrive controllers assign four slots to their data (in case of single axis de-
vices) or up to 25 slots in case of devices operated via the CCD group (1CCD
master + 7 CCD slaves). The devices have to be configured. Each device in
the in the CCD group has an F-module, one input module and one output
module: A slot is a module location. In the example: A parameter channel
module is inserted in Slot 1. The parameter channel module can have differ-
ent lengths as described.

With single-axis devices, IndraDrive controllers assign their data to four slots
into which certain modules have to be plugged.
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Module 1: Parameter channel

F-module
Inputs module
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®  Slot 1: Parameter channel

e  Slot 2: F-module axis 0 (optional flir PROFIsafe)

e  Slot 3: Inputs axis 0

®  Slot 4: Outputs axis 0

e  Slot 5: F-module axis 1 (only for devices operated at the CCD group)
®  Slot 6: Inputs axis 1 (only for devices operated at the CCD group)

e  Slot 7: Outputs axis 1 (only for devices operated at the CCD group)
e  Slot X: F-module axis X (according to number of CCD devices)

®  SlotY: Inputs axis X (according to number of CCD devices)

e  Slot Z: Outputs axis X (according to number of CCD devices)

The default configuration stored in the device data sheet "Input 1 Word" and
"Output 1 Word" (single-axis device) without safety technology and without
parameter channel. For configurators that are supporting the GSD version 03
or higher, this default configuration is automatically set. This setting active in
IndraDrive after loading of the default values.

The device data sheet also contains the IDN assigned to the IndraDrive con-
troller by the PROFIBUS User Oganization :

° Ident. no. 107 hex

= During the installation of "IndraWorks MLD", the device data
sheet is stored by default in the directory "C:\Program Files
\REXROTH\IndraWorks\DeviceDataSheets\IndraDrive\Profibus".

These modules are of the input/output module type and marked with "Par-
amCh". If no parameter channel is required, the "ParamCh not used" module
has to be selected.

If IDN parameters or EIDN parameters are to be written via the parameter
channel, observe the following aspects:

o IDN parameters

To write a 2-byte IDN parameter (e.g. P-0-4006), include the "ParamCh
5 Words" module and configure it accordingly in the parameter
"P-0-4083.0.1, Parameter channel: Configuration".

o EIDN parameters

To write a 4-byte EIDN parameter (e.g., P-0-4006.0.0), include the "Par-
amCh 6 Words" module and configure it accordingly in the parameter
"P-0-4083.0.1, Parameter channel: Configuration".

= The parameter channel length is displayed in parameter
"P-0-4083, Parameter channel: Length" in bytes.

In case of an incorrect configuration of the command/actual val-
ues, the error "F4012 Incorrect I/O length” is displayed.

The device automatically recognizes the configuration of the master and ad-
justs accordingly. Thus, parameterization by the master is therefore always
possible even in case of incorrect configuration of the command value/actual
values. This enables parameter download from the master after a device was
replaced.

Slot 2 is assigned with the empty module "F-Module not used".

In these modules, the length of the input data is set in words. The module
identifier is "Input". For successful data exchange of the axis-specific process
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Outputs module

Modules 5 to 31

Master communication

data channel, the set length has to equal the value in parameter "P-0-4082,
Field bus: Length of cyclic actual value data channel", specifying the length in
bytes.

= Even in case of an incorrect input data length, the device-specific
parameter channel can be used for communication.

= If the configuration of the master does not correspond to the one
of the IndraDrive controller, IndraDrive device will generate the
error message "F4012 Incorrect 1/O length”.

In these modules, the length of the input data is set in words. The module
identifier is "Output". The length of the output data that was set has to corre-
spond with the value of parameter "P-0-4071, Field bus: Length of cyclic
command value data channel".

15 If the configuration of the master does not correspond to the one
of the IndraDrive controller, IndraDrive device will generate the
error message "F4012 Incorrect 1/O length”.

The modules 5 to 31 are provided for devices operated at the CCD group. In
case of single-axis devices, the empty modules "F-Module not used", "In-
put not used" or "Output not used" should be assigned to these modules.

Configuring the process data channel

Standard process data channel
(non-safe)

Configuration list of cyclic actual
value data channel

Configuration list of cyclic com-
mand value data channel

PROFiIsafe process data channel
(safe)

The user can freely configure the cyclic data in the standard process data
channel according to the process requirements.

= For the profile types “"freely configurable  mode"
(P-0-4084 = OxFFFE) , ‘operating mode neutral"
(P-0-4084 = OxFFFD), "lI/O mode" (P-0-4084 = OxFF82), "I/O
mode" (P-0-4084 = OxFF92 velocity specification) or "no profile"
(P-0-4084 = 0x0000), a default configuration is specified that can
be changed by the user.

See also "Profile types (with field bus interfaces)"

In parameter "P-0-4080, Field bus: Config. list of cyclic actual value data ch.",
the structure and therefore the number of words and their assigned objects
(indices) for the process input data (slave —~ master) are mapped. The master
can use this configuration in order to locate the individual real-time data in the
field bus.

The structure of the process output data (master — slave) is mapped in pa-
rameter "P-0-4081, Field bus: Config. list of cyclic command value data ch.".
This allows the current structure and thus the assignment in the field bus to
be read via the parameter channel.

= It is possible to configure up to 15 real-time parameters (incl. con-
trol word or status word) at the bus in each data direction (max.
48 bytes or 24 words).

= The safe, axis-specific process data channel is not available in
PSB21VRS. For configuration, however, the module "F-Module
not used" has to be integrated!
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Length of the process data channel (real-time data channel)

Standard process data channel
(non-safe)

Within the cyclic channel, the parameter channel (optional) and the process
data channel, in which the real-time data of the device are transmitted, are
arranged.

The PROFIBUS slave interface enables flexible configuration of the process
data channel, the length of the process data channel thereby changes ac-
cordingly.

= The currently active length is contained in the parameters
"P-0-4082, Field bus: Length of cyclic actual value data channel"
and "P-0-4071, Field bus: Length of cyclic command value data
channel".

The process data channel (real-time data channel) can only have words or
double words, but not bytes, as data types. Length, however, is specified in
bytes for the sake of compatibility with other bus systems.

The length of the process data channel can range between 1...24 words or
2...48 bytes in either direction.

The length of the process data channel results from the content of the config-
uration lists "P-0-4080, Field bus: Config. list of cyclic actual value data ch."
or"P-0-4081, Field bus: Config. list of cyclic command value data ch." and is
contained in the following parameters:

e  P-0-4071, Field bus: Length of cyclic command value data channel
o P-0-4082, Field bus: Length of cyclic actual value data channel

The setting is calculated from the contents of the parameters P-0-4080 and
P-0-4081 and takes effect as the device runs up to the operating mode.

= Please note that a change in the length of the process data chan-
nel also requires a change in the master configuration. The length
of the process data channel that was set therefore has to comply
with the configured length in the master. Otherwise, the error
message "F4012 Incorrect 1/0O length" is generated.

3.10.3  Cyclic communication via process data channel

Communication cycle time
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The communication cycle time results from the baud rate set in the master.
This baud rate is transmitted to the slave and displayed in parameter
"P-0-4079, Field bus: Baud rate".

The parameter "P-0-4076, Field bus: Process data - updating clock" is used
to set the update cycle with which the data from the PROFIBUS® interface
are applied to the device and vice versa. Due to performance reasons, retain
the default settings.

Valid values for "P-0-4076 Field bus: Process data - updating clock": min. 2
ms, max. 65 ms (can be changed in steps of 1 ms)
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Axis-specific process data channel

Processing the cyclic data

Configuring the cyclic data

Safe Non-safe
1
Master — slave | ‘ ‘Ctrl word, cmd values‘
Slave — master | ‘ ‘ Status word, act. val. ‘
DF000156v04_en.th
Fig. 3-34: Position of the non-safe process data channel in the cyclic data

channel

The internal processing of the command values and actual values is carried
out synchronously with the control clock. As the communication via
PROFINET DP was not cycle-synchronously, the master communication is
not intended for cycle-synchronous operating modes such as "position con-
trol with cyclic command value specification" but is only intended for position-
ing operating modes and the operating mode "velocity control".

= There is no limit value check for the cyclically transmitted com-
mand values and they are stored in volatile form.

The cyclic data have to be configured in the parameter mode. This configura-
tion is described in the section "Configuring the PROFIBUS-DP slave".

Safe, axis-specific process data channel (PROFIsafe)

General information

The safe, axis-specific process data channel is not available in
PSB21VRS.

PROFIsafe configuration

Configuration of the control unit

In PSB21VRS, the safe, axis-specific process data channel is not available; it
is therefore necessary to include the following PROFIsafe module (blank
module) in the control unit configuration:

¢  F-module not used
This axis does not exchange any data via PROFIsafe.

Parameter channel in the cyclic channel (device-specific)

Safe Non-safe
1
Master — slave |Param. channel ‘ ‘ ‘
Slave —» master |Param. channel‘ ‘ ‘
DF000156v02_en.th
Fig. 3-35: Position of the parameter channel in the cyclic data channel

Using the parameter channel, the device or the devices can be parameter-
ized via the field bus. The parameter channel is part of the cyclic data.

For IndraLogic and Siemens S7, functions blocks are available which imple-
ment the parameter channel protocol. This allows the user to ignore the pa-
rameter channel details.
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The parameter channel is described in the Technical Note
"TN_40_Bosch_Rexroth PROFIBUS_PROFINET_Parameterkanal_V1.x".

= The parameter channel is always at the beginning of the cyclic
data channel. The length of the parameter channel is configured
in the master and applied by the device to parameter "P-0-4083,
Parameter channel: Length".

= It is not possible to operate the field bus control word via the op-
tional parameter channel. To enable axis control, the cyclic data
channel has to be used in the higher-level control unit or the cor-
responding logic has to be programmed with permanent control in
MLD. If the control does not have a cyclic data channel, no axis
control is possible without an MLD.

3.10.4  Acyclic data exchange (DPV1)
Overview of acyclic communication

DP master class 1

DP master class 2

An acyclic communication relation of type "MSAC_C1" to the DP master
class 1 (MSAC_C1) is supported. The following DP services are available for
this communication relationship:

e  DDLM_Read (MSAC1_Read)
e  DDLM_Write (MSAC1_Write)

Two acyclic communication relations of type "MSAC_C2" to the DP master
class 2 (MSAC_C2) are supported. The following DP services are available
for this communication relationship:

e  DDLM._Initiate (MSAC2_lInitiate)
e  DDLM_Abort (MSAC2_Abort)
e DDLM_Read (MSAC2_Read)
e DDLM_Write (MSAC2_Write)

3.10.5 Monitoring functions and diagnostic functions

Monitoring functions

Watchdog for cyclic communica-
tion

F4012 Incorrect 1/0 length

Diagnostic options
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As a standard, the time required for the watchdog monitoring function is auto-
matically calculated and configured by the configuration program of the mas-
ter. It is displayed in parameter "P-0-4075, Field bus: Watchdog" (in ms).

= The input "0" in parameter "P-0-4075, Field bus: Watchdog" indi-
cates that the watchdog monitoring is disabled.

If the error message "F4012 Incorrect I/O length" is generated, IndraDrive is
in the PROFIBUS state "Data_Exchange"; the LED display "H30" is active.
The parameter channel is working, but the data of the input and output mod-
ules are not processed internally.

The state of the field bus master communication of an IndraDrive device is
diagnosed via the

e | ED display "H30" on font panel of the controller
-and -
e  Diagnostic parameter "P-0-4073, Field bus: Diagnostic message".
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Diagnostic LED "H30" The LED display "H30" is active when the device is in the PROFIBUS state
"Data_Exchange". This means that real-time data are exchanged between
IndraDrive and master.

Parameter for field bus diagnostics ~ The parameter "P-0-4073, Field bus: Diagnostic message" contains the state
of the field bus master communication in plain text. The contents of parame-
ter P-0-4073 have the following significance:

Text

Significance

"OFFLINE"

Initialization value of the diagnostic message

"Power-On"

PROFIBUS-DP has been detected as master communication
and the hardware is checked.

"Baud-Search"

The hardware is okay; the PROFIBUS interface is monitored in
order to recognize the baud rate used.

"Wait-Prm"

The baud rate has been found, the device waits for a parame-
terization telegram of the master that contains its IDN (con-
tained in the device data sheet).

"Wait-Cfg"

IndraDrive has received a valid parameterization telegram and
now waits for the configuration telegram in which the master
tells the drive which modules it is expecting for input/output
configuration.

"Data-Exch WD+" | The device has received a valid configuration, it exchanges re-

al-time data with the master. The communication is monitored
by a watchdog.

"Data-Exch WD-" The device has received a valid configuration. It exchanges re-

al-time data with the master without the communication being
monitored by a watchdog.

Tab. 3-17:

Significances of the entries in parameter P-0-4073

Error codes of PROFIBUS communication

Parameter channel errors  The table below contains an overview of the possible parameter channel
error messages and their significance:

Error code

Significance

0x0082

Number of all transmitted data is too low, i.e. less than four bytes

0x0083

quantity of data still to be transmitted is greater than the internal
buffer

0x0088

the length of the valid data indicated in the control word is longer
than the parameter channel

0x008C

status conflict, a new request was sent although there are still data
to be transmitted

0x008D

The length of data to be transmitted indicated in the control word is
incorrect

0x008E

The EIDN/IDN access type specified in control word bit 15 does not
comply with the access type specified in P-0-4083.0.1

Tab. 3-18:

Parameter channel errors overview

DPV1 errors  The following table provides an overview of the possible DPV1 error messag-
es and their significance:
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Error code

Designation acc. to

Significance DPV1 standard

0x80 0xAQ 0x00

DPV1, access, read
error

The read request has a length of
more than 10 bytes.

0x80 0xA1 0x00

DPV1, access, write
error

The write request has a length of
more than 11 bytes.

0x80 0xA9 0x00

DPV1 service not supported DPV1, application, fea-

ture not supported

0x80 0xB0O 0x00

No access to index 47. DPV1, access, invalid

index

0x80 0xB1 0x00

There is no DPV1 header availa- | DPV1, access, write
ble. length error

0x80 0xB2 0x00

No access to slot 0. DPV1, access, invalid

slot

0x80 0xB3 0x00

Access is only allowed to the ob-
ject value.

DPV1, access, type
conflict

0x80 0xB5 0x00

DPV1, access, state
conflict

Parameter request not yet re-
ceived, therefore response not
yet available.

0x80 0xB6 0x00

The parameter cannot be written. | DPV1, access, access

denied

0x80 0xB8 0x00

DPV1, access, invalid
parameter

Only one parameter must be pro-
cessed during an access.

0x80 0xCO 0x00

DPV1, resource, read
constrain conflict

The request is still being pro-
cessed, the read request has to
be repeated.

Tab. 3-19:

Overview DPV'1 errors

Parameter access errors  The table below contains an overview of the possible parameter access er-
rors and their significance; the error values are transmitted in word format:

Error no. (hex) Significance
0x1001 No IDN
0x1009 Invalid access to element 1
0x2001 No name
0x2004 Name cannot be changed (read only)
0x3004 Attribute cannot be changed (read only)
0x4001 No units
0x4004 Unit cannot be changed (read only)
0x5001 no minimum input value
0x5004 minimum input value cannot be changed (read only)
0x6001 no maximum input value
0x6004 maximum input value cannot be changed (read only)
0x7002 Operation data transmission too short
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Error no. (hex) Significance

0x7003 Operation data transmission too long

0x7004 operation data cannot be changed (read only)

0x7005 operation data is write-protected at this time (e.g. communica-
tion phase)

0x7006 operation data is smaller than minimum input value

0x7007 operation data is greater than maximum input value

0x7008 IDN is not supported, invalid bit numbers or bit combination

0x7009 operation data write protected by a password

0x700A operation data is write protected, it is configured cyclically

0x700B Invalid indirect addressing (e.g., data container, list handling)

0x700C Date is currently read-only due to other settings (e.g., parame-
ter, operation mode, drive enable, RF, ...)

0x7010 Procedure command already active

0x7011 Procedure command not interruptible

0x7012 Command can currently not be executed (e.g., in this phase
the command cannot be activated)

0x7013 Procedure command not executable (invalid or false parame-
ters)

0x9001 Input cannot be identified as application

0x9002 Parameter type error

0x9003 Invalid data record number

0x9004 invalid data block number

0x9005 Data element number invalid

0x9006 error in R/W flag

0x9007 Invalid character in the data

Tab. 3-20: Parameter access errors overview

3.11 CANopen-based communication

3.11.1 General information

Communication Objects (0x1000 to Ox1FFF)

The communication objects are described in the CANopen standard DS301.
Within the CANopen communication, these objects have one of the following

functions:

®  Access to drive parameters

° Constants

®  Read-only objects
The table below contains an overview of the objects specified for CANopen

communication:
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IDN CANopen objects | Description

P-0-3600.0.1 0x1000 CANopen: Device type

P-0-3601.0.1 0x1001 CANopen: Error register

P-0-3603.0.1 0x1006 CANopen: Communication cycle period
P-0-3604.0.1 0x1008 CANopen: Manufacturer device name
P-0-3604.0.2 0x1009 CANopen: Manufacturer hardware version
P-0-3604.0.3 0x100A CANopen: Manufacturer software version
P-0-3606.0.1 0x1018.0 CANopen: Identity object

P-0-3606.0.2 0x1018.1 CANopen: Vendor ID

P-0-3606.0.3 0x1018.2 CANopen: Product Code

P-0-3606.0.4 0x1018.3 CANopen: Revision Number
P-0-3606.0.5 0x1018.4 CANopen: Serial Number

P-0-3602.0.1 0x1005 CiA301: COB-ID SYNC message
P-0-3605.0.1 0x100C CiA301: Guard time

P-0-3605.0.2 | 0x100D CiA301: Life time factor

P-0-3605.0.3 |0x1014 CiA301: COB-ID EMCY

P-0-3605.0.4 |0x1016.0 CiA301: Consumer heartbeat time
P-0-3605.0.5 [0x1016.1 CiA301: Heartbeat description
P-0-3605.0.6 0x1017 CiA301: Producer heartbeat time
P-0-3607.0.1 0x1200.0 CiA301: 1st SDO server parameter
P-0-3607.0.2 | 0x1200.1 CiA301: COB-ID client -> server (rx)
P-0-3607.0.3 | 0x1200.2 CiA301: COB-ID server -> client (tx)
P-0-3608.0.1 0x1400.0 CiA301: RPDO communication parameter
P-0-3608.0.2 | 0x1400.1 CiA301: COB-ID used by RPDO
P-0-3608.0.3 0x1400.2 CiA301: Transmission type RPDO
P-0-3608.1.1 0x1401.0 CiA301: RPDO communication parameter
P-0-3608.1.2 | 0x1401.1 CiA301: COB-ID used by RPDO
P-0-3608.1.3 0x1401.2 CiA301: Transmission type RPDO
P-0-3608.2.1 0x1402.0 CiA301: RPDO communication parameter
P-0-3608.2.2 | 0x1402.1 CiA301: COB-ID used by RPDO
P-0-3608.2.3 0x1402.2 CiA301: Transmission type RPDO
P-0-3608.3.1 0x1403.0 CiA301: RPDO communication parameter
P-0-3608.3.2 | 0x1403.1 CiA301: COB-ID used by RPDO
P-0-3608.3.3 0x1403.2 CiA301: Transmission type RPDO
P-0-3609.0.1 0x1600.0 CiA301: RPDO mapping parameter
P-0-3609.0.2 | 0x1600.1 CiA301: RPDO: 1st application object
P-0-3609.0.3 | 0x1600.2 CiA301: RPDO: 2nd application object
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IDN CANopen objects | Description

P-0-3609.0.4 | 0x1600.3 CiA301: RPDO: 3rd application object
P-0-3609.0.5 0x1600.4 CiA301: RPDO: 4th application object
P-0-3609.1.1 0x1601.0 CiA301: RPDO mapping parameter
P-0-3609.1.2 | 0x1601.1 CiA301: RPDO: 1st application object
P-0-3609.1.3 0x1601.2 CiA301: RPDO: 2nd application object
P-0-3609.1.4 0x1601.3 CiA301: RPDO: 3rd application object
P-0-3609.1.5 0x1601.4 CiA301: RPDO: 4th application object
P-0-3609.2.1 0x1602.0 CiA301: RPDO mapping parameter
P-0-3609.2.2 | 0x1602.1 CiA301: RPDO: 1st application object
P-0-3609.2.3 0x1602.2 CiA301: RPDO: 2nd application object
P-0-3609.2.4 | 0x1602.3 CiA301: RPDO: 3rd application object
P-0-3609.2.5 |0x1602.4 CiA301: RPDO: 4th application object
P-0-3609.3.1 0x1603.0 CiA301: RPDO mapping parameter
P-0-3609.3.2 0x1603.1 CiA301: RPDO: 1st application object
P-0-3609.3.3 0x1603.2 CiA301: RPDO: 2nd application object
P-0-3609.3.4 0x1603.3 CiA301: RPDO: 3rd application object
P-0-3609.3.5 |0x1603.4 CiA301: RPDO: 4th application object
P-0-3614.0.1 0x1800.0 CiA301: TPDO communication parameter
P-0-3614.0.2 | 0x1800.1 CiA301: COB-ID used by TPDO
P-0-3614.0.3 0x1800.2 CiA301: Transmission type TPDO
P-0-3614.0.4 | 0x1800.3 CiA301: Inhibit time TPDO

P-0-3614.0.6 | 0x1800.5 CiA301: Event timer TPDO

P-0-3614.1.1 0x1801.0 CiA301: TPDO communication parameter
P-0-3614.1.2 | 0x1801.1 CiA301: COB-ID used by TPDO
P-0-3614.1.3 0x1801.2 CiA301: Transmission type TPDO
P-0-3614.1.4 | 0x1801.3 CiA301: Inhibit time TPDO

P-0-3614.1.6 | 0x1801.5 CiA301: Event timer TPDO

P-0-3614.2.1 0x1802.0 CiA301: TPDO communication parameter
P-0-3614.2.2 | 0x1802.1 CiA301: COB-ID used by TPDO
P-0-3614.2.3 0x1802.2 CiA301: Transmission type TPDO
P-0-3614.2.4 | 0x1802.3 CiA301: Inhibit time TPDO

P-0-3614.2.6 | 0x1802.5 CiA301: Event timer TPDO

P-0-3614.3.1 0x1803.0 CiA301: TPDO communication parameter
P-0-3614.3.2 | 0x1803.1 CiA301: COB-ID used by TPDO
P-0-3614.3.3 0x1803.2 CiA301: Transmission type TPDO
P-0-3614.3.4 | 0x1803.3 CiA301: Inhibit time TPDO
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IDN CANopen objects | Description
P-0-3614.3.6 | 0x1803.5 CiA301: Event timer TPDO
P-0-3615.0.1 0x1A00.0 CiA301: TPDO mapping parameter
P-0-3615.0.2 0x1A00.1 CiA301: TPDO: 1st application object
P-0-3615.0.3 | O0x1A00.2 CiA301: TPDO: 2nd application object
P-0-3615.0.4 0x1A00.3 CiA301: TPDO: 3rd application object
P-0-3615.0.5 0x1A00.4 CiA301: TPDO: 4th application object
P-0-3615.1.1 0x1A01.0 CiA301: TPDO mapping parameter
P-0-3615.1.2 0x1A01.1 CiA301: TPDO: 1st application object
P-0-3615.1.3 | 0x1A01.2 CiA301: TPDO: 2nd application object
P-0-3615.1.4 0x1A01.3 CiA301: TPDO: 3rd application object
P-0-3615.1.5 0x1A01.4 CiA301: TPDO: 4th application object
P-0-3615.2.1 0x1A02.0 CiA301: TPDO mapping parameter
P-0-3615.2.2 0x1A02.1 CiA301: TPDO: 1st application object
P-0-3615.2.3 0x1A02.2 CiA301: TPDO: 2nd application object
P-0-3615.2.4 0x1A02.3 CiA301: TPDO: 3rd application object
P-0-3615.2.5 0x1A02.4 CiA301: TPDO: 4th application object
P-0-3615.3.1 0x1A03.0 CiA301: TPDO mapping parameter
P-0-3615.3.2 0x1A03.1 CiA301: TPDO: 1st application object
P-0-3615.3.3 0x1A03.2 CiA301: TPDO: 2nd application object
P-0-3615.3.4 | 0x1A03.3 CiA301: TPDO: 3rd application object
P-0-3615.3.5 0x1A03.4 CiA301: TPDO: 4th application object
Tab. 3-21: Specified CANopen Objects
= Other communication objects of CANopen Interface are listed in

the relevant EDS file.

Manufacturer-specific objects (0x2000 to Ox3FFF)

Manufacturer-specific objects  All parameters of the drive can be reached via the manufacturer-specific ob-
jects. The S-parameters are addressed via the objects 0x2000 to Ox2FFF,
the P-parameters via the objects 0x3000 to Ox3FFF. The manufacturer-spe-
cific objects have the following structure:

subindex | Description
0 Number of sets of the parameter (1 or 8)
1 Operating data set 0
2 Operating data set 1 (if available)
3 Operating data set 2 (if available)
4 Operating data set 3 (if available)
5 Operating data set 4 (if available)
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subindex | Description

6 Operating data set 5 (if available)

7 Operating data set 6 (if available)

8 Operating data set 7 (if available)

10 index of list pointer

11 list element to which element 10 points (only for list parameter)

12...18 | list element to which element 10 points (if 8 parameter sets available);
only for list parameter

21 Parameter name

22...28 | name of parameter (if 8 parameter sets available)

31 attribute of parameter

32...38 | attribute of parameter (if 8 parameter sets available)

41 Parameter unit

42...48 |unit of parameter (if 8 parameter sets available)

51 minimum value of parameter

52...58 | minimum value of parameter (if 8 parameter sets available)

61 maximum value of parameter

62...68 | maximum value of parameter (if 8 parameter sets available)

71 maximum length of list parameter

72...78 | maximum length of list parameter (if 8 parameter sets available)

81 actual length of list parameter

82...88 | actual length of list parameter (if 8 parameter sets available)

Tab. 3-22: Structure of manufacturer-specific objects

The complete list of a list parameter can be read or written by accessing the
operating data of the parameter.

To access individual list elements, it is possible to set a list index (subindex
10) and access the respective list element of the list index via subindex 11 (to
subindex 18). With each access via subindex 11 (to subindex 18), the list in-
dex is incremented by one element. This allows a continuous part of a list to
be processed in the case of repeated access to subindex 11 (to subindex
18).

With one of the following actions, the list index is reset to the first element:

®  Change of parameter set

e  Change of parameter

e  Abortion of connection

For each list element access which does not start from the first element, it is
therefore necessary to set the list index.

If the length of the list has to be changes, this can be corrected by changing
the actual length of the list parameter (subindex 81...88).

The maximum list length can be read via the subindices 71...78.
With one of the following actions, the parameter value is stored:
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Writing to last element

Change to a different parameter
Change of parameter set
Reading the same parameter
Abortion of connection

The changes are discarded when the control voltage fails.
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4 Mains connection

A WARNING Dangerous movements! Danger to life, risk of

injury, serious injury or property damage!

e Keep free and clear of the ranges of motion of machines and moving
machine parts.

®  Prevent personnel from accidentally entering the machine’s range of
motion (e.g., by using safety fences, safety guards, protective coverings,
light barriers).

e  Make sure that the drives are brought to safe standstill before accessing
or entering the danger zone.

4.1 Mains connection overview

The mains connection components of a supply unit with active power output
stage (regenerative mains inverter) usually consist of mains filter and mains
choke. The higher the performance class the higher the size and complexity.
High performances therefore require mains chokes consisting of multiple indi-
vidual components. The system is supplied with power via a three-phase
mains connection.

Phase-to-phase Phase
mains voltage currents
] s-0-170209| [ s-0-17020.3 |
—| 5-0-1702.0.10] [ 5-0-1702.04 |
—] 5-01702.0.11] [ 5-01702.05 |
Brake chopper
and
braking DC bus Energy DC bus
Mains filter | Mains choke | Supply unit  resistor capacitor buffer voltage
———.- 4‘— — 0 S-0-01707.0.1
A= = T = 550170701
DF001065v02.des
Fig. 4-1: Supply unit mains connection overview
Different status variables are measured for power supply control and diag-
nostics:

®  Mains phase voltages at the output terminal connectors of the mains fil-
ter (sampling: current controller clock):

- S-0-1702.0.9, Mains voltage Phase to Phase L1-L2
- $-0-1702.0.10, Mains voltage Phase to Phase L2-L.3
- S-0-1702.0.11, Mains voltage Phase to Phase L3-L1

®  Mains phase currents at the input of the supply unit (sampling: current
controller clock):

- S-0-1702.0.3, Phase current L1
- S-0-1702.0.4, Phase current L2
- S-0-1702.0.5, Phase current L3

e DC bus voltage (S-0-1707.0.1) on the output side of the supply unit
power output stage (sampling: voltage controller clock).

In addition, the following status variables are made available on the basis of
the measured variables:
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Mains power (S-0-1702.0.13)

Soft start

DC bus capacitor

Braking resistor

Energy buffer

Communication
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o Mains phase voltages rms values:
- $-0-1702.0.17, Mains voltage Phase to Phase L1-L2 RMS value
- S-0-1702.0.18, Mains voltage Phase to Phase L2-L3 RMS value
- $-0-1702.0.19, Mains voltage Phase to Phase L3-L1 RMS value
®  Mains current rms value (S-0-1702.0.2)

The mains power (S-0-1702.0.13) displays the current power consumption
from the mains. The display for the mains power is filtered with a PT1 filter
with adjustable time constant. The filter time constant can be set in parameter
"S-0-1702.0.155, Mains power filter time constant".

Using a soft start device the uncharged DC bus is first of all charged to the
rectified value. The design of the soft start device depends on the hardware.

Supply units have an integrated DC bus capacitor. An external additional ca-
pacitor can be optionally added to it.

The design of the braking resistor depends on the hardware. If an integrated
braking resistor is not available, an external braking resistor can be optionally
connected.

Optionally, an external energy buffer (Kinetic Buffer, UPS) can be operated at
the DC bus, In the case of mains failure, it makes available energy to supply
drives.

The IndraBus/module bus is used for communication between the supply unit
and other devices connected to the DC bus. Independent of the master com-
munication, information on error situations is exchanged via this bus without
delay.

4.2 Type of mains connection, power supply

Status of power supply

Bosch Rexroth AG R911385754 _Edition 02

The type of supply unit mains connection differs depending on the hardware
used. We basically distinguish between

®  [ndraDrive ML (supply unit with HMUO5) and
®  [ndraDrive Mi (KMVO03 supply unit).

The mains connection components can be functionally distinguished as fol-
lows:

®  Mains filter

®  Mains choke, consisting of
—  Preconnected choke
—  Mains capacitor
—  Commutation choke

®  Soft start device

The above functionality classification reveals nothing about the structural de-
sign. For the detailed system structure please see the respective Project
Planning Manual.

The current status of power supply is represented by the state machine of the
supply unit [see chapter "State machine of the device" on page 36

chapter 3.2.4 "Device control and state machines" on page 33]. Any change
of states is performed using the parameter "S-0-1720.0.1, Power supply
control word", or in the case of automatic supply unit run-up by switching on
the main contactor and mains contactor. The supply unit signals the current
state via the parameter "S-0-1720.0.2, Power supply status word".
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Soft start

Identifying the controlled system

DC bus capacitance validation
check

Commutation choke inductance
validation check

Choke check

IndraBus/module bus

Mains connection

When the mains supply power is switched on, the DC bus is charged via a
soft start device. It limits the input current (mains current) to a device-depend-
ing limit value. The soft start device contains one of the following charging cir-
cuits:

® Resistance charge
L] Constant current source

The charging circuit type is contained in the parameter "P-0-0809, Properties
of charging circuit". The maximum DC bus capacitance is limited by the
charging ability of the soft start device.

The soft start causes a charging time between the activation of the mains
voltage and the minimum voltage in the DC bus required for power output.
Charging time and charging curve are monitored during the soft start. In case
of error, the error message "F2816 Softstart fault power supply unit" is gener-
ated. If the soft start is successfully completed, the supply unit goes to the
"ready for power output" state ("S-0-1720.0.2, Power supply status word", bit
14 =1).

When power is switched on, the DC bus capacitance is determined during
the soft start. If "S-0-1732.0.1, DC bus capacitance, measured" contains the
value 0 (corresponding to condition as supplied), the DC bus capacitance de-
termined during soft start is applied to S-0-1732.0.1. If the value in
S-0-1732.0.1 is unequal 0, the value of S-0-1732.0.1 remains unchanged.

When power is switched on, the inductance of the commutation choke is de-
termined after successful soft start. If "S-0-1731.0.20, Inductance at
commutation choke" contains the value 0 (corresponding to condition as sup-
plied), the inductance determined after soft start is applied to S-0-1731.0.20.
If the value of S-0-1731.0.20 is unequal 0, the value of S-0-1731.0.20 re-
mains unchanged.

The values in S-0-1732.0.1 and S-0-1731.0.20 are used for calcluating the
control parameters by way of the command "C0710 Command Load power-
supply specific controller values". If S-0-1732.0.1 or S-0-1731.0.20 contains
the value 0, this command is automatically executed.

If the currently measured DC bus capacitance deviates from the value in
"S-0-1732.0.1, DC bus capacitance, measured" by more than +30%, a log-
book entry is generated for diagnostic purposes. The value in S-0-1732.0.1 is
still used for calculating the control parameters.

The measured value of the commutation choke inductance is compared to
the typical value stored in the power section. In case it deviates by more than
-30% or +100%, a logbook entry is generated for diagnostic purposes. The
value in S-0-1731.0.20 is still used for calculating the control parameters.

To check the wiring of the commutation choke, the phase angle of the con-
nected mains is determined using a PWM test pattern. The resulting mains
angle is compared to the mains angle of the PLL. In case it deviates by more
than +£30°, the error message "F8813 Connection error mains choke" is gen-
erated.

The so-called IndraBus or module bus establishes a signal exchange be-
tween IndraDrive devices independent of the master communication. This al-
lows error information to be exchanged without delay between the individual
devices to facilitate a coordinated error reaction. The designs of IndraBus
and module bus are different. Whether IndraBus or module bus is used de-
pends on the device. It is not possible to directly connect the two bus sys-
tems. The following pieces of status information are transmitted:
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Bus system

Status information Module |p Modyle.

IndraBus bus us priority
Supply error reset - u High
Supply error " L] 1
Inverter error = L '
DC bus voltage error, mains failure u L] f
Supply overload warning - n 1
Ready for power output - u N
All nodes without error - = 1
DC bus short circuit blocked u - Low
Tab. 4-1: IndraBus and module bus status information

The pieces of module bus status information have a hierarchical order, the in-
formation of the highest priority determines the signal state. IndraBus can
transmit multiple signal states in parallel. The supply unit generates the fol-
lowing pieces of status information:

e  Supply error

e  DC bus voltage error, mains failure

e  Supply overload warning (module bus only)
®  Ready for power output (module bus only)

e  All nodes without error (module bus only)

®  DC bus short circuit blocked (IndraBus only)

The status information "supply error reset" (module bus only) and "inverter
error" are not generated by supply units. In contrast to the module bus,
IndraBus is safe from cable break. If cable break is detected or IndraBus has
not been wired, the error message "F2087 Module group communication
error" is generated.

Status information relevant to a coordinated error reaction within a module
group exists for both bus systems:

e  Supply error

®  DC bus voltage error, mains failure

® |Inverter error

The behavior regarding module bus/IndraBus can be divided into
1. the generation of the status information and
2. the reaction to the currently active status information.
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Generating the IndraBus signals

\ 4

F88xx error?

Su
at e-buffer?

\4 \

Supply error
P-0-0460, bit 5 =1

Enabling DC bus voltage
P-0-0460, bit 5=0
P-0-0460, bit 3=0

DCb voltage error, mains failure
P-0-0460, bit 3 =1

IV error?
P-0-0461, bit4 =1

v

Reaction to
IndraBus signals

Supply error? Yes

P-0-0461, bit 5 =1

P-0-0860, bit2 =17

DCb voltage error?
P-0-0461, bit 3= 1

Yes

Y \4

Switching off control
Removing Ud message
Disconnecting mains

contactor

Switching off control
Removing Ud message
Disconn. mains contactor
Bb contact remains closed

DC000206v02.th

No reaction
SuU Supply unit
e-buffer Energy buffer
DCb DC bus
v Inverter

Ud message Signals via IndraBus/module bus that DC bus is ok and ready
for power output

Fig. 4-2:

Generation and reaction to signals of module bus/IndraBus

Disconnection from the supply in the case of drive errors can be parameter-
ized using "P-0-0860, Converter configuration". If the function has been acti-
vated and the "inverter error" information is signaled via the IndraBus/module
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bus, the supply unit is powered off. The mains contactor is disconnected and
the Bb contact is not opened.

The parameter "P-0-0460, Module group, control word" displays the informa-
tion currently signaled via the IndraBus/module bus by a supply unit. The pa-
rameter "P-0-0461, Module group, status word" displays the current state of
the IndraBus/module bus.

Iy The disconnection of the mains contactor has the same effect as
mains failure and thus causes power enable to be removed. The
"DC bus voltage error, mains failure" is thereby signaled via the
IndraBus/module bus, and drives in the same module group react
according to the "undervoltage in DC bus" function.

4.3 Mains monitoring

Mains synchronization

Mains frequency monitoring

Mains overvoltage
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The firmware of the supply unit cyclically monitors internal status variables of
the system and generates an error message if the expected value and the
actual value differ accordingly. The following monitoring functions are availa-
ble:

®  Mains frequency monitoring

o Mains overvoltage monitoring

®  Mains undervoltage monitoring

®  Phase failure monitoring

o Mains failure monitoring

®  Ground fault monitoring

o DC bus voltage monitoring

®  Mains overcurrent monitoring

®  Protection against oscillation in DC bus

The mains synchronization determines mains frequency including rotary field
direction (S-0-1702.0.12), mains integral (S-0-1702.0.152), mains angle
(S-0-1702.0.150) and mains voltage peak value (S-0-1702.0.1).

If the difference between the nominal mains angle and the current angle of
the phase voltages is greater than the mains angle tolerance
(S-0-1703.0.154), the error message "F2802 Error in mains synchronization"
is generated. The F2802 error causes power enable to be switched off. The
"Ud message" is removed, "DC bus voltage error, mains failure" is signaled
via module bus/IndraBus.

The parameter "S-0-1702.0.12, Mains frequency" is the result of the mains
synchronization, the value is filtered. The allowed value is between 43 and
67 Hz.

The mains frequency is subject to very little variation, the mains synchroniza-
tion can readjust a maximum change of 4 Hz/s (continuous change over this
period).

By way of mains overvoltage monitoring the mains voltage is monitored with
regard to the maximum allowed value. The maximum allowed mains voltage
depends on the hardware (500 V or 690 V devices). The implemented moni-
toring function has two steps:

1. Monitoring the mains voltage peak value (S-0-1702.0.1) filtered with
100 ms. If the displayed value is greater than 110% of the maximum
nominal mains voltage peak value, the error message "F2815
Overvoltage in mains" is generated.
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Mains undervoltage

Phase failure

Mains failure

Ground fault monitoring

Mains connection

The overvoltage threshold for 500 V devices is:
500 V*1.10*sqrt(2)=778 V

or for 690 V devices:

690 V*1.10*sqrt(2)=1073 V

2. Monitoring the current (unfiltered) mains phase voltages. If a measured
value exceeds 115% of the maximum mains peak value three times in
succession, the error message "F8815 Overvoltage in mains" is gener-
ated.

The overvoltage threshold for 500 V devices is:

500 V*1.15*sqrt(2)=813 V

or for 690 V devices:

690 V*1.15*sqrt(2)=1122 V

This is done to detect rapidly increasing mains voltage, e.g. during re-
generation.

The F2815 error causes power enable to be switched off and the mains con-
tactor to be disconnected. The "Ud message" is removed, "DC bus voltage
error, mains failure" is signaled via module bus/IndraBus. The F8815 error is
a critical error and causes the Bb contact to be opened. "Supply error" is sig-
naled via module bus/IndraBus.

15y Distributed IndraDrive Mi (KMV) supply module does not have a
Bb contact.

By way of mains undervoltage monitoring the mains voltage (phase-to-phase
mains voltage) is monitored with regard to the minimum allowed value. The
minimum allowed mains voltage cannot be parameterized. The minimum al-
lowed mains voltage is:

220 V*sqrt(2)*0,85 = 264 V

The mains voltage peak value (S-0-1702.0.1) filtered with 100 ms is moni-
tored. If the displayed value is smaller than the minimum nominal mains volt-
age peak value (264 V), the warning "E2814 Undervoltage in mains" is gen-
erated. This is done to detect slowly decreasing mains voltage.

By way of phase failure monitoring amplitude differences of the mains voltag-
es are detected. The input values of phase failure monitoring are the rms val-
ues of the mains phase voltages. Monitoring is carried out on the basis of
EN61000-4-27. If the criteria mentioned here are not met with a time in-
creased by 20%, a phase failure is assumed and the warning "E2818 Phase
failure" is generated.

By way of mains failure monitoring a mains failure is detected. The condition
for mains failure is: unfiltered mains peak voltage smaller than 50V.

If mains failure is detected, the warning "E2819 Mains failure" is generated. If
the mains failure takes longer than two seconds, the error message "F2819
Mains failure" is generated. The F2819 error causes power enable to be
switched off and the mains contactor to be disconnected. The "Ud message"
is removed, "DC bus voltage error, mains failure" is signaled via module bus/
IndraBus.

By way of ground fault monitoring a short circuit between ground and one of
the three phases is detected. The measured phase currents are used as the
input values for monitoring.

If the sum of the phase currents exceeds a device-depending threshold (ap-
prox. 40% of the device’'s nominal current, for the exact value please see the
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Project Planning Manual), the output stage is switched off and the error mes-
sage "F8033 Ground fault in motor line" is generated. If the current does not
decay in spite of the output stage having been switched off, the error mes-
sage "F8833 Ground fault current (does not decay)" is generated and power
is swiched off. The Bb contact is opened.

= Distributed IndraDrive Mi (KMV) supply module does not have a
Bb contact.

By way of DC bus voltage monitoring an undervoltage or overvoltage in the
DC bus is detected. The actual DC bus voltage value (S-0-1707.0.1) is used
as the input value.

If the DC bus voltage decreases to a value smaller than P-0-0114 (minimum
value: 75% of mains peak when switching on), the error message "F2026
Undervoltage in power section" is generated. The F2026 error causes power
enable to be switched off and the mains contactor to be disconnected. The
"Ud message" is removed, "DC bus voltage error, mains failure" is signaled
via module bus/IndraBus.

If the DC bus voltage increases up to 40 V below the maximum allowed val-
ues (910 V in case of 500 V devices or 1220 V in case of 690 V devices), the
output stage is switched off and the warning"E8025 Overvoltage in power
section") is generated. If the DC bus voltage falls below the limit value, the
output stage is switched back on and the warning disappears.

If the DC bus voltage keeps increasing and exceeds the maximum allowed
value (910 V in case of 500 V devices or 1220 V in case of 690 V devices),
the error message "F8817 Overvoltage in power section" is generated. The
F8817 error is a critical error and causes the Bb contact to be opened. "Sup-
ply error" is signaled via module bus/IndraBus. The maximum allowed DC
bus voltage depends on the device, the exact value is contained in the type
data of the power section.

= Distributed IndraDrive Mi (KMV) supply module does not have a
Bb contact.

By way of overcurrent monitoring the output stage is protected against over-
current. The measured mains phase currents are used as the input values for
monitoring. There are four stages:

1. If the mains current exceeds 120% of the peak current, the output stage
is switched off and the warning "E8028 Overcurrent in power section" is
generated. If the current falls below the limit value, the output stage is
switched back on and the warning disappears.

2. If the mains current exceeds 140-150% of the peak current, the output
stage is switched off and the error message "F8028 Overcurrent in
power section" is generated.

3. If the current keeps increasing (5- to 10-fold device type current) so that
the inverter changes to analog mode, the output stage is switched off
and the error message "F8060 Overcurrent in power section" is gener-
ated.

4. If the current does not decay in spite of the output stage having been
switched off, the error message "F8860 Overcurrent in power section
(does not decay)" is generated. The error causes power supply to be
switched off and the Bb contact to be opened. "Supply error” is signaled
via module bus/IndraBus.
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= Distributed IndraDrive Mi (KMV) supply module does not have a
Bb contact.

Protection against oscillation in ~ The AC component in the DC bus is monitored to protect the DC bus capaci-
DCbus  tors against too high current loads. If the AC component exceeds a device-
depending threshold (value is contained in the type data of the power sec-
tion: maximum allowed voltage ripple on the DC bus voltage), the error mes-
sage "F2027 Excessive oscillation in DC bus" is generated.
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5 Power supply control

A WARNING Dangerous movements! Danger to life, risk of

injury, serious injury or property damage!

e Keep free and clear of the ranges of motion of machines and moving
machine parts.

®  Prevent personnel from accidentally entering the machine’s range of
motion (e.g., by using safety fences, safety guards, protective coverings,
light barriers).

e  Make sure that the drives are brought to safe standstill before accessing
or entering the danger zone.

5.1 Power supply control overview
Power supply control has a so-called cascade structure that is shown in the
figure below.
[s-0-1708.0.1 [s-0-1710.03
rrent i
\oltage Current lg_cmd| Curre PWM  L_/Supply unit 5C bus
control limitation control output stage!
Udc_act lg_act
S-0-1707.0.11
Current Voltage
measurement] measurement
S-0-1707.0.1
DF000887v01.des
Fig. 5-1: Schematic diagram of the supply unit control loops

The current control loop or current and voltage control loop is closed depend-
ing on the active operation mode.

5.2 DC bus voltage control

In the case of supply units with active power output stage, the DC bus volt-
age can be flexibly controlled with regard to a value within a certain voltage
range. Insulated-gate bipolar transistors (IGBTs) are used for this purpose.
The control provides the following advantages:

e  DC bus voltage is independent of the mains voltage

e  Energy regeneration to the mains

®  More or less sinusoidal current consumption from the mains
e  Utilization of high motor speeds due to high DC bus voltage

Control loop structure  The following control loop structure is the basis of voltage control. If necessa-
ry, the structure is expanded depending on the operation mode.
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[5-0-1708.0.13 §-0-1708.0.150
Udc_cmd N | Current Current
0 N E
[s0170601 >—— - | limitation control
Udc_act
Voltage Voltage Mains current  Current cmd lq_cmd
cmd value filter controller limitation value filter —
_S-0-1 707.0.11
Voltage
—'H@
measurement DF000879v01.des
Fig. 5-2: Schematic diagram of voltage control loop for controlling the DC bus
voltage

The actual DC bus voltage value (S-0-1707.0.1) is measured and taken into
account as the feedback value in the calculation of the control difference. The
voltage controller has been designed as a PI controller. It can be configured
using the proportional gain and the integral action time.

To limit the mains current, the bipolar current limit value (S-0-1708.0.13,
Bipolar mains current limit value) or the unipolar current limit values
("S-0-1708.0.15 Positive mains current limit value", "S-0-1708.0.16, Negative
mains current limit value") can be adjusted. In this context, the lowest value
of the 3 above-mentioned parameters becomes active.

Parameterization example:

S-0-1708.0.13: 110%

S-0-1708.0.15: 140%

S-0-1708.0.16: 140%

110% Bipolar mains current limit value is active
S-0-1708.0.13: 110%

S-0-1708.0.15: 140%

S-0-1708.0.16: 40%

- 110% Positive mains current limit value (regenerative), 40% negative
mains current limit value (feeding) are active

S-0-1708.0.13: 200%
S-0-1708.0.15: 130%
S-0-1708.0.16: 50%

- 130% Positive mains current limit value (regenerative), 50% negative
mains current limit value (feeding) are active

The voltage and current command value filters have been designed as PT1
filters. The firmware-side calculation of the corresponding default values can
be triggered using the "load power-supply specific controller values" com-
mand.

The voltage command value (S-0-1706.0.1) can be cyclically configured and
arbitrarily input within the command value range. The command value range
results from the mains voltage and the maximum DC bus voltage.

The minimum voltage command value is 110% of the mains voltage peak val-
ue. If a value smaller than the minimum command value is input, the DC bus
voltage is dynamically increased.



IndraDrive Power Supply Basic PSB-21 Functions 109/305

Control parameters

Cycle time

Power supply control

The default values of the voltage controller parameters are calculated accord-
ing to the symmetrical optimum:

"aT, 30" "
K, Proportional gain
TN Integral action time
a Damping factor
Coc DC bus capacitor
Tu Voltage control loop substitute time constant
Upc DC bus voltage
0 Mains peak
Fig. 5-3: Calculating control parameters of voltage controller according to the
symmetrical optimum

The value of the total DC bus capacitance used, that is automatically deter-
mined via the identification of the controlled system, is used for calculation.
The damping factor depends on the controller mode configuration in
"S-0-1709.0.152, Power supply control, configuration”. It is distinguished be-
tween

e  standard control (dynamic voltage controller with the objective of a con-
stant DC bus voltage) with a low damping factor and

e Smart Energy Mode (slow voltage controller with the objective of little
mains activity) with a high damping factor.

To improve the controller dynamics, the P-gain of the voltage controller is ad-
justed in accordance with the ratio between DC bus voltage and mains peak.

The voltage control loop parameters are calculated according to the above
formula by executing "C0710 Command Load power-supply specific
controller values". The time constants of the current command value filters,
as well as the current limit values, are determined depending on the control-
ler mode (see chapter 6.2 "Voltage control" on page 116).

The cycle time of the voltage controller is 250 pys and cannot be configured.

5.3 Current limitation

To protect them from overload, supply units have a current limitation that con-
sists of two parts:

®  Absolute current limitation (depending on device, limit values comply
with continuous and peak currents of output stage)

e  Dynamic current limitation (depending on load, implemente by way of
temperature model)
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Min  ——{FomE ]
Temperature
model [s0-171005 ]
amplifier
[soirio0z |
S-0-1707.0.11
Voltage
control Ig_cmd
L~ Current
] control
Reactive power | 'd-cmd
compensation Current
P limitation
S-0-1707.0.12
DF000881v01.des
Fig. 5-4: Schematic diagram of dynamic current limitation of supply unit

The maximum values for continuous and peak current result from the device-
specific current data of the output stage.

The maximum possible continuous current corresponds to the nominal cur-
rent of the amplifier (S-0-1701.0.1) that basically depends on the size of the
device and the switching frequency of the output stage. The maximum possi-
ble peak current corresponds to the maximum current of the amplifier
(S-0-1701.0.2).

Depending on the amplifier load calculated using the temperature model, the
effective peak current is dynamically limited to a value smaller than the maxi-
mum current of the amplifier. If the effective peak current (S-0-1710.0.3) is
smaller than the nominal current of the supply unit (S-0-1701.0.1), the maxi-
mum possible continuous current (P-0-4045) is additionally limited to the ef-
fective peak current.

The input values of the temperature model are the status variables
®  measured heat sink temperature of the power output stage,

e  application-specific total current of the device from the vector sum of ac-
tive-current generating and reactive-current generating component,

as well as the static variables

e  switching frequency of the power output stage,
e thermal type data of the power section,

®  maximum current of the amplifier.

With a model calculation, the output stage load is determined from them, and
the effective peak current is limited depending thereon. If the current limita-
tion is active, the warning "E8057 Device overload, current limit active" is
generated. It is impossible for the user to parameterize the dynamic current
limitation.

54 Mains current control
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The mains current control has been included in the DC bus voltage control
and designed by analogy with the field-oriented current control of a motor.
The control has the following features:
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e  Separate control of the active-current generating and reactive-current
generating component of the mains current

e  Compensation of the cross coupling of the d and q axes to increase dy-
namics

®  Feedforward of the measured mains voltage
The following control loop structure is the basis for current control:

$-0-1707.0.13
Iq controller
lg_cmd I_q_act

S-0-1707.0.15
S-0-1709.0.151

Current command value

Control parameters

[5-0-1707.0.11 O i: Ug_aot
| — U
§-0-1708.0.11 b ¢ S-0-1708.0.12 PWM Ly
—> L, W
Id_cmd I .
_ + Bit 4
[s-0-1707.0.12 O \: Ud_act \—<E0-17090.150
Id_act
Id controller Output stage
5-0-1707.0.14 compensation
$-0-1707.0.16
DF000880v01.des
Fig. 5-5: Schematic diagram of the current control loop for controlling the

mains current

The basic principle of mains synchronous current control is independent con-
trol of the current components orthogonal to one another

® |, (active-current generating component) and
® |, (reactive-current generating component).

Here the mains angle determined from the mains phase voltages is the refer-
ence value between the three-phase mains and the transformed dq system.

The | and |4 currents transformed from the mains phase currents are used
as actual values for calculating the control difference. The U, and Uy voltages
generated at the output of the controller are input values of PWM. In order
that a regenerative mode with sinusoidal currents is possible, the DC bus
voltage at least has to have the level of the mains peak.

The current controller has been designed as a PI controller. It can be config-
ured using the proportional gain and the integral action time. The firmware-
side calculation of the corresponding default values can be triggered using
"C0710 Command Load power-supply specific controller values".

The command value of the active-current generating component is the limited
output value of the voltage controller or as an alternative can be cyclically
preset. The reactive-current generating component normally is controlled to
zero. A value unequal zero can be specified for reactive-current compensa-
tion.

The default values of the current controller parameters are calculated accord-
ing to the symmetrical optimum:
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K,= % ;o T,=4T
1
K, Proportional gain
Tn Integral action time
L Inductance of the mains choke
T Current control loop substitute time constant
Fig. 5-6: Calculating control parameters of current controller according fo the
symmetrical optimum

The value of the mains choke, that is automatically determined via the identi-
fication of the controlled system, is used for calculation. The current control
loop parameters are calculated according to the above formula by executing
"C0710 Command Load power-supply specific controller values".

The output stage compensation is a voltage feedforward. The voltage drop at
the power transistors of the output stage is compensated by an additive volt-
age command value at the output of the current controller. The function is ac-
tive by default. This has the following advantages:

o Higher current control dynamics with small currents
e  Higher current control loop limit frequency

If the function is deactivated using S-0-1709.0.150 bit 4, this results in a high-
er load of the current controller since it has to compensate the voltage error
of the output stage.

The cycle time of the current controller depends on the switching frequency
of the power output stage. At a switching frequency of 4.2 kHz, the current
controller runs twice per switching period, at a switching frequency of 10.1
kHz, the current controller only runs once per switching period. The switching
frequency depends on the device and cannot be changed. The following
switching frequencies are supported:

Power output stage switching frequency | Current controller cycle time

4.2 kHz 119 s
10.1 kHz 99 us

Tab. 5-1: Cycle time of current control depending on switching frequency of
the power output stage

The switching frequency of the power output stage is displaye in parameter
S-0-1709.0.151.

5.5 Reactive power compensation

5.5.1 Introduction
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The total power a device takes from the mains is the so-called apparent pow-
er. It is made up of the geometric sum of

®  active power and
®  reactive power, consisting of

—  fundamental wave reactive power (phase shift between current and
voltage, due to capacitive and inductive components) and

—  distortion reactive power (harmonics, due to switching actions of
power semiconductors).

Only the active power can be converted into other power forms and is availa-
ble as mechanical power at the motor shaft. The reactive power, however,
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causes mains-side high-frequency interference and generally leads to a high-
er mains connected load.

It is therefore the objective to minimize the reactive power. For this purpose,
a device is used that determines the currently required reactive power and
compensates it actively.

5.5.2 Compensating the fundamental wave reactive power

Control loop structure

Compensating the reactive power
by inputting a reactive current

The function for compensating the fundamental wave reactive power corrects
the phase shift between the fundamental wave of mains voltage and the fun-
damental wave of mains current, a fundamental wave power factor of one
(cos @4 = 1) being aimed at. The following methods are available:

1. Compensation of reactive power by specifying a reactive current

2. Compensating the reactive power of the supply unit and the mains con-
nection components (mains filter and mains choke) using reactive power
control

3. Compensating the reactive power of the supply unit and external loads
using reactive power control

All methods are based on the following control loop structure:

$-0-1706.0.12

$-0-1708.0.160

Current Current

S-0-1706.0.160 +C\ \: limitation control

Power
S-0-1707.0.160 controller S-0-1707.0.12

-0-1706.0.160 Reactive power, command value
0-1707.0.160 Reactive power, actual value
0
0

Bit05.0-1709.0.160

DF000891v01.des

-1708.0.160 Reactive power controller, proportional gain

-0-1708.0.161 Reactive power controller, integral action time

S-0-1706.0.12 Reactive-current generating component, command value

S-0-1709.0.160 Reactive power controller, control word

S-0-1707.0.12 Effective reactive-current generating component, cmd value

Fig. 5-7: Schematic diagram of control loop structure for controlling the reac-
tive power.

The power controller has been designed as a PI controller. It can be config-

ured using the parameters "S-0-1708.0.160, Reactive power controller,

proportional gain" and "S-0-1708.0.161, Reactive power controller, integral

action time".

The reactive power control is switched off by default (S-0-1709.0.160,
bit 0 = 0). Therefore, none of the methods for reactive power compensation is
active if the reactive-current generating command value component
(S-0-1706.0.12, Reactive-current generating component, command value)
has the value zero.

If the reactive power control has been switched off (S-0-1709.0.160,
bit 0 = 0), a reactive current can be input via the parameter S-0-1706.0.12 to
put reactive power compensation into effect.

The reactive power or the cos ¢, has to be measured externally, and a high-
er-level control unit performs the calculation, as well as the cyclic input of the
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reactive current. If necessary, this requires higher-level reactive power con-
trol.

If the reactive power control has been activated (S-0-1709.0.160, Reactive
power controller, control word bit 0 = 1) and the determination of the reactive
power of the mains connection components is active (S-0-1709.0.160,
bit 1 = 0), the reactive powers of the supply unit, mains filter and mains choke
are compensated.

The firmware calulates the total reactive power of the supply unit and mains
connection components from the electrical characteristic values of the mains
filter and mains choke, as well as the measured mains phase currents and
mains voltages. The calculated value is transmitted to the power controller as
the actual value (S-0-1707.0.160). To compensate the calculated reactive
power, the command value zero has to be input for the power controller
(S-0-1706.0.160 = 0).

The parameter "S-0-1731.0.22, Equivalent capacitance of mains connection”
is used for calculating the total reactive power. The (single-phase) equivalent
capacitance between mains connection and mains choke referred to the neu-
tral point has to be input here.

U4 Mains phase voltage between conductor L1 and virtual neutral
point
L S-0-1731.0.20, Inductance at commutation choke
Ce S-0-1731.0.22, Equivalent capacitance of mains connection
Fig. 5-8: Simplified single-phase equivalent circuit diagram of mains connec-
tion

If the reactive power control has been activated ("S-0-1709.0.160, Reactive
power controller, control word" bit 0 = 1) and the reactive power determina-
tion of the mains connection components has been switched off
(S-0-1709.0.160, bit 1 = 1), only the reactive power of the supply unit is com-
pensated.

On the basis of the measured mains phase currents and mains voltages the
reactive power of the supply unit is calculated and transmitted to the power
controller as the actual value (S-0-1707.0.160). A higher-level control unit can
additionally compensate the reactive power of external loads by cyclically in-
putting the command value S-0-1706.0.160.

If the command value zero is input, only the reactive power of the supply unit
is compensated. The control unit has to determine the appropriate command
value for compensating the reactive power of the mains connection compo-
nents and other external loads. The reactive power or the cos ¢ for calculat-
ing the total reactive power has to be measured externally.
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6 Operation modes

A WARNING Dangerous movements! Danger to life, risk of

injury, serious injury or property damage!

e Keep free and clear of the ranges of motion of machines and moving
machine parts.

®  Prevent personnel from accidentally entering the machine’s range of
motion (e.g., by using safety fences, safety guards, protective coverings,
light barriers).

e  Make sure that the drives are brought to safe standstill before accessing
or entering the danger zone.

6.1 Overview of operation modes
It is possible to configure up to four different operation modes in the supply
unit. They are assigned via the following parameters:
e  S5-0-1709.0.1, Primary operation mode
° S-0-1709.0.2, Secondary operation mode 1
e  S-0-1709.0.3, Secondary operation mode 2
e  5-0-1709.0.4, Secondary operation mode 3

The coding of the corresponding operation mode has to be entered in the
above parameters. The parameter "S-0-1705.0.1, List of operation modes"
contains all supported operation modes. The supply unit firmware supports
the following operation modes:

Operation mode Coding Elzgnos-
Voltage control 0x0013 | A0500
Voltage control, floating DC bus voltage 0x8033 | A0500
Rectifier mode, load-dependent 0x0037 | A0506
Current control 0x0001 | A0501
Island grid mode, open-loop controlled 0x8100 |A0530"
Island grid mode, closed-loop controlled 0x8107 | A0530"
(DC) current control 0x8201 | A05402
(DC) voltage control 0x8203 | A05402
1) The operation modes is only available if the optional functional

package "mains function" has been enabled. Refer to chapter
2.4 "Overview of functions/functional packages" on page 14
2) The operation modes is only available if the optional functional
package "DC/DC converter" has been enabled. Refer to chap-
ter 2.4 "Overview of functions/functional packages" on page 14
Tab. 6-1: Supported operation modes of supply unit firmware

The operation mode is selected and activated using the power supply control
word (S-0-1720.0.1). Setting the enable signal (bit 15) activates the preselec-
ted operation mode. As a feedback the power supply status word
(S-0-1720.0.2, Power supply status word) shows the active operation mode
and the display of the control panel reads "LB" or "LF" in case of island grid
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mode closed loop-controlled/open loop-controlled and (DC) current/voltage
control.

6.2 Voltage control

Standard control

Smart Energy Mode

Bosch Rexroth AG R911385754 _Edition 02

In the "voltage control" mode, the DC bus voltage is controlled with regard to
the command value S-0-1706.0.1.

The control loop structure from "Control loop structure" on page 107 is used.
The voltage control mode depends on the configuration of the voltage control
loop parameters. It is distinguished between

° standard control and
e  Smart Energy Mode.

The mode is parameterized via the so-called controller mode in parameter
S-0-1709.0.152 bit 0. Using "C0710 Command Load power-supply specific
controller values", appropriate values are automatically assigned to the volt-
age control loop parameters, depending on the preselected controller mode.
The following parameters are written by executing the command:

® S-0-1706.0.1, DC bus voltage command value

®  S-0-1708.0.151, Voltage command value filter, time constant

e  S-0-1708.0.1, DC bus voltage controller, proportional gain

®  S-0-1708.0.2, DC bus voltage controller, integral action time

®  S-0-1708.0.13, Bipolar mains current limit value

®  S-0-1708.0.15, Positive mains current limit value

®  S-0-1708.0.16, Negative mains current limit value

° S-0-1708.0.150, Mains current command value filter, time constant

In the controller mode "standard control" (S-0-1709.0.152, bit 0 = 0), the DC
bus voltage should be as constant as possible and should only drop slightly,
even in the case of high load peaks. For this purpose, the voltage control
loop parameters are set as follows:

®  Time constant of voltage command value filter is 1 ms

®  Current command value filter is switched off

e  Voltage controller is set to dynamic (small damping factor)

o Mains current limit values are identical to device peak current

The voltage command value is set to the default value of 750 V (500 V devi-
ces) or 1100 V (690 V devices). However, it can be changed at any time by
the user or a higher-level control unit.

In the controller mode "Smart Energy Mode" (S-0-1709.0.152, bit 0 = 1), the
mains pollution should be kept to a minimum, if possible. This is achieved by
reducing the mains-side peak current. As a result, the DC bus voltage drops
considerably at high load peaks. The voltage control loop parameters are set
as follows:

®  Time constant of voltage command value filter is 1 ms
®  Time constant of current command value filter is one mains period
e  Voltage controller is set to slow (big damping factor)

®  The mains current limit value bipolar is 110% of the nominal device cur-
rent

®  The positive and the negative mains current limit values are identical to
the device peak current
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Operation modes

The voltage command value is set to the default value of 750 V (500 V devi-
ces) or 1100 V (690 V devices). However, it can be changed at any time by
the user or a higher-level control unit.

When using the Smart Energy Mode, allow for sufficient DC bus capacitance
so that the DC bus voltage does not leave the allowed operating range (lower
limit: mains peak, upper limit: braking resistor switch-on threshold).

After "C0710 Command Load power-supply specific controller values" has
been executed, all voltage control loop parameters can be changed as re-
quired and thus optimized with regard to the specific application. However,
this might considerably change the behavior of control, and the objective of
the controller mode that has been set might not be achieved.

= After the controller mode has been changed, the command "Load
power-supply specific controller values" has to be executed so
that correct values are assigned to the voltage control loop pa-
rameters.

6.3 Voltage control, floating DC bus voltage

Control loop structure

Properties

Control parameters

In the "voltage control, floating DC bus voltage" mode, the DC bus voltage
floats within a lower command value for supply and an upper command value
for regeneration. Control is inactive within this range and only switched on if
the DC bus voltage leaves this range.

The control loop structure from fig. 5-2 "Schematic diagram of voltage control
loop for controlling the DC bus voltage" on page 108 is used as a basis, and
the structure is expanded by the generation of the command value.

This operation mode aims at limiting the mains activity to a minimum. The fol-
lowing cases of operation are distinguished:

e  Actual DC bus voltage value (S-0-1707.0.1) smaller than lower DC bus
voltage threshold (S-0-1708.0.152): voltage control active, supply com-
mand value (S-0-1706.0.152) takes effect.

e Actual DC bus voltage value (S-0-1707.0.1) greater than upper DC bus
voltage threshold (S-0-1708.0.153): voltage control active, regeneration
command value (S-0-1706.0.153) takes effect.

e Actual DC bus voltage value within lower and upper DC bus voltage
threshold: voltage control inactive.

In addition, voltage control is activated to protect the device if the mains cur-
rent is greater than the maximum allowed diode current.

The configuration is very flexible, since the command values and thresholds
can be set as required. Make sure that the values are valid. Thus, this opera-
tion mode can be parameterized with regard to the specific application.

= This operation mode uses the control parameter values of the
"standard control" controller mode (see chapter 6.2 "Voltage con-
trol" on page 116).

All voltage control loop parameters can be changed as required and thus op-
timized with regard to the specific application. However, this might considera-
bly change the behavior of control.

6.4 Rectifier mode, load-dependent

In the "rectifier mode, load-dependent” the power output stage is switched
off. The control of the DC bus voltage is inactive and the supply unit works as
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a rectifier. The DC bus voltage value corresponds to the rectified value of the
mains voltage.

The power output stage is switched on as follows:

1. The mains current exceeds the maximum allowed diode current (thresh-
old value is specified in P-0-2610.0.10 [HMV05] or P-0-4059, element
18 [KMVO03] or depending on the temperature model)

or

2. the DC bus voltage exceeds the command value parameterized in
"S-0-1706.0.1, DC bus voltage command value".

The supply unit hereby goes to the boost converter mode and the DC bus
voltage is controlled with regard to the command value. The control loop
structure from "Control loop structure" on page 107 is active. The control is
switched off if the diode current falls below the maximum allowed value again
or the DC bus voltage reaches the command value.

The supply unit automatically goes to the boost converter mode to protect the
device against overload and for protection against DC bus overvoltage.

= ®  The reactive power compensation cannot be used in this op-
eration mode.

o The mains currents are not sinusoidal in rectifier mode.

6.5 Mains current control

Control loop structure

Bosch Rexroth AG R911385754 _Edition 02

In the operation mode "mains current control", the active current generating
command value and the reactive-current generating command value can be
specified separately.

The control loop structure from "Control loop structure” on page 111 is used
as a basis, and the structure is expanded by the generation of the command
value.

[[S-0-1708.0.15
[[S-0-1708.0.16 [ S»O»1708.0.150>—|
lg_cmd Current [ la_cmd Current
S0-1706.0.11 limitation |I1d_cmd control
Mains current  Current cmd
limitation value filter 8-0-1707.0.11
5-0-1706.0.12
1d_omd $-0-1707.0.12
DF000890v02.des

0-1706.0.11, Active-current generating component, command value

0-1706.0.12, Reactive-current generating component, command value

0-1707.0.11, Effective active-current generating component, command
value

0-1707.0.12, Effective reactive-current generating component, cmd value

0-1708.0.13, Bipolar mains current limit value

0-1708.0.15, Positive mains current limit value

S-0-1708.0.16, Negative mains current limit value

S-0-1708.0.150, Mains current command value filter, time constant

Fig. 6-1: Schematic diagram of command value adjustment in the current con-
trol mode

S-
S-
S-
S-
S-
S-
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The command value for the active-current generating component goes
through current limitation and PT1 filter and then takes effect as a command
value at the input of current control.

NOTICE Uncontrolled rise of DC bus voltage.

If the "mains current control" mode is accidentally activated, this can cause
the DC bus voltage to rise in an uncontrolled way. Power will only be discon-
nected if the maximum allowed DC bus voltage is exceeded (see "DC bus
voltage monitoring" on page 104).

6.6 Island grid mode, open-loop controlled/island grid mode,
closed-loop controlled
The operation modes "Island grid mode, open-loop controlled" and "Island
grid mode, closed-loop controlled" are only available if the optional functional

package "mains function" has been enabled. Refer to chapter 2.4.1 "Over-
view" on page 14

For a detailed overview of these operation modes, refer to chapter chapter
7.3 "lIsland grid" on page 128.

6.7 DC current control / DC voltage control

The operation modes "DC current control" and "DC voltage control" are only
available if the alternative functional package "DC/DC converter" has been
enabled. Refer to chapter 2.4.1 "Overview" on page 14

For a detailed overview of these operation modes, refer to chapter 7.4
"DC/DC converter mode" on page 145.
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7 Advanced supply unit functions
7.1 E-Stop
7.1.1 General information

The E-Stop function is used to shut down the drive via a hardware input. It
thus provides an option to switch off the drive in parallel with master commu-
nication in case of an emergency. The E-Stop function causes drive enable to
be switched off in the drive. The E-Stop does not take effect in KMV. Howev-
er, an E-Stop signal can be input via a hardware input at KMV or KMV can
transmit the E-Stop signal.

15 The E-Stop function is only available for KMVO03, but not for
HMVO05.

For IndraDrive Mi there are different safety zones. A safety zone consists of a
safety zone beginner and one or several safety zone nodes. These zones are
equivalent to the zones for the E-Stop.

Inputting an E-Stop signal at KMV The E-Stop function is wired at KMV and transmitted to KSM/KMS via the hy-
brid cable. For this purpose

e  configure KMV as a zone beginner (X141 equipped with RKB0033 cable
or not connected, P-0-0249=2)

e and assign a digital input at KMV (X37.4 or X38.4) to P-0-0223
(P-0-0300)

KMV transmitting an E-Stop signal KMV transmits the E-Stop signal of the previous safety zone.
There are two possible procedures:

e  Configure KMV as zone beginner (X141 equipped with RKB0033 cable
or not connected, P-0-0249=2)

e  "P-0-0223, E-Stop input" not entered in any element of P-0-0300
or

®  Configure KMV as zone node (X141 equipped with RBS0023 connector,
P-0-0249=1)

e "P-0-0223, E-Stop input" not entered in any element of P-0-0300
Parameters involved e  P-0-0223, E-Stop input

e  P-0-0249, E-Stop and safety zones

e  P-0-0300, Digital inputs, assignment list

7.2 Additional functions for mains supply
7.2.1 Brief description

Mains supply is characterized by the permanent regeneration of energy to the
power grid (low-voltage or medium-voltage grid). The DC bus is the energy
source. Country-specific standards and the regulations of the power supply
company apply to mains supply to power grids.

Example of a German standard or code of practice:

VDE-AR-N 4105 Power plants connected to the low-voltage distribution net-
work - Technical requirements for the connection to and parallel operation of
power plants at low-voltage distribution networks (08/2011, low voltage: nom-
inal voltage < 1 kV)
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System structure
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Using the additional functions for mains supply does not ensure
that the country-specific standards and regulations of the power
supply company are complied with.

The implemented additional functions for mains supply are characterized by
the following properties:

®  General properties

Permanent regeneration of energy to the power grid

®  Properties resulting from normal DC bus voltage control mode [see
chapter 6.2 "Voltage control" on page 116]

DC bus voltage control

Automatic synchronization to the power grid
Detection of an existing power grid

Mains disconnection in case the power grid fails
Making available reactive power

®  Specific properties of the additional functions for mains supply:

Reduction of the regenerated active power in the case of overfre-
quency according to characteristic (see chapter "Limiting and re-
ducing active power flow to the mains depending on frequency" on
page 123)

Dynamic input of the maximum regenerated active power by the
power supply company (see chapter "Limiting the active power flow
to the mains" on page 124)

Support of a freely definable cos(p) characteristic / reactive power
generation depending on active power flow (see chapter "Reactive
power command value specification depending on the active pow-
er" on page 125)

Advanced mains monitoring / voltage and frequency monitoring
(see chapter "Advanced mains monitoring" on page 127)

IS

The additional functions for the mains supply are provided in the
firmware = PSB21VRS. Enable the functional package "MSE" re-
quiring a license (also see chapter 2.4 "Overview of functions/
functional packages" on page 14).

Energy can be fed to the low-voltage grid or to the medium-voltage grid.
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Medium-voltage grid

Transformer Supply unit DC bus capacitor Inverter
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Low-voltage grid

H |+

Supply unit DC bus capacitor Inverter

——— e
Transformer
-

| SN Ji J\/ﬂ

H [+

CCEENCING

DF000973v01.des

Fig. 7-1: Setup for connection fo medium- and low-voltage grid

Direct connection to the low-voltage grid does not require a transformer, so
there are no specific requirements.

Connection to the medium-voltage grid is only possible via transformer, since
the KMV03 and HMV05 devices have been sized for mains connection vol-

tages of at most 500 V and 690 V. In operation with transformer only the syn-
chronization to the power grid is supported without transformer.

7.2.2 Functional description
Limiting and reducing active power flow to the mains depending on frequency

By limiting and reducing the active power flow to the mains depending on fre-
quency, the active power can be reduced linearly with the mains frequency in
the case of mains overfrequencies.

= The limitation of the active power only takes effect in the case of
regeneration to the power grid.

The presently generated active power Py, (at the time the mains frequency
foower reduction start (S-0-1712.0.181) is exceeded, value is frozen) is reduced (if
frequency rises) or increased (if frequency is reduced) with a gradient of K.
er reduction_gradient (S-0-1712.0.182) of Py per Hz. However, it can only be in-
creased if power was reduced beforehand.

>f

If fmains power reduction_start then

- * *
i Pmax,freq - I:)M - (Kpower reduction_gradient PM) (fmains' fpower reduction_start)

else

Pmax,freq = Pmax,device

R911385754 _Edition 02 Bosch Rexroth AG



124/305

IndraDrive Power Supply Basic PSB-21 Functions

Advanced supply unit functions

Example of application from VDE-
AR-N 4105:2011-08

If the mains frequency falls below the value foyer reduction start @gain and the
possible regenerative power at this time is greater than the active power Py
(frozen value), the increase in the active power regenerated back to the
mains can be limited with a gradient of Kallowedfactive power increase_after_power reduction
(S-0-1712.0.183).

This function does not cause the mains to be automatically disconnected, if
the mains frequency falls below the allowed value or the allowed mains fre-
quency is exceeded.

This function has to be activated in the mains supply configuration word
(S-0-1712.0.150).

Parameters involved:
®  S-0-1712.0.150, Mains supply configuration word
—  Bit 2: Frequency-depending limitation of active power flow to mains
®  S-0-1712.0.181, Power reduction starting frequency
e  S-0-1712.0.182, Power reduction gradient
®  S-0-1712.0.183, Allowed active power increase after power reduction
Parameterization example:
S-0-1712.0.150, bit 2 = 1
S-0-1712.0.181: 50.20
S-0-1712.0.182: 40.00
S-0-1712.0.183: 10.00

This parameterization results in the pictured active power reduction in the
case of mains overfrequency:

50.2 Hz
| >
f mains AP
— AP=40% P,perHz ———»
AP
DF000958v01.des
Fig. 7-2: Active power reduction in the case of mains overfrequency in ac-

cordance with VDE-AR-N 4105:20117-08
If frnains = 50.2 Hz then

® I:’max,freq = F’M - (04 * PM) * (fmains - 502)
else

hd Pmax,freq = I:)max,device

If the mains frequency falls below the value 50.2 Hz again and the possible
regenerative power at this time is greater than the active power P,, (frozen
value), the increase in the active power supplied to the mains cannot exceed
a gradient of 10% of the maximum active power of the power plant per mi-
nute.

Limiting the active power flow to the mains

Bosch Rexroth AG R911385754 _Edition 02

Use the parameter S-0-1713.0.180 to limit the active power flowing from the
supply unit to the power grid. The power flow from the power grid to the sup-
ply unit is not limited.
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This function has to be activated in Mains supply configuration word
(S-0-1712.0.150).

If the frequency-depending limitation of the active power flow to the mains
(see chapter "Limiting and reducing active power flow to the mains depend-
ing on frequency" on page 123) is additionally activated in Mains supply
configuration word (S-0-1712.0.150), the following relation applies:

I:)regenfmax = min(Pmax,inputs Pmax,freq)
Pmaxinput €@N be input via parameter (S-0-1713.0.180).
Pmax.freq 1S determined via the frequency-depending characteristic (see chap-

ter "Limiting and reducing active power flow to the mains depending on fre-
quency" on page 123).

Parameters involved:
e  S-0-1712.0.150, Mains supply configuration word

—  Bit 1: Limiting the active power flow to the mains
e  S5-0-1713.0.180, Active power limit value, mains supply

The device’s nominal active power is used as the default value for the active
power limit value.

In power plants with a performance of > 100 kW, it has to be possible to re-
duce the active power in steps of at most 10% of the power plant’s maximum
active power. This power reduction has to be possible, in every operating sta-
tus and from every working point, with regard to a command value specified
by the power supply company. The power output has to be immediately re-
duced to the required command value, or within one minute at most.

Reactive power command value specification depending on the active power

Information for presetting the ac-
tive power-dependent cos(¢) char-
acteristic (S-0-1712.0.190 for pow-

er and S-0-1712.0.191 for cos(9))

By reactive power command value input depending on the active power, the
reactive power can be generated in accordance with the preset active power-
dependent cos(¢) characteristic (S-0-1712.0.190) and (S-0-1712.0.191). If
the active power changes, the reactive power is automatically adjusted in ac-
cordance with the specified active power-dependent cos(¢) characteristic.

The reactive power command value for reactive power control is calculated
using the following equation:

Q=P *sqrt[ 1/ (cos(p)]*-1)

S-0-1712.0.190 defines the active power axis for the cos(¢) characteristic.
The cos(p) axis is given by S-0-1712.0.191.

e S5-0-1712.0.190, Active power-dependent cos(phi) characteristic:
performance

At least two list values have to be input. The numer of list values has to
comply with the one in S-0-1712.0.191. Positive active power flows from
the power grid to the supply unit.

The active power values have to be entered in equidistant form.

The active power values have to be entered as scaled to the nominal
active power of the power plant (S-0-1712.0.192, Nominal active power
of power plant). The nominal active power of the power plant can be the
nominal active power of the device at the max. That is why the nominal
active power of the device is used as default value for S-0-1712.0.192,
Nominal active power of power plant. If the nominal active power of the
power plant is smaller than the nominal active power of the device,
S-0-1712.0.192, Nominal active power of power plant has to be adjusted
accordingly.

R911385754 _Edition 02 Bosch Rexroth AG



126/305

IndraDrive Power Supply Basic PSB-21 Functions

Advanced supply unit functions

Example of application from VDE-
AR-N 4105:2011-08
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e  S-0-1712.0.191, Active power-dependent cos(phi) characteristic:
cos(phi)

At least two list values have to be input. The number of list values has to
comply with the one in S-0-1712.0.190.

Positive cos(¢) values cause inductive behavior. Negative cos(¢) values
cause capacitive behavior.

Generally, the following applies: Linear interpolation occurs between the val-
ues of the characteristics. For values working points defined outside of the
first or last row, a reactive power command value is used in accordance with
the limit working point, i.e. the last value also takes effect beyond the range.

This function has to be activated in "S-0-1712.0.150, Mains supply
configuration word".

Parameters involved:
®  S-0-1712.0.150, Mains supply configuration word

—  Bit 3: Reactive power command value input depending on the ac-
tive power

®  S-0-1707.0.161, Effective reactive power command value

®  S-0-1712.0.190, Active power-dependent cos(phi) characteristic:
performance

e  S-0-1712.0.191, Active power-dependent cos(phi) characteristic:
cos(phi)

It has to be possible to operate power plants in the voltage tolerance band
Unenn £10% with an active power output of > 20% of the rated active power
with a displacement factor range of cos(9) = 0.94paitive t0 COS(P) = 0.9, gyctive-
If the power supply company specifies a characteristic, each command value
resulting from the characteristic has to be automatically adjusted at the power
plant within 10 seconds.

If the active power changes, the reactive power has to be automatically ad-
justed in accordance with the specified cos(g).

Parameterization example:
S-0-1712.0.150, bit 3 =1

S-0-1712.0.190

List element 0: 0.000
List element 1: 0.500
List element 2: 1.000

S-0-01712.0.191

List element 0: 1.000

List element 1: 1.000

List element 2: 0.900

This parameterization results in the cos(¢) characteristic pictured in fig. 7-3

"Example of cos(p) = f(P) characteristic from VDE-AR-N 4105:2011-08" on
page 127.
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DF000978v02.des
Fig. 7-3: Example of cos(p) = f(P) characteristic from VDE-AR-N

Advanced mains monitoring

4105:2011-08

Disconnection from the mains has to take place in the case of inadmissible
voltage and frequency values. For this purpose, the mains can be monitored
using the following functions:

Voltage reduction protection U<
(slow undervoltage detection)
- S-0-1712.0.160,

—  If one of the three phase voltage rms values falls below the thresh-
old value that has been set and the response delay defined in
S-0-1712.0.170 has elapsed, the F2814 error is output.

Voltage reduction protection U<<
(fast undervoltage detection)
- S-0-1712.0.161,

—  If one of the three phase voltage rms values falls below the thresh-
old value that has been set, the F2814 error is output.

Voltage increase protection U>
(slow overvoltage detection)
- 8-0-1712.0.162,

—  The F2815 error is output if one of the three phase voltage rms val-
ues filtered during 10 minutes exceeds the threshold value that has
been set.

Voltage increase protection U>>
(fast overvoltage detection)
- 8-0-1712.0.163,

—  If one of the three phase voltage rms values exceeds the threshold
value that has been set, the F2815 error is output.

Frequency reduction protection f<
(fast underfrequency detection)
- S-0-1712.0.164,

— If the mains frequency falls below the threshold value that has
been set, the F2811 error is output.

Frequency increase protection f>
(fast overfrequency detection)
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7.3 Island grid

- S-0-1712.0.165,

— If the mains frequency exceeds the threshold value that has been
set, the F2812 error is output.

= The advanced mains monitoring functions are based on the
standardized grid and system protection. However, the implemen-
ted grid and system protection is not entirely compliant. If grid and
system protection is required, it has to be implemented using an
external grid and system protection.

This function has to be activated in the mains supply configuration word
(S-0-1712.0.150).

Parameters involved:
e  S-0-1712.0.150, Mains supply configuration word

- Bit 0: Activating advanced mains monitoring
e  S-0-1712.0.160, Voltage reduction protection U< threshold value
®  S-0-1712.0.161, Voltage reduction protection U<< threshold value
e  S-0-1712.0.162, Voltage increase protection U>threshold value
o S-0-1712.0.163, Voltage increase protection U>> threshold value
®  S-0-1712.0.164, Frequency reduction protection f< threshold value
e  S-0-1712.0.165, Frequency increase protection f>threshold value
®  S-0-1712.0.170, Voltage reduction protection U< response delay
Diagnostics involved:
° F2811 Mains connection overtemperature

F2812 Mains overfrequency

F2814 Undervoltage in mains
F2815 Overvoltage in mains

7.3.1 Introductory definitions of terms

Grid system

Island grid

Mains operation/island grid mode

Bosch Rexroth AG R911385754 _Edition 02

A grid system is a large-scale, supraregional network of power plants (with
respect to electric power). It is operated by a power supply utility that is re-
sponsible for the mains and thus also specifies the rules for mains supply.

An island grid supplies a limited area and is not connected to the public inter-
connected system or other power networks. The power supply company has
to control the balance between consumed and generated power in the island
grid. An energy storage system can be used. The operator of an island grid
can determine individual standards for the island grid. These standards can
deviate from rules of public power supply companies.

In the following, it is differentiated between mains operation and island grid
mode In mains operation, the grid system defines the grid properties. Supply
units that supply a grid system have to synchronize their voltages and fre-
quencies to the existing grid system. In island grid mode, however, the supply
unit defines the properties of the island grid. The supply unit controls the volt-
age and frequency in the island grid and thus assumes a "grid generator
function”. The power output is determined by the loads and, where applica-
ble, other supply units in the island grid.
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7.3.2 Supply units in island grid mode

Features of the island grid mode

Supported hardware

Operation as grid generator is possible in island grid mode. This means in-
stead of the DC bus voltage, the mains voltage and the mains frequency are
controlled. Characteristic curves allow for stable island grid mode with more
generators (e.g., diesel generators) in an island grid without other communi-
cation connections. Thus, the supply unit can set up island grids and reliably
operate these grids (as the only grid generator or together with other genera-
tors) and if required, synchronize them with external grids.

Requirement for island grid mode: the DC bus voltage is specified or control-
led by one of the connected generators (generator-inverter, battery, photovol-
taic module, ...).

Essential island grid functions:

® Closed-loop mains voltage control and closed-loop mains frequency
control (operation mode: island grid mode, closed-loop controlled)

®  Open-loop mains voltage control and open-loop mains frequency control
(operation mode: island grid mode, open-loop controlled)

e  Stationary and dynamic load distribution to other energy generators in
the grid via characteristic curves

e  Use the function "Island grid black start" to establish and maintain a self-
sufficient island grid.

e Use the function "island grid synchronization to an external mains" to
connect an island grid to an external mains. To do this, change the volt-
age amplitude and the frequency of the island grid in operation and ad-
just them to the external mains before closing the main contactor.

®  Characteristics for frequency and voltage control of the grid including
load distribution

e  Hybrid mode: dynamic switching between island grid mode and mains
operation

The island grid mode is only available in supply units supported by firmware
= PSB21VRS. The supply units KMV03 (IndraDrive Mi product group) and
HMVO05 are supported.” (IndraDrive ML product range).

The island grid mode is provided in firmware = PSB21VRS . Enable the func-
tional package "MSE" requiring a license (also see chapter 2.4 "Overview of
functions/functional packages" on page 14).

These supply units can be referred to as "intelligent" supply units. They have
a bus address, different parameters to parameterize functions, a device con-
trol word and a device status word.

Refer to the relevant project planning manual for information on
Q "intelligent" supply units.
e KMVO03: Project Planning Manual with material number
R911335703
e HMVO05: Project Planning Manual with material number
R911344279

The following figure shows the HMVO05 hardware structure during the start in
island grid mode:

1) HMVO05 is the designation of a supply unit consisting of HNAO5 mains connection
module, HMUOS universal inverter and CSBO02.5 control section with firmware for
supply units (FWA-INDRV*-PSB-...). HM\V05 is not an official product designation
and is used for documentation purposes only.
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Mains contactor contact + feedback bb contact
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DF001041v01.des
Fig. 7-4: HMV05 during start in island grid mode
The following figure shows the KMV03 hardware structure during the start in
island grid mode:
r-""""--—-—-—-—-—- - - - = |
| Mains contactor contact + feedback | bb contact
I
iy v |
| & A
| v : | v
—— - - : KMV03 — @
| —_
3AC grid | Main contactor Mains filter ~ Mains choke | DC energy
L KNKO3. | source/sink
DF001042v01.des
Fig. 7-5: KMVO3 during start in island grid mode
The following figure shows the HMV05 hardware structure during the start in
mains mode:
bb contact
Mains contactor contact + feedback
V / DC energy
A 4 ‘ v HNAOQ5 | source/sink
L @ = 4 . HMUos | = @

3AC grid  Main contactor Transformer Mains filter Mains contactor Mains choke

(optional) DF001043v01.des
Fig. 7-6: HMVO5 hardware structure during start in mains mode
The following figure shows the KMV03 hardware structure during the start in
mains mode:
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3AC grid Main contactor
(optional)

! Mains contactor contact| bb contact
|
+ feedback
DC energy

: l I T source/sink

| —
| —

e . @ I KMVO3 = @

I
| Mains filter Mains choke Mains contac‘(orI
I

DF001044v01.des

Supply unit: State machine

Fig. 7-7: KMVO3 hardware structure during start in mains mode

Supply units with island grid support contain two state machines: a state ma-
chine for mains operation and a state machine for island grid mode. In pa-
rameterization mode PM, it is decided which state machine is to be used.

The supply unit starts in island grid mode, if bit 0..3 = 1 in "S-0-1715.0.150,
Basic configuration of supply unit".

The following figure illustrates the state machine in island grid mode:
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Reset S-0-1720.0.1, bit 14

Power enabled LF
bb contact -> on
IGBT enabled -> on
Mains contactor -> on

$-0-1720.0.2
[1]1]o[ofofofofof ] *[1]x [xx|x]
15 7 0

Reset S-0-1720.0.1

A

, bit15 Set S-0-1720.0.1, bit 15 (=0xD000)

A4

Reset S-0-1720.0.1,
bit 14

Ready for power output

LB

$-0-1720.0.2 ] bb contact -> on
[o[1]ofofo[o o o1 o1 [1]x [x [x]x] IGBT enabled > on
15 7] 0 Mains contactor -> off

Attained target command value voltage
and, if applicable, synchronous

I

Magnetizing transformer &
synchronizing, if applicable

bb contact -> on
IGBT enabled -> on
Mains contactor -> off

$-0-1720.0.2
(0]o]o]ofofofo]o]1]o[1]1]x [x|x]x]
15 7 0

A

Set S-0-1720.0.1, bit 14 (=0x5000)

\A

Control and power

Bb

sections ready for operation b contect > on

IGBT enabled -> off

Target state after error

Mains contactor -> off

S.0-

and clearing error

0-1720.0.2
[0]ofo]o]o]o]o]of o[t ]t]x [x]x]x]
15 7 0

u

ZK = Uc:mci. mains

Reset S-0-1720.0.1, bit 12

\4

A

Set S-0-1720.0.1, bit 12 (= 0x1000)
and
>U

UZK

+ 1%
peak
+19
cmd, mains peak 1%

A4
Ctrl section ready for oper.

bb

bb contact -> on

Target state after fatal error
and clearing error

$-0-1720.0.2 ™ IGBT enabled -> off
|O|O|O|O|O|O |0 |0|1 |0 1 0|X |X |X |X| Mains contactor -> off
15 7 L] 0
| 1
€0400 €0200 Switching to OM, PM
(S-0-0420) (5-0-0422)
v [

PM

Parameter mode

t

Initializing

f

Boot 1.1

Booting process

f

Control voltage on
or

reset

Mains contactor feedback check
-> mains contactor closed yes/no

Mains voltage check
-> island grid available yes/no

Hardware enabled

[IndraBus / module bus is ready for
power on and Off input at HNAO5
(XG33, pin 4-5) is closed]

DC000232v02.fh

= 1: Point
mode pac

Special case for "Ready for power output”, S-0-1720.0.2, bit 6

of mains voltage measurement is 0. The operation
kage D is active, the mains contactor is already

closed during transition from Bb to LB. For more details, see
section Black start in island grid on page "Black start in island
grid" on page 138
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** Special case for "Control section ready for operation"”,
S-0-1720.0.2: If the Off input at HNAO5 (XG33, pin 4-5) is not
connected or interrupted, bit 5 remains on logic 0.

Fig. 7-8: State machine in island grid mode

The supply unit starts in mains mode, if bit 0..3 = 0 in "S-0-1715.0.150, Basic

configuration of supply unit".

fig. 3-11 " Device control (general state machine)" on page 36 shows the

state machine in mains operation.

Supply unit: Operating states

Subsequently, the operating states are in island grid mode:

Supply unit island grid mode

bb

A0534 Ctrl section ready for oper., DC
bus voltage not available

Bb

A0505 Power supply module ready for
operation

DC bus voltage available

Lb

A0533 Island grid, voltage build-up

Magnetizing the transformer
and, if required, synchronization
with available island grid

LB

A0532 Island grid, ready for power output

Magnetizing the transformer and
synchronization completed

LF

A0530 Island grid mode

Island grid voltage is available
for loads

Tab. 7-1:

Operating states in island grid mode

In the following table, the operating states in mains operation are listed for
comparison:

Supply unit mains operation

bb

A0504 Control section ready for oper.,
mains voltage not available

Bb

A0505 Power supply module ready for
operation

Mains voltage available

charg

A0503 DC bus charging active

DC bus charging

Lb

A0502 Supply module in operation

DC bus charging completed

LB

A0500 Supply module in voltage control

Selected operation mode active

Tab. 7-2:
Overview of the operation mode packages:

Supply unit: Operation mode pack-
ages

Operating states in island grid mode
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Dynamic operation mode
Operation mode change in case of
Bit 0..3 of Istand grids Overation mod Select Pack-
8-0-1715.0.150 | Bit 8 of S-0-1715.0.150 | —Poraton modes election age
0: Mains operation 0: not allowed
1: Island grid mode 1: allowed
° DC bus voltage control
Primary + secon- | ® DC bus voltage control, floating A
dary e  Rectifier mode
0 0 o Mains current control
o DC bus voltage control
o DC bus voltage control, floating
. . Rectifier mode
Primary + secon-
dary o Mains current control B
o Island grid mode, closed-loop con-
trolled
0 1 ° No black start possible
o Island grid mode, open-loop control-
led
Primary C
(] Island grid mode, closed-loop con-
1 0 trolled
° DC bus voltage control
o DC bus voltage control, floating
) ] Rectifier mode
Primary + secon- )
dary o Mains current control D
(] Island grid mode, closed-loop con-
trolled
1 1 o Black start possible
Tab. 7-3: Overview of the operation mode packages

Bosch Rexroth AG R911385754 _Edition 02

Bits 0..3 and 8 of "S-0-1715.0.150 Basic configuration of supply unit" define
the operation mode package (A, B, C or D). Only the operation modes availa-
ble in the selected operation mode package can be assigned to the primary
and secondary operation modes in parameterization mode PM. In the ope-
rating mode OM, a dynamic change between primary and secondary opera-
tion modes with their selected operation modes is possible. Exception: opera-
tion mode package C.

For dynamic switching (primary and secondary operation mode switching)
between mains operation and island grid mode, enable bit 8 "Dynamic opera-
tion mode change in case of island grids allowed" in parameter
"S-0-1715.0.150, Basic configuration of supply unit".

= In the case of the operation mode packages B, C and D, the
specified power is positive if the power flow direction is: DC bus to
the (island) grid. In the case of the operation mode package A,
the positive power flows from the (island) grid to the DC bus.
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Detailed properties of island grid mode

In contrast to mains operation at the grid system, no mains phase has to be
determined in island grid mode. Thus, mains voltage measurement is not
necessarily required. For mains voltage control/mains frequency control and
for synchronization to an existing island grid, mains voltage measurement is
mandatory. The mains voltage measurement can be connected to different
points in the voltage circuit, see the following figure:.

Open-loop mains voltage control
and open-loop mains frequency

control

2 1 0
\ m F\/\ DC energy
source/sink
h 4
T O =L [ 5O
3AC grid (Island) Transformer  Mains filter Mains choke Supply unit
mains contactor Df001045v02 des
Fig. 7-9: Possible points for mains voltage measurement

The point for mains voltage measurement is specified by the following config-
uration parameters:

S-0-1715.0.150, Basic configuration of supply unit

e  Bits 7..4 = 0: Mains voltage measurement on primary side (supply unit)
of transformer

e  Bits 7..4 = 1: Mains voltage measurement on secondary side (load side)
of transformer

e  Bits 7..4 = 2: Mains voltage measurement after main contactor on island
grid side or load side

Parameter "S-0-1715.0.150, Basic configuration of supply unit" only allows
certain combinations, see the following table:

Possible points of
Bit 0..3 of Bit 8 of Mains voltage meas-
S-0-1715.0 | S-0-1715.0 | Package urement Notes
150 150 (Bits 7.4 of
S-0-1715.0.150)
0 0 A 0 Only mains operation
0 1 B 0 Hybrid operation
1 0 c 1,2 Only island grid
mode
1 1 D 0 Hybrid operation
Tab. 7-4: Allowed configurations of "S-0-1715.0.150 "

A constant voltage and a constant frequency is output by the supply unit in
the open loop mains voltage control (S-0-1716.0.160) and the open loop
mains frequency control (S-0-1716.0.161). The voltage waveform is sinusoi-
dal and displaced by 120° (3-phase).

The maximum voltage output by the supply unit, including an optionally avail-
able transformer is defined in S-0-1716.0.162 as protection against overvolt-
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Closed-loop mains voltage control
and closed-loop mains frequency
control
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age. The gear ratio of the optionally available transformer is taken into con-
sideration.
Parameters involved:

S-0-1716.0.160, Island grid voltage command value

S-0-1716.0.161, Island grid frequency command value

e  S-0-1716.0.162, Island grid voltage, maximum value

In case of the mains voltage control and the mains frequency control, the
mains voltage and the mains frequency is controlled depending on the re-
spective power. The command value input is specified by characteristic
curves. The following figure shows the characteristic curve for mains frequen-
cy command value input as a function of the active mains power:
f

A mains

x%-o-wm.o.wo (f))
S-0-1716.0.171 (slope)

P

supply unit absorbs energy supply unit supplies energy

»
»

P

mains

Df001051v01.des

Fig. 7-10: f-P characteristic

The following figure shows the characteristic curve for mains voltage com-
mand value input as function of the active mains power:

u

A mains

x%-o-wm.o.m (U,)
S-0-1716.0.173 (slope)

Q

supply unit, capacitive qupply unit, inductive

[
»

Qmains

Df001050v01.des

Fig. 7-11:
No communication has to be established between the members of an island
grid supply group by using the characteristic curves, as stable mains opera-
tion is ensured by lowering the open loop mains frequency and open loop
mains voltage.

U-Q characteristic
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The following parameters are available to parameterize the characteristic
curves:

e  S-0-1716.0.170, f-P characteristic: f,

. S-0-1716.0.171, f-P characteristic: Slope
e S5-0-1716.0.172, U-Q characteristic: U,

e S-0-1716.0.173, U-Q characteristic: Slope

The slope for the f-P characteristic and the slope for the U-Q characteristic
refer to the nominal values of supply unit power.

The maximum voltage output by the supply unit, including an optionally avail-
able transformer is defined in S-0-1716.0.162 as protection against overvolt-
age. The gear ratio of the optionally available transformer is taken into con-
sideration.

As long as the closed-loop mains voltage control and the closed-loop mains
frequency control are disabled, i.e. the supply unit has not yet reached state
LF or A0530, the following command values are active for the voltage output:
e S-0-1716.0.160, Island grid voltage command value

e S5-0-1716.0.161, Island grid frequency command value

During the phase progression in LF, a command value jump can sporadically
occur. A jump can occur if f, differs considerably from the command value of
the island grid frequency or if U, differs considerably from the command val-
ue of the island grid voltage. Another reason can be if the island grid has a
considerable load right from the start.

The values of the characteristic curve for the island grid voltage are not di-
rectly specified but are specified via a voltage controller. Thus, the dynamics
of the command value change can be adjusted.

The voltage controller is configured via the following parameters:
e "S-0-1716.0.180, Voltage controller proportional gain" (K,)
e "S-0-1716.0.181, Voltage controller integral action time" (T,)

The characteristic curve values for the island grid frequency are not specified
directly either but are specified via a simple filter.

The filter can be configured via the following parameter:
e  S-0-1716.0.183, Filter time constant, island grid frequency, ctrler output

The characteristic curve mode can be disabled via "S-0-1716.0.150, Island
grid mode control word", bit 0. In this case, closed-loop control is performed
with regard to the specified command values ("S-0-1716.0.160, Island grid
voltage command value" and "S-0-1716.0.161, Island grid frequency com-
mand value"). A performance-dependent adjustment does not take place.

To synchronize two grids (e.g. supply and island grid), a phase controller is
required, eliminating the phase difference. This is required if an island grid is
detected during the magnetization phase Lb and if subsequently, an activa-
tion is to be facilitated or if the active island grid is to be adjusted to another
mains.

The phase controller is configured via the following parameters:
e "S-0-1716.0.184, Phase controller proportional gain" (Kp)
e "S-0-1716.0.185, Phase controller integral action time" (T,)

If a synchronization to an external mains has to be performed, set bit 1 to 1 in
parameter "S-1-1716.0.150, Island grid mode control word". As a synchroni-
zation to an external mains is only possible in case of a disabled characteris-
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tic curve operation, bit 0 has to be set to 1 in parameter "S-0-1716.0.150, Is-
land grid mode control word". If both mains are synchronous, the main con-
nector is closed and bit 0 is set to 1 in parameter "S-0-1717.0.150, Island grid
mode status word". If the characteristic curve mode is to be used or is re-
quired by the system, it has to be enabled again, i.e. bit 0 has to be setto 0 in
parameter "S-0-1716.0.150, Island grid mode control word".

For synchronization to a mains, an external measuring device is required
(e.g. power measuring terminal), determining the voltage and phase differ-
ence. The values determined for voltage and phase difference have to be cy-
clically written by an external measuring device or a higher-level control to
the following parameters:

e "S-0-1718.0.160, External synchronization, voltage difference" [in V,
momentary values of the phase-to-phase mains voltage as reference
value]

A command value minus the actual value is expected. This means, tar-
get voltage minus the voltage of the island grid system.

° "S-0-1718.0.161, External synchronization, phase shift" [in °, mains
phase as reference value]

A command value minus the actual value is expected. This means, tar-
get phase minus the phase of the island grid system.

After synchronization has been completed successfully, bit 0 is set to 1 in pa-
rameter "S-0-1717.0.150, Island grid mode status word". The voltage differ-
ence and the phase difference and not evaluated anymore. The cyclic data
transmission is not required anymore.

This function refers to the build-up of the island grid voltage, starting from
voltage zero with an opened main contactor to the external grid. Usually, a
component black start (DC 24-V-supply) is required. A self-sufficient island
grid can be established and maintained.

= Upon a black start, the supply unit always generates a clockwise
mains.

As a sudden connection of the island grid voltage is to be avoided, the island
grid voltage is slowly increased until it has reached its command value
(S-0-1716.0.160). In case a mains transformer is available, the slow voltage
rise is simultaneously used to magnetize the mains transformer. The rise time
constant for the island grid build-up can be parameterized via
"S-0-1716.0.186, Filter time constant, voltage build-up".

Upon the start of the supply unit, it is verified if mains voltage has already
been applied. If no mains detected (mains voltage < command value island
grid voltage * 0.05), the condition of a black start is met.

Case 1: Point of mains voltage measurement is 1 and the operation mode
package C is active

If the DC bus voltage is within its tolerance limits, the island grid voltage is
slowly increased until it has reached its command value. The supply unit can
subsequently be switched to LF and thus close the main contactor if the volt-
age output by the supply unit is also measured at 1. If this is not the case, the
supply unit remains in LB.

Case 2: Point of mains voltage measurement is 2 and the operation mode
package C is active

If the DC bus voltage is within its tolerance limits, the island grid voltage is
slowly increased until it has reached its command value. The supply unit can
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subsequently be switched to LF and thus close the main contactor if no volt-
age is measured at 2. If this is not the case, the supply unit remains in LB.

Case 3: Point of mains voltage measurement is 0 and the operation mode
package D is active

The mains contactor is already closed during the transition from Bb to LB in
this special case. After the mains contactor was closed, the island grid volt-
age is slowly increased until its command value is reached. No other action is
carried out during the transition from LB to LF.

However, if a mains is detected (mains voltage = command value island grid
voltage * 0.05), the behavior of the supply unit depends on the selected oper-
ation mode.

Case 1: Selected operation mode = island grid mode, closed-loop controlled

In case the mains is available and if the mains is to be controlled, the supply
unit synchronizes to the existing mains. This is not a real black start (see "Is-
land grid synchronization to an external mains" on page 137).

Case 2: Selected operation mode = island grid mode, open-loop controlled

In case the mains is available and if the mains is to be controlled, the supply
unit outputs the error "F2803 Black start impossible" The supply unit does not
go into operation.

Parameters involved:
e S5-0-1716.0.186, Filter time constant, voltage build-up

The DC voltage applied to the DC bus has to be controlled by other devices,
such as the generator-side inverter, or by other sources (e.g., by a battery).
Devices providing the DC bus voltage have to ensure that the DC bus voltage
remains in the defined limits.

Depending on the island grid-side load of the supply unit, the DC bus has to
be supplied with energy. The DC bus can be an energy sink as well as an
energy source. If energy flows from the island grid via the supply unit to the
DC bus, it has to be ensured that this energy is dissipated. For example, if
the DC bus is provided by a battery, the battery has to be charged in this
case. If the DC bus is provided by devices that cannot absorb energy, such
as a diesel generator, the energy has to be converted to heat by a braking
resistor.

If the DC bus voltage leaves the defined tolerance limits, diagnostic messag-
es are output:

e  EB8025 Overvoltage in power section

In case of overvoltage in the DC bus, the output stage of the supply unit
is locked. The supply unit reports warning E8025. If the DC bus voltage
exceeds the maximum allowed DC voltage, there is an overvoltage in
the DC bus. The maximum allowed DC voltage depends on the device
and is stored in the device as a device base parameter.

e  F2026 Undervoltage in power section

In case of undervoltage in the DC bus, the output stage of the supply
unit is locked. The supply unit reports error F2026. If the DC bus voltage
falls below (island grid command voltage * v2 * 1.01), there is undervolt-
age in the DC bus.

If a mains transformer is used between the supply unit (HMV05/KMV03) and
the island grid (of the load) to transform the voltage , the mains transformer
has to be magnetized before connecting the supply unit to the island grid.
The mains transformer has to be magnetized if the mains transformer is part
of the island grid supply unit and is also disconnected from the mains when
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shutting down the system. Without magnetization by the supply unit, very
high transformer inrush currents would flow when shutting down the system.
These inrush currents can sporadically result in impermissible mains pollution
or in an overcurrent shutdown by the supply unit.

The firmware: =2 PSB21VRS is responsible for the magnetization operation.
Moreover, the transformer data can optionally be taken into consideration;
consequently, the transformer is part of the supply unit in the overall view.

The static transformation data are required to take the transformer into con-
sideration:

®  Phase offset between primary and secondary side

e \/oltage ratio between primary and secondary side
Configure the following parameters:

®  S-0-1715.0.160, Transformer vector group

®  S-0-1715.0.161, Primary side transformer voltage

e  S-0-1715.0.162, Secondary side transformer voltage

I Only the vector groups Dy5, Dyn5, Dy11 and Dyn11 are suppor-
ted.

The vector group is entered according to the following scheme:
S-0-1715.0.160, bit 3..0: Characteristic value

0x0: characteristic value 0

0x5: characteristic value 5

0x6: characteristic value 6

0xB: characteristic value 11

S-0-1715.0.160, bit 7..4: Neutral conductor

0x0: no neutral conductor lead out

0x1: neutral conductor lead out

S-0-1715.0.160, bit 11..8: Secondary side connection
0x0: no input

0x1: delta connection (d)

0x2: star connection (y)

0x3: zig-zag connection (z)

S-0-1715.0.160, bit 15..12: Primary side connection
0x0: no input

0x1: delta connection (D)

0x2: star connection (Y)

Examples:

e Dy5=0x1205

e Dyn5=0x1215

e Dy11=0x120B

e Dyn11=0x121B

= When entering a vector group of 0x0000, firmware 2 PSB21VRS
does not take a transformer into consideration.
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In the case of a real transformer, the phase offset and the voltage ratio
change with the transformer load. If the mains voltage is measured at the
secondary side of the transformer, this effect is compensated for by the con-
trol.

If no mains voltage measurement is available at the secondary side of the
transformer, the transformer secondary voltage has to be estimated for the
synchronization of the transformer secondary voltage to the island grid.

The following variables are required:

e  S-0-1715.0.170, Transformer magnetizing inductance

® S-0-1715.0.171, Resistance on primary side of transformer

e S5-0-1715.0.172, Leakage inductance on primary side of transformer

The mains voltage errors and phase errors are determined by approximation.
After the synchronization has been completed, these errors are still used, ir-
respective of the actual load of the transformer.

The dynamic transformer model can be disabled if the leakage inductance
and the resistance are set to 0 and the main inductance has a value unequal
to 0.

A DC offset in the phase currents can result in saturation of a connected, un-
loaded or lightly loaded transformer. This can result in current harmonics or
oscillations with high amplitudes. This becomes evident by the flow of the
currents. However, partially also by unpleasant noises.

f KP TI Umax
: N : JN
Mains phase
currents Filter PI Limitation
controller 'Offset
Voltage
contro?ler * PWM g
Voltage Island grid
command value voltage

DF001052v01.des

Fig. 7-12: Current offsef compensation

To compensate for a DC offset in phase current, a Pl controller is used. A fil-
ter separates the DC offset from the higher-frequency components. To con-
trol the maximum amplitude of the DC offset control, a limit can be parame-
terized.

Parameters involved:

S-0-1716.0.190, Current offset compensation: Proportional gain
S-0-1716.0.191, Current offset compensation: Integral action time
S-0-1716.0.192, Current offset compensation: Cutoff frequency
S-0-1716.0.193, Current offset compens.: Bipolar ctrler output limitation

The function can be enabled via bit 2 of parameter "S-0-1716.0.150, Island
grid mode control word".

If a short circuit occurs on the load side, the behavior depends on the level of
the short circuit current:

° If the short circuit current is lower than the continuous current of the is-
land grid sources, the short circuit current continues to flow until the
short circuit is resolved by a fuse. The island grid voltage is not affected.
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bus precharge
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If the short circuit current is higher than the continuous current of the is-
land grid sources, level and duration of the short circuit current are deci-
sive:

- If the maximum thermal loading capacity of the supply unit is ex-
ceeded, the supply unit locks the output stage and reports the fatal
error "F8060 Overcurrent in power section".

- If a device-specific overcurrent threshold is exceeded, the supply
unit reports the warning "E8028 Overcurrent in power section".

— In all other cases, the system goes into a current-controlled state
and the voltage output at the supply unit is reduced so that max.
the current limit value of the temperature model is flowing and min.
the continuous current. The supply unit reports the warning "E8057
Device overload, current limit active". The closed-loop mains volt-
age control and the closed-loop mains frequency control, as well
as the open-loop mains voltage control and the open-loop mains
frequency control, go to the current-controlled state.

ISy

If the fuse is not promptly triggered in case of a short-circuit, the
standardized mains tolerance limits are violated. Thus, an unde-
fined working point occurs for the connected loads. To prevent
this, advanced mains monitoring can be enabled (see chapter
"Advanced supply unit functions/additional functions for mains

supply").

If the supply unit starts in island grid mode ("S-0-1715.0.150, Basic configura-
tion of supply unit" bit 0..3 = 1), the bb contact is closed if the supply unit is in

state

bb and is ready for connection of the external DC bus voltage.

If the supply unit starts in mains operation ("S-0-1715.0.150, Basic configura-
tion of supply unit" bit 0..3 = 0), the bb contact is closed if the supply unit is
ready for mains connection or if "Close main contactor" has been selected.

If the supply unit starts in island grid mode ("S-0-1715.0.150, Basic configura-
tion of supply unit" bit 0..3 = 1), the module bus/IndraBus has to be disabled
in the supply unit. For this purpose, set bit 15 = 1 in parameter "P-0-0118,
Power supply, configuration".

7.3.4 Typical fields of application

Operation mode package B (i.e. start in mains operation)

With/without transformer (transformer does not have to be taken into ac-
count)

DC bus precharge at grid system or island grid by different source

Synchronization with grid system or island grid by different source dur-
ing DC bus precharge

Mains current control at grid system or island grid by different source

Dynamic switching to island grid with characteristic curve operation as
the only source or as supporting source
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I
[ I
| V | DC energy
source/sink
| | A 4 L
/ 2 (==t - ———L ¢ — @
I I —_
3AC grid Main contactor Transformer | Mains filter Mains choke Mains | Supply unit
| contactor | Df001046v02.des
A J
Fig. 7-13: Hybrid operation with DC bus precharge
Case 2: Hybrid mode with black e Operation mode package D (i.e. start in island grid mode)
start With/without transformer (if required, take ideal gear ratio and ideal
phase offset into consideration)
e  Black start with DC bus energy
®  Generating island grid in characteristic curve operation
e  Another island grid source synchronizes to the island grid
[ ]

Dynamic switching to mains current control in the case of supply by oth-
er island grid source

DC energy
source/sink

A 4

) gty

/ . = ( i )
[ —_
3AC grid Main contactor Transformer | Mains filter Mains choke Mains Supply unit
| contactor Df001046v02.des
A d
Fig. 7-14: Hybrid mode with black start
Case 3: Simple island grid mode e  Operation mode package C (i.e. start in island grid mode)
e  With/without transformer (if required, take ideal gear ratio and ideal
phase offset into consideration)
®  No other sources in the island grid
®  Black start
e |sland grid mode with characteristic curves
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Vv DC energy
source/sink
h 4
3AC grid  Main contactor Transformer  Mains filter Mains choke Supply unit
Df001047v02.des
Fig. 7-15: Simple island grid mode (point of mains voltage measurement is 1)
2
\% DC energy
source/sink
h 4
3AC grid (Island) Transformer  Mains filter Mains choke Supply unit
mains contactor Df001048v02.des

Fig. 7-16: Simple island grid mode (point of mains voltage measurement is 2)
Case 4. Island grid mode e  Operation mode package C (i.e. start in island grid mode)

e  With/without transformer (requirement: take ideal transformation ratio
and ideal phase offset into consideration)

®  Assumption: Voltage error of transformer is negligible (transformer is un-
loaded during synchronization procedure)

e [f necessary, other sources in the island grid
o With/without black start
® |sland grid mode with characteristic curves

2
\% DC energy
source/sink
v
3AC grid (Island) Transformer  Mains filter Mains choke Supply unit
mains contactor Df001048v02.des

Fig. 7-17: Island grid mode

Case 5: Island grid mode with syn- e Operation mode package B, C or D
chronization by external measure- . .
ment ©®  Operation with a real transformer (voltage error of transformer has to be

taken into account) and other source in the island grid
®  Or synchronization of the island grid to a different grid

e  For the purpose of synchronization, an external measuring device cycli-
cally provides phase and voltage errors for the phase and voltage con-
troller in the supply unit

o During synchronization, operation without characteristic curve; subse-
quently operation with characteristic curve is possible

Bosch Rexroth AG R911385754 _Edition 02



IndraDrive Power Supply Basic PSB-21 Functions 145/305

Advanced supply unit functions

®

DC energy
¢ source/sink

1

11}

T Ho

@i =ix

3AC grid  Main contactor Transformer | Mains filter ~Mains choke  Mains Supply unit
contactor Df001049v02.des
o
Fig. 7-18: Island grid mode with synchronization by external measurement

7.4 DC/DC converter mode
7.4.1 DC/DC converter mode

Features of the DC/DC converter
mode

A DC/DC converter is a converter, converting DC voltage to a DC voltage of
a different level.

Input: Output:
DC bus Energy buffer (e.g., battery)
o— = ———o0
uml lum
o— = —o0
DF001055v01.des
Fig. 7-19: DC/DC converter

If the output voltage is higher than the input voltage, this is referred to as
"boost converter". If the output voltage is reduced with regard to the input
voltage, this is referred to as "buck converter".

In DC/DC converter mode, the electric energy flow between two DC systems
is controlled.

Main use case: The electric energy flow is controlled and flows from the DC
bus to an energy buffer or from an energy buffer back to the DC bus. That is
why the DC/DC converter is ideal to charge or discharge batteries or super-
caps.

Another use case: Connecting the DC energy power plants (e.g. solar power
systems or fuel cells) at a DC bus.

Coupling of DC grids of different voltages is possible.
Essential DC/DC converter functions:

e  Bi-directional energy flow in both directions (from DC bus to energy buf-
fer or from energy buffer to DC bus)

®  Buck converter (Upc < Uz)

e  Two-quadrant operation is supported

®  Precharging of existing capacitors at the output
e  Operation modes:
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Supported hardware

—  DC voltage control (DC output voltage)
—  DC current control (DC output current)

The basis for the DC/DC converter is an inverted on which the firmware of
the supply unit is loaded.

The DC/DC converter mode is supported by the HMUO5 inverter (IndraDrive
ML product group) and the CSB02.5 control section. Note: DC/DC converter
mode is only possible with HMUOS5 inverters, supporting parallel operation. In
contrast to mains operation and island grid mode, the mains connection mod-
ule HNAOS is not required anymore in DC/DC controller mode.

The DC/DC converter mode is provided with firmware = PSB21VRS. Enable
the functional package "DCE" requiring a license (also see chapter 2.4
"Overview of functions/functional packages" on page 14).

The following figure shows the HMUOS hardware structure in DC/DC convert-
er mode:

Inverter Balancing Commutation Output capacitor DC contactor
Ly (HMUO05) choke choke (optional) (application)
° L1 . . . ODC+
Uae l L2 | |
L3
(o3 UDC ‘[
L- T ‘[
® v—/ 0
DC-
Df001056v01.des

Fig. 7-20: HMUO5 as DC/DC converter

Due to the circuit configuration, only a low DC output voltage can be gener-
ated (buck converter). The system limits the voltage level, the DC output volt-
age can as a maximum reach to the level of the DC bus voltage.

The polarity of the DC output voltage cannot be changed in case of this con-
figuration. Result: a 2-quadrant operation.

The DC output current can be determined via the phase current measure-
ments in the inverter. However, an external voltameter is required for meas-
uring the DC output voltage. The determined DC output voltage has to be
read in via an analog input at the inverter. Parameter "S-0-1742.0.160, DC
voltage feedback value" has to be entered as target value for the DC output
voltage measurement when configuring the analog input.

7.4.2 Operation modes

Bosch Rexroth AG R911385754 _Edition 02

To enable the DC/DC converter mode, change the basic configuration in par-
amterization mode (PM). Set bits 0..3 to 2 in parameter "S-0-1715.0.150,
Basic configuration of supply unit". A device restart is mandatory. With active
DC/DC converter mode, the bits 0..3 have the value 2 in parameter
"S-0-1717.0.151, Supply unit status".

In case of active DC/DC converter mode, the following options are available
for the primary operation mode and the 3 secondary operation modes.

. DC current control:

A current command value is specified for the DC/DC converter (by a
higher-level control unit) via parameter "S-0-1741.0.161, DC current
command value". The DC output current is closed-loop controlled.
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The following figure shows an overview of the control loop structure including
the relevant parameters.

|S-0-1741.0.180

[S-0-1741.0.181

|S-0-1741.0.182

[S-0-1741.0.161

|S-0-1742.0.162 |
A

|S-0-1741.0.183 |

J

Current
limitation

[S-0-1741.0.186

|S-0-1741.0.184

[S-0-1741.0.185
(Direct)

+
>
»

v

-

Current cmd
value filter

___/
- current control /\

A4

PWM

Voltage
limitation

S-0-1742.0.161 |

DF001062v02.des

0-1741.0.161
0-1741.0.180
0-1741.0.181
0-1741.0.182
0-1741.0.183
0-1742.0.161
0-1742.0.162
0-1741.0.184
0-1741.0.185
S-0-1741.0.186
S-0-1707.0.1
Fig. 7-21:

e DC voltage

S-
S-
S-
S-
S-
S-
S-
S-
S-

DC current command value

Bipolar DC current limit value

Positive DC current limit value

Negative DC current limit value

DC current command value filter, time constant
Actual value of DC current

DC current, effective command value
DC current controller proportional gain
DC current controller integral action time
DC current controller output limitation
Actual DC bus voltage

Schematic diagram of the current control loop

control:

A voltage command value is specified for the DC/DC converter (by a
higher-level control unit) via parameter "S-0-1741.0.160, DC voltage
command value". The DC output voltage is controlled. Control is imple-
mented as a cascade control system. This means, voltage control speci-
fies a current command value for the subordinate current control.

The following figure shows an overview of the cascade control system with
current control loop and voltage control loop, including the relevant parame-

ters.
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S-0-1741.0.180
S-0-1741.0.181

S-0-1741.0.182

S-0-1741.0.171

S-0-1741.0.160
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Voltage cmd

value filter
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A
S-0-1741.0.184
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(Direct)
voltage control
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(Direct)
current control
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value filter

Voltage
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S-0-1742.0.161

DF001063v02.des
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S$-0-1741.0.160
S$-0-1741.0.161
S$-0-1741.0.170
S$-0-1741.0.171
S-0-1741.0.172
$-0-1741.0.180
S$-0-1741.0.181
$-0-1741.0.182
S-0-1741.0.183
S-0-1742.0.161
S-0-1742.0.162
S-0-1741.0.184
S$-0-1741.0.185
S$-0-1741.0.186
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DC voltage command value

DC current command value

DC voltage command value filter, time constant
DC voltage controller proportional gain

DC voltage controller integral action time
Bipolar DC current limit value

Positive DC current limit value

Negative DC current limit value

DC current command value filter, time constant
Actual value of DC current

DC current, effective command value

DC current controller proportional gain

DC current controller integral action time

DC current controller output limitation

Actual DC bus voltage

Fig. 7-22:

Iy

Schematic diagram of the voltage control loop

As protection against overvoltage, the maximum DC output volt-
age that the controller may provide is defined in "S-0-1741.0.186,
DC current controller output limitation". Due to losses in the out-
put stage of the controller, deviations can occur. These deviations
can result in the actual voltage limitation exceeding the parame-
terized value by several volts.

The DC/DC converter is connected to the DC bus (comparable to an axis)
and thereby shows the same behavior as an axis with regard to the module
bus/IndraBus, bb relay control and DC bus. The energy source (e.g. battery
system, HMVO05, ...) is used to control the DC bus voltage. It is assumed that
the energy provided for the DC bus is always sufficient. Control of the DC bus
voltage is not possible in DC/DC converter mode. Monitoring of the DC bus is
not provided either (only overvoltage cut-off).

DC/DC converter operating states

In the following, the operating states in DC/DC converter mode are listed.

DC/DC converter mode

A0534 Ctrl section ready for
oper., DC bus voltage not
available

bb

A0505 Power supply module

Bb ready for operation

DC bus voltage available
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DC/DC converter mode

Lb

A0543 DC voltage build-up

The DC output voltage is slowly con-
trolled to the command voltage to
load a potentially existing output ca-
pacitor in a controlled manner.

A0542 DC supply, ready for

DC output voltage build-up comple-

LB power output ted

LF | A0540 DC mode active DC output voltage is available to the
loads

Tab. 7-5: Operating states in DC/DC converter mode

DC/DC converter state machine

The following figure shows the state machine in DC/DC converter mode:

Reset S-0-1720.0.1, bit 14
and S-0-1741.0.150, bit 0= 0

or
Reset S-0-1720.0.1, bit 15
and S-0-1741.0.150, bit 0= 1

Power enabled
S-(J;] 720.0.2

—_

[1]1]o[ofo[oJo]of t]o]t]1]x [xx]x]
7 0

Reset S-0-1720.0.1, bit 15
and S-0-1741.0.1

15—

LF

bb contact -> on
IGBT enabled -> on

A

50, bit0=0
A\

Set S-0-1720.0.1, bit 15 (=0xD000)

A

Ready for power output

Reset S-0-1720.0.1,
bit 14

$-0-1720.0.2
[0]*]o[ofofoJo]of]o[1]1]x [x]x]x]
15 7 0

TTarget command value voltage attained

Soft start/
DC voltage build-up

$-0-1720.0.2

Reset
S-0-1720.0.1,

[0fo[o]o]oo oot [1]1]1]x [x]x]x]
15 7 0

bit 14
A 4

Set S-0-1720.0.1, bit 14 (=0x5000)
and S-0-1741.0.150, bit0=0

LB

bb contact -> on
IGBT enabled -> on

Set S-0-1720.0.1, bit 15 (=0x9000)
and S-0-1741.0.150, bit0 =1

bb contact -> on
IGBT enabled -> on

Control and power

\4

sections ready for operation

Target state after error

S$-0-1720.0.2

and clearing error

Reset S-0-1720.0.1, bit 12

orU Ucmd. DC+1%

DCbus =

[0]o[o]o]o]o]o]of]o[1]1]x [x]x]x]
15 7 0

Bb

bb contact -> on
IGBT enabled -> off

A

and U
and

A4

Set S-0-1720.0.1, bit 12 (= 0x1000)
0
bobus ~ Yemd, b T 1%

Ctrl section ready for oper.

Target state after fatal error

\ 4

$-0-1720.0.2
[0]ofo]o]o]o]o]of1]o[1]ofx [x]x]x]
15 7 0

and clearing error

\4

A

Initializing

bb

bb contact -> on
IGBT enabled -> off
Hardware enabled

DC000233v02.th

Bit 14 of S-

0-1720.0.2 is O, if the DC voltage build-up is disa-

bled (i.e. in S-0-1741.0.150 bit 0 = 1).

Fig. 7-23:

State machine in DC/DC converter mode
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74.5 DC output voltage build-up

7.4.6 DC contactor

Bosch Rexroth AG R911385754 _Edition 02

It has to be assumed that the circuit of the DC output voltage contains a con-
siderable capacity. Consequently, abruptly connecting a DC voltage to the
output DC voltage circuit is not possible since this would result in overcurrent.
Analog to precharging the DC bus, the DC output voltage has to be increased
slowly. This is achieved by means of the DC voltage control loop. The control
loop increases the voltage using a controlled DC current. The level of the cur-
rent is limited to the maximum device current by the DC current controller. If
the capacity in the DC output circuit has already been partially charged,
charging to the target command value takes place in the same manner.

If the optionally installed capacitor is missing on DC-side, the voltage build-up
can be disabled via bit 0 of parameter "S-0-1741.0.150, DC/DC converter
control word". Set bit 0 to 1 to disable the voltage build-up.

The DC contactor has to operated via a higher-level control. Control via the
supply unit firmware is not provided.
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8 Optional device functions

A WARNING Dangerous movements! Danger to life, risk of

injury, serious injury or property damage!

e Keep free and clear of the ranges of motion of machines and moving
machine parts.

®  Prevent personnel from accidentally entering the machine’s range of
motion (e.g., by using safety fences, safety guards, protective coverings,
light barriers).

e  Make sure that the drives are brought to safe standstill before accessing
or entering the danger zone.

8.1 Availability of the optional device functions

For an overview that illustrates in which base or functional packages the re-
spective optional device functions are available, see chapter "Overview of
functions/functional packages, Availability of the optional device functions".

8.2 Error reaction

Error classes

Depending on the operation mode that is used and specific parameter set-
tings, the controller carries out monitoring functions. The controller generates
an error message if a state is detected that no longer allows correct opera-
tion.

Errors are classified into error classes. The error class is represented by the
first two digits of the diagnostic message number.

If the controller is in control (drive enable was set) and an error occurs, it au-
tomatically starts an error reaction. This error reaction depends on

®  The error class of the error that occurred
®  The setting of parameter P-0-0860, Converter configuration

In the case of supply section errors, the supply unit is powered
off. The mains contactor is disconnected and in the case of fatal
errors the "Bb contact” is additionally opened.

There are different error classes with increasing priority. They lead to differ-
ent reactions regarding power off and the signaling of errors via IndraBus/
module bus.

Error situation Error reaction of the supply section

Device signals F2xxx Error-specific reaction

Device signals F28xx

Power off;

IndraBus/module bus signal "DC bus voltage error, mains failure" is generated

Device signals F4xxx No reaction

Device signals F8xxx Error-specific reaction

Device signals F88xx

Power off, "Bb contact" is opened;

IndraBus/module bus signal "supply error" is generated
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Error situation Error reaction of the supply section

Device signals F9xxx

Power off, "Bb contact" is opened;

IndraBus/module bus signal "supply error" is generated

IndraBus/module bus signals
"supply error"

Power off, "Bb contact" is opened

IndraBus/module bus signals
"inverter error"

Depending on P-0-0860 bit 2:
1: Power off, open "Bb contact"

0: no reaction

Tab. 8-1: Error reactions of the controller depending on error class and
IndraBus/module bus

In case of errors affecting the supply section of the device (Fx8xx), the power

supply is generally switched off. If a fatal error of the supply section has oc-

curred, the "Bb contact" is additionally opened.

8.3 DC bus short circuit

The "DC bus short circuit" (ZKS) function is available for discharging the DC
bus. This function discharges the DC bus via the braking resistor. ZKS can
only be carried out if a braking resistor is available within the drive system.
The following hardware dependencies have to be taken into account:

®  The KMV supply unit has an internal braking resistor and ZKS is control-
led using "S-0-1720.0.1, Power supply control word" bit 10.

° Supply units with HMU do not have an internal braking resistor. ZKS in
this case has to be implemented via an external braking transistor mod-
ule (HLT) and in connection with an external braking resistor (HLR). The
control is implemented via the digital inputs of HLT and HNA (see Proj-
ect Planning Manual).

As long as the supply unit is connected to the mains, ZKS is blocked via the
IndraBus signal "DC bus short circuit blocked". If the feedback contact of the
mains contactor signals mains disconnected, ZKS is enabled.

The DC bus is discharged at the limit load of the braking resistor using a two-
state controller at the warning threshold. If ZKS is active and the load has
reached the warning threshold, discharging is switched off. If the load falls
10% below the warning threshold, discharging is switched back on.

The discharging status can be diagnosed via "S-0-1720.0.2, Power supply
status word" bit 10.

8.4 Rexroth IndraMotion MLD (integrated PLC)
8.4.1 Brief description
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Assignment to functional firmware package: Expansion packages
@ IndraMotion MLD (order code ML)

The expansion package "IndraMotion MLD" provides the function of a PLC
integrated in the supply unit in accordance with IEC 61131-3 with the follow-
ing scope of functions:

e |[ntegrated logic control
—  Compliant with IEC-61131-3
—  Online change
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—  Debugging
Basis for technology functions

Loading and using self-contained PLC programs (technology functions)
by Rexroth.

This functionality expansion is described in detail in the separate
documentation "Rexroth IndraMotion MLD (2G) as of MPx-18"
(DOK-INDRV*-MLD3-**VRS*-AP**-EN-P; mat. no. R911338914).

All libraries available in IndraMotion MLD are described in the
separate documentation "Rexroth IndraMotion MLD (2G) Libra-
ries as of MPx-18" (DOK-INDRV*-MLD-SYSLIB3-RE**-EN-P;
mat. no. R911338916). Please observe that functions available
for motion axes cannot be used with the PSB firmware. In the at-
tempt to command a function block that is not supported, the
Error output is set at this function block.

The "IndraMotion MLD" function can be activated in the FWA-INDRV*-
PSB-21VRS-D5 firmware. For this purpose, the functional package ML has to
be enabled.

See also:

"Overview of functions/functional packages"
"Enabling functional packages"

The functional package "IndraMotion MLD" includes the following general
features/characteristic values:

It is possible to configure up to 4 different user tasks. Possible task
types:

—  Periodic (minimum cycle time: 2 ms)

—  Freewheeling (permanently cyclic)

—  Event-triggered (minimum reaction time: 2 ms)

Memory resources:

Internal code memory: 2 MB (program, constants, management)

66% thereof can be used for the project. The rest is reserved for
online change.

—  Data memory: 3 MB (variables, instances, management)
—  Storage of the boot project: 650 kB in parameters
—  Retain memory: 472 bytes (including persistent variables)

The PLC integrated in the supply unit (IndraMotion MLD) has communi-
cation interfaces to ...

- ... the device-internal (local) inputs/outputs or parameters.

— ... an external control (e.g., field bus PLC) via a master communi-
cation interface (sercos, field bus, ...).

— ... an external operator panel (HMI).

Parameters for general purpose:

—  Parameters for process image: PIl inputs
— 20 input words of 2 bytes each
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—  8input words of 4 bytes each

Parameters for process image: POI outputs

— 20 output words of 2 bytes each

Global registers (4 bytes)

— 32 buffered parameters

— 32 unbuffered parameters

List parameters (4 bytes)

— 1 list register with 8192 values (not buffered)
—  3list registers with 1024 values (buffered)

2 global text registers with 255 characters each
Display format of the global registers that can be parameterized

Name, unit and limit values of the global registers can be config-
ured via PLC functions

Other features:

Extensive debug options (Single-Step, Watch, Force/Write, Break-
points, Powerflow)

File access from the PLC (saving source code on uSD card, ...)

Configuration of symbols for accessing parameters and for access-
ing PLC variables of the HMI

Access to Ethernet interface

Parameters involved  PLC parameters for general purpose:

P-0-1350, PLC control word

P-0-1351, PLC status word

P-0-1352, PLC user program administration data

P-0-1361, PLC program name
P-0-1363, PLC project info
P-0-1367, PLC configuration
User program (filing):

P-0-1353, PLC user program area 0

P-0-1354, PLC user program area 1

P-0-1355, PLC user program area 2

P-0-1356, PLC user program area 3

P-0-1357, PLC user program area 4

P-0-1358, PLC user program area 5

Process input images Plls
P-0-1390, PLC input WORDO AT %IB0
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to

P-0-1409, PLC input WORD19 AT %IB38
P-0-1440, PLC input DWORD25 AT %I1B100

to

P-0-1447, PLC input DWORD32 AT %IB128
Process output images POls
P-0-1410, PLC output WORDO AT %QBO0
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to

P-0-1429, PLC output WORD19 AT %QB38
Global PLC registers, unbuffered:
e P-0-1270, PLC Global Register A0

to

P-0-1301, PLC Global Register A31
Global text registers, unbuffered:
e P-0-1387, PLC Global Register ATO

to

P-0-1388, PLC Global Register AT1
Global list register, unbuffered:
e P-0-1368, PLC Global Register ALO
Global PLC registers, buffered:
e P-0-1370, PLC Global Register GO

to

P-0-1385, PLC Global Register G15
e P-0-1316, PLC Global Register G16

to

P-0-1331 PLC Global Register G31
Global list registers, buffered:
e  P-0-1389, PLC Global Register GLO
e  P-0-1311, PLC Global Register GL1
e P-0-1312, PLC Global Register GL2
To configure the display format of the registers:
e P-0-1386, PLC display format Global Register

8.4.2 Notes on installation / system configuration

Installation

System configuration

To install "IndraMotion MLD" on the PC, it is necessary to install the current
version of the "IndraWorks MLD" commissioning tool on the PC.

The PLC programming system "IndralLogic" has been integrated in the
"IndraWorks MLD" commissioning tool. Both systems can be used simultane-
ously and in parallel access the supply unit or the PLC function.

The system configuration of "IndraMotion MLD" is carried out using a PC with
"IndraWorks MLD" installed that communicates with the supply unit via
TCP/IP communication.

The projects are filed on the PC. The generated binary code is loaded to the
control section of the supply unit and stored in parameters.

8.4.3 Function blocks for PSB firmware derivative

All libraries are available for the PSB firmware for supply units. However, the
function blocks of the "MX_PLCopen" library, which are intended specifically
for motion axes, cannot be used.

In the attempt to command a function block that is not supported, the Error
output is set at this function block.
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8.4.4 Overview of the function of parameters for general purpose

The following parameters are available for communication between
"IndraMotion MLD" and "external devices":

Global Registers GO to G31 (buffered)
- P-0-1370 bis P-0-1385 und P-0-1316 bis P-0-1331

— Global registers with a data length of 4 bytes; parameters as registers
with individual values for data exchange of the PLC with the supply unit
or a higher-level PLC or control unit

Global Registers AO to A31 (unbuffered)
- P-0-1270 bis P-0-1301

— Parameters for data exchange (input and output data) of the PLC with
a higher-level control unit or HMI

Global Text Registers AT (unbuffered)
- P-0-1387, P-0-1388

- Freely usable text parameter with a maximum of 255 characters plus
terminating zero character

Global list registers GL (buffered)
- P-0-1389, P-0-1311, P-0-1312

— List parameters with 1024 elements (4 bytes each) for data exchange
of the PLC with an external control or HMI

Global list register AL (unbuffered)
- P-0-1368

- List parameters with 8192 elements (4 bytes each) for data exchange
of the PLC with an external control or HMI

Process input images Plls
- P-0-1390 to P-0-1409 (2 bytes each —» word-wise)
- P-0-1440 to P-0-1447 (4 bytes each — double word-wise)

— Parameters contain the process image of the PLC inputs (Plls); Be-
fore the beginning of the task, the PLC reads the values in the Plls and
updates the process image of the inputs.

Process output images POls
- P-0-1410 to P-0-1429 (2 bytes each —» word-wise)

— Parameters contain the process image of the PLC outputs (POls); at
the end of the task, the PLC writes the value from the POls to the out-
puts

8.5 Digital inputs/outputs

8.5.1 Brief description

General information

Hardware requirements

Bosch Rexroth AG R911385754 _Edition 02

In their basic variant, all devices of the IndraDrive ML range already have
configurable digital inputs/outputs.

The table below shows the number and function of the digital inputs/outputs.
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Parameters involved

Diagnostic messages involved

8.5.2

General information

Control section "DA" option
Control section type Number of stand- | Number of switch- | Number Number Number of switch-
ard inputs (probe |able Inputs Outputs able
inputs thereof) Inputs/outputs Inputs/outputs
CSB02.5B 11 (2) 5 6 6 2
KMV03 4(2) 4 DA option is not possible
Tab. 8-2: Control section, number of inputs/outputs
For further hardware properties, see the respective Project Planning Manual.
Features e  Sampling of digital inputs and outputs or transmitting data to them is

done every 500ps.

Configurable digital inputs/outputs with effective direction that can be
freely set to some extent (input or output):

Probe inputs are queried in steps of us
All inputs/outputs refer to the level of 0 V (LOW) or 24 V (HIGH)
Multiple assignments for an input possible with multiple parameters

An output can be used simultaneously as an input on the same parame-
ter.

Signal states of digital inputs/outputs are mapped to their respective in-
dividual parameters.

Digital outputs can be directly controlled by the control master, if not
used on supply unit side

S-0-0398, IDN-list of configurable data in signal status word
S-0-0399, IDN-list of configurable data in signal control word

Digital inputs

P-0-0300, Digital inputs, assignment list

P-0-0301, Digital inputs, bit numbers

P-0-0303, Digital inputs, input image of device
P-0-0306, Digital inputs, assignment connector and pin
P-0-0307, Digital inputs, input image sub-device

Digital outputs

P-0-0304, Digital outputs, output image of device
P-0-0310, Digital outputs, assignment list

P-0-0311, Digital outputs, bit numbers

P-0-0312, Digital outputs, assignment sub-device
P-0-0313, Digital outputs, output image sub-device
P-0-0316, Digital outputs, assignment connector and pin
F2010 Error when initializing digital 1/0 (-> S-0-0423)

Functional description

IS

Each individual input or output can be assigned to parameters of
the supply unit. The IDN of the allowed parameters can be found
in the IDN lists of S-0-0398 and S-0-0399.
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Cases to distinguish for determin-
ing source or target

Status image of the assigned pa-
rameters of the supply unit

Status of device-side inputs/
outputs

Deactivation

Validity check of configuration lists

Bosch Rexroth AG R911385754 _Edition 02
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Depending on whether an IDN is parameterized in the parameter "P-0-0300,
Digital inputs, assignment list" or "P-0-0310, Digital outputs, assignment list",
the IDN entry is used as a target or source.

e  Input of a supply unit (sub-device)

In the case of an input, the bit configured in the parameter "P-0-0301,
Digital inputs, bit numbers" of an IDN (target parameter) defined in
P-0-0300 is written with the logic value (0 or 1) provided at the input of
the sub-device (P-0-0307).

e  Output of a supply unit (sub-device)

In the case of an output, the content of the bit configured in "P-0-0311,
Digital outputs, bit numbers" is taken from the IDN (source parameter)
determined in P-0-0310 and transmitted to the output of the sub-device
(P-0-0313).

= If P-0-0300[i] = "S-0-0000", the respective entry in P-0-0301 is ig-
nored. If P-0-0310[i] = "S-0-0000" is parameterized, the respec-
tive entry in P-0-0311 is irrelevant!

®  Access of the supply unit to a hardware input

The parameter P-0-0306 is used to assign any hardware input to the in-
put image of the supply unit (P-0-0307). For the double-row X35 con-
nector of the CSB02.5B control section this means that the row has to
be specified in addition to the connector and pin. For digital input 14, for
example, the value 35207 has to be parameterized. 35 for the connector
designation, 2 for the second row and 07 for the PIN of the connector.

e  Writing a hardware output

The output image of the supply unit (P-0-0313) is linked to any hardware
output using P-0-0312 and P-0-0316.

= The following parameters can be used as a status image of the
assigned parameters:

e  P-0-0307, Digital inputs, input image sub-device
e P-0-0313, Digital outputs, output image sub-device

= The signal status of the digital inputs/outputs is displayed in the
following parameters:

e  P-0-0303, Digital inputs, input image of device
e  P-0-0304, Digital outputs, output image of device

To deactivate an input, the IDN "S-0-0000" can be entered in parameter
P-0-0300 in the respective list element. Alternatively, the corresponding list
element can be written with "0" in P-0-0306.

When deactivating an output, the corresponding list element can be written
with the IDN "S-0-0000" in parameter P-0-0310, or the corresponding list ele-
ment can be written with "0" in parameter P-0-0312 or P-0-0316.

When a new assignment list is input or an element of the list is changed, all
entries are checked for validity. If an entry is invalid (i.e. no allowed IDN en-
tered) only this invalid entry is rejected.

Incorrect entries are rejected when the list is checked and set to
the respective default value.
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Direct access to digit. Inputs/Outputs of the Control Section via Master Communication

Accessing digital inputs/outputs

Behavior if master communication
fails

In order to directly actuate ("set") the digital outputs of the device via the
master communication or directly query ("read out") the digital inputs, the pa-
rameters "P-0-0303, Digital inputs, input image of device" and "P-0-0304,
Digital outputs, output image of device" can be included in the cyclic data of
the master communication.

Prerequisites:

® Including parameter P-0-0303 in the group of cyclic actual values
(Sercos: S-0-1050.y.6, Sercos connection: Configuration list; field bus:
"P-0-4080, Field bus: Config. list of cyclic actual value data ch.")

® Including parameter P-0-0304 in the group of cyclic command values
(Sercos: S-0-1050.x.6, Sercos connection: Configuration list; field bus:
"P-0-4081, Field bus: Config. list of cyclic command value data ch.")

o  Deactivating the axis access to the digital inputs/outputs is required. For
this purpose, the list element assigned to the digital input is set to 0 in
P-0-0306, accordingly in P-0-0312 for digital outputs.

e  For the digital outputs it is additionally required to assign connector and
PIN using P-0-0316.

® In the same way it is possible to address the digital inputs/outputs via
the signal control word or status word.

= The digital outputs can only be directly controlled if they are not
used on the supply unit side.

The figure below illustrates the access to the digital inputs/outputs of the con-
trol section via the master communication by the example of Sercos.

Setting >[5-0-1050.x.6

OUtE s %‘,{ﬁf Control section
: A P-0-0316
: —o"’E: Outputs

Master N
“ | Inputs

; E Enter

Reading 1IDN!

nputs 1»5-0-1050.y.6| Device

DF000100v03_en.th

S-0-1050.x.6 Sercos Connection: Configuration list (Instance of connection
produced by the slave)

S-0-1050.y.6 Sercos Connection: Configuration list (Instance of connection
produced by the slave)

P-0-0303 Digital inputs, input image of device

P-0-0304 Digital outputs, output image of device

P-0-0316 Digital outputs, assignment connector and pin

Fig. 8-1: Accessing digital inputs/outputs of the control section via Sercos

master communication

If the cyclic communication fails, the value "0" is written to the parameters;

this means that those digital outputs are deleted to which the master trans-

mits data via the cyclic communication.
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8.5.3 Notes on commissioning
Configuring the inputs/outputs

Configuring the inputs/outputs via  To configure the digital inputs/outputs, it is recommended to select the pa-
IndraWorks dialog  rameterization via IndraWorks supported by a dialog. The IndraWorks dialog
to configure the digital inputs is called by double-clicking on "lI/O X31/X32" in

the Project Explorer.

=-{gll IndraDrive [55] default

----- b Master Communication

+ [~%| Power Supply [65] defautt

—“_"I Local 1/0s
----- P10 ¥31432
..... "_ _,'!.nahjg |r||:|L|‘t 1%32
..... "_ ,'!cnahjg ||'||:|L|‘t 2 X35
..... "_ Analog Input 3 X35
"y Analog Output 1 X35
i "/ fnalog Output 2 X325

ouy =

Fig. 8-2: Local I/Os in the Project Explorer with CSB0Z2.5B control section
The following dialog will open in which the digital inputs/outputs can be para-
meterized.
Digital Inputs Status
PIN Signal Bit -
() 311~ 50-0000: notassigned - 0~
() X312 - 5-0-0000: not assigned - -
() %313 ~ 5-0-0000: not assigned - 0~
() ¥31/4 - S0-0000: notassigned - 0~ |s
() X315 ~ 5-0-0000: notassigned - -
() ¥31/6 ~ 5-0-0000: not assigned - 0~
() X317 - S0-0000: notassigned - 0~
0 - ~ 5-0-0000: notassigned - 0~
Q0 - ~  5-0-0000: notassigned - 0 -
'.;) = ~  5-0-0000: not assigned - 0~
',;) - - 5-0-0000 : not assigned - 0~
Digital Outputs
PIN signal Bit
O =/ - 5-0-0000 : not assigned - 0 -
Q - ~ | [C] 50-0000: notassigned - 0~
0 - ~ [C]  5-0-0000: not assigned - 0~
O - ~ [] S-0-0000: not assigned - 0~
Q - ~ | [C] 50-0000: not assigned - 0~
DBO01113
Fig. 8-3: "Digital inputs/outputs” dialog with CSB02.5B control section

Using the pull-down menus, the parameters and bit numbers can be as-
signed to the inputs/outputs of the device. In the "PIN" column, the interface
pin from which input it is read or which output is set is parameterized.

An output is configured like an input. However, the check box has to be addi-
tionally ticked (see figure) for an output to configure the parameter P-0-0312
accordingly.
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The LEDs at the left side of the dialog show the states of the individual in-
puts/outputs. By clicking "Status" the assignments of the interface connec-
tions are displayed in addition to the status.

Digital Inputs ( Status ) -
. PIN Signal Bit s Status local I/Os @
Q X311 - 5-0-0000: not assigned - 0~ 31 X32
\:) ¥31/2 ~  5-0-0000: not assigned - 0~ | orobe 1~ T —— GND
Q X313~ 5-0-0000: notassigned - 0~ | 2/probe 2 —OH 2 | 2 Lot
H_) X31/4 +  5-0-0000 : not assigned A 0~ |2 13 -3 |3 La_1+
Q X315 - 5-0-0000: notassigned - 0~ L4 -8
H_) X31f6 = 5-0-0000: not assigned - 0~ |_5 —‘J—T
L_) X317 - 5-0-0000: not assigned - 0 - I_E _J_T
H_) - =~  5-0-0000: not assigned - 0~ I:? —\_)—T
L_) - - 5-0-0000: not assigned - 0 - V08 ~J—T
2 - = 5-0-0000: not assigned - 0~ —
0 - - | 5-0-0000 : not assigned - ol-| . X35
a2+ —{1.1]21 la_3+
Digital Outputs a2 —1.2[22 la_%
PIN signal Bit GND_100 —— 13|23 —— GND_100
QO wiys - S-0-0000 : not assigned hd 0~ Oal——l4/24 0 az
Q - ~ [0 S-0-0000: not assigned - 0~ GND_a_1 —{13|251  GND_a_2
Q - = [ 5-0-0000: notassigned hd 0~ 1802 —O-16|26 10— 1 13
Q - -~ [0 5-0-0000: not assigned - 0~ 1003 —O1 72710 14
Q - = [] 5-0-0000: notassigned - 0~ I_11/0_4 —O 18|28 -0 1 15
1.12/0 5 —OH1.9|29 -0 116
Analog input 1X32 Analog output 1 X35
0,005 V 0, 000 vV
Analog input 2 X35 Analog output 2 X35
22,768 V 0, 000 vV
Analog input 3 X35
22,397 Vv
DBO01114
Fig. 8-4: Assignments of the interface connections

Configuring inputs via single pa-  As an alternative to the dialog-based parameterization of the digital inputs/
rameter editor  outputs, the settings can be made directly in the parameters. It is required to
call the single parameter editor in IndraWorks.

File  Edit ‘iew Project Diagnostics  Tools  Window  Help

il i b B B o o | & B v | U] 6| Pom

[z Project Explorer - 0 .
_I_-| : 5 Parameter editor

Fig. 8-5: Parameter editor

Using the single parameter editor, a parameter and a bit can be assigned to a
selected input by entering the corresponding parameter IDN. The configura-
tion procedure is described in the following.

Using parameter "P-0-0306, Digital inputs, assignment connector and pin", it
is specified which pin of the relevant connector is copied to parameter
"P-0-0307, Digital inputs, input image sub-device". Each bit of parameters
P-0-0307 has a fixed assignment to the list elements of parameter P-0-0300
or P-0-0301, i.e. P-0-0307, bit 0 is applied to list element 0 of parameter
P-0-0300 and P-0-0301, bit 1 is applied to list element 1 etc.
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Configuring outputs via single pa-
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The identification numbers (IDN) of the target parameters are entered in list
parameter "P-0-0300, Digital inputs, assignment list". The bits are selected
via parameter "P-0-0301, Digital inputs, bit numbers".

The status of the interface is reflected in "P-0-0303, Digital inputs, input
image of device".

[P-0-0306] [P-0-0307] [P-0-0300] [P-0-0301]
0000.0000
X341 3104 P-0-4028 15
%3101 P-0-4085 0
1 <)
\ 2
/|
4
0000.0000
DF000428v01.th
Parameters involved:
P-0-0300, Digital inputs, assignment list
P-0-0301, Digital inputs, bit numbers
P-0-0303, Digital inputs, input image device
P-0-0306, Digital inputs, assignment connector and pin
P-0-0307, Digital inputs, input image sub device
Fig. 8-6: Digital inputs

Using the single parameter editor, a selected bit of a parameter can be as-
signed to an output by entering the corresponding parameter IDN. The con-
figuration procedure is described in the following.

The identity numbers (IDN) of the source parameters are parameterized in
list parameter"P-0-0310, Digital outputs, assignment list". The bits are selec-
ted via parameter "P-0-0311, Digital outputs, bit numbers".

Each list element of parameters P-0-0310 or P-0-0311 has a fixed assign-
ment to the bits of parameter "P-0-0313, Digital outputs, output image sub-
device", i.e. list element O of parameter P-0-0310 and P-0-0311 is applied to
bit 0 of P-0-0313, list element 1 is applied to bit 1 etc.

The parameter "P-0-0312, Digital outputs, assignment sub-device" has to be
written with "1" to assign the sub-device output image to the digitalen outputs.

Parameter "P-0-0304, Digital outputs, output image of device" reflects the
status of the digital outputs. The list elements of parameter P-0-0312 are di-
rectly connected to the bits of P-0-0304. This assignment is analogous to
P-0-0310.

Use parameter "P-0-0316, Digital outputs, assignment connector and pin",
determine to which pins of the connectors the respective bits of P-0-0304 are
copied.
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[P-0-316] | [P-0-0304] | [P-0-0312] | [P-0-0313] | [P-0-0310] | [P-00311]
1 3108, | 0000.0000,
; \\\ $-0-0304 0
! P-0-0115 15
) 0000.0000,_|
8 i
10
DF000429v01_de.fh
) "1" for CSB02.5 control sections

Parameters involved:
P-0-0310, Digital outputs, assignment list
P-0-0311, Digital inputs, bit numbers
P-0-0304, Digital outputs, output image device
P-0-0316, Digital outputs, assignment connector and pin
P-0-0313, Digital outputs, output image sub device
P-0-0312, Digital outputs, assignment sub device
Fig. 8-7: Digital outputs

8.5.4 Diagnostic and status messages
Digital inputs/outputs on control section

States of digital inputs/outputs  The states (= signal states) of the digital inputs/outputs are displayed in the
parameters P-0-0303 and P-0-0304:

e Bitset ("1")

— At the assigned input/output, a HIGH level (+24 V) is provided.
e  Bit not set ("0")

— At the assigned input/output, a LOW level (0 V) is provided.

Checking for invalid bit numbers  When entering data in parameter P-0-0301 or P-0-0311, a check is run to find
out whether the specified bit number is a valid bit of the parameter (IDN) con-
figured in parameter P-0-0300 or P-0-0310.

The following applies:
e  2-byte parameter - bit numbers between 0 and 15 allowed
®  4-byte parameter - Bit numbers between 0 and 31 are valid

= In case of invalid inputs or inputs/outputs that have not been con-
figured yet, "0" is displayed as bit number.

8.6 Integrated command value generator
8.6.1 Brief description

The integrated command value generator can be used for commissioning
and controller optimization. The command value generator is used to gener-
ate various signal shapes (square wave, sine, noise, sine sweep) that are
added to the closed control loop as command values.

= In conjunction with the integrated oscilloscope function, the inte-
grated command value generator also provides the possibility of
measuring the frequency response.
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Parameters involved
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o Possibility of generating different signal shapes that are added as com-
mand values to the respective controller command value (voltage or cur-
rent)

The following signal shapes are possible:
—  Square-wave signals

—  Sine signals

— Noise signals

—  Modified sine signals

—  Sine sweep

e  Generating the voltage and current command values in the voltage con-
troller clock

e  With regard to amplitude and frequency, generated command values
can be freely defined

° P-0-1150, Command value generator output

e  P-0-1151, Command value generator, list of possible target parameters
e  P-0-1152, Command value generator, target parameter assignment
®  P-0-1153, Command value generator, control word

° P-0-1154, Command value generator, offset

o P-0-1155, Command value generator, amplitude

e  P-0-1156, Command value generator, duration 1

o P-0-1157, Command value generator, duration 2

e  P-0-1158, Command value generator, periodic time

e  P-0-1159, Command value generator, sine sweep start frequency

® P-0-1160, Command value generator, sine sweep end frequency

° P-0-0028, Oscilloscope: Control word

° P-0-0031, Oscilloscope: Time resolution

e  P-0-0032, Oscilloscope: Size of memory

®  S-0-1706.0.1, DC bus voltage command value
e  S-0-1706.0.11, Active-current generating component, command value

®  S-0-1706.0.12, Reactive-current generating component, command
value

8.6.2 Functional description
Setting/activating the function

Clock rate

Activation

Bosch Rexroth AG R911385754 _Edition 02

The integrated command value generator provides the possibility of generat-
ing and adding voltage and current command values in the voltage controller
clock for commissioning.

The command value generator is activated and controlled via parameter
"P-0-1153, Command value generator, control word" by setting the enable
bit. When the enable signal has been set, the generator generates command
values.

In parameter P-0-1153, it is also possible to specify that the enabling of the
command value generator is automatically deactivated in the case of errors.
In this case, the enable signal has to be set again after each error or after the
control voltage has been switched on.
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Selecting the target parameter

Selecting the signal shape
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In order that the generated command values take effect, drive enable has to
be set.

This can be done in the following ways:
® Via a digital input
®  Via the master communication

The identity number of the parameter is entered in parameter "P-0-1152,
Command value generator, target parameter assignment" to which the output
signal of the command value generator is applied to.

The IDNs of the possible target parameters for the generator output are
specified in parameter ""P-0-1151, Command value generator, list of possible
target parameters"

The following list shows possible target parameters to which the output signal
of the command value generator (P-0-1150) can be assigned:

e S5-0-1706.0.1, DC bus voltage command value
° S-0-1706.0.11, Active-current generating component, command value

e S-0-1706.0.12, Reactive-current generating component, command
value

@ See also description of parameter "P-0-1151, Command value
generator, list of possible target parameters”

= The unit and attribute of the generated signal are adjusted ac-
cording to attribute and unit of the assigned parameter. S-0-0000,
Dummy parameter can also be assigned as target parameter of
the command value generated to use the command value gener-
ator as waveform generator.

= The target parameter is written in limited form according to its
minimum and maximum values set while the signal in the com-
mand value generator output (P-0-1150) is output with the para-
meterized amplitude without restriction. If an amplitude is set
which leads to the value exceeding the maximum value or drop-
ping below minimum value of the target signal, the signal sequen-
ces in the command value generator output and in the target pa-
rameter do not match.

The shape of the desired output signal is determined using the respective bits
in parameter "P-0-1153, Command value generator, control word".

It is possible to choose between the following command value signal shapes:
e  Square-wave signals

— Pulse generator with definable pulse/pause relationship, variable fre-
quency and direct voltage component (offset)

e  Sine signals

- Sine generator generates signal up to theoretical maximum frequency
of 2 kHz with variable frequency and direct voltage component (offset)

® Noise signals

— Noise generator generates wide-band "white noise"; amplitude of the
noise signal can be defined as a mere factor or using an envelope curve
(= square-wave signal)
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Advanced settings
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Modified sine signals

- Modified sine generator generates composite sine shape consisting of
two joined half-waves of different signs and different periodic times

Sine sweep

— The sine sweep generator generates a sine whose frequency varies,
with an amplitude and an offset. The frequency increases linearly from
the starting frequency to the end frequency.

Other possible settings in the control word of the command value generator:

Activation of periodic signal generation

— Selected signal is cyclically generated and output with a periodic time
(frequency) that can be defined

Switch-off delay

- The deactivation of the command value generator (command value
generator output = "0") can be delayed, i.e. the deactivation is delayed
until the signal period is complete.

Pulse generator (for square-wave signal)

Bosch Rexroth AG R911385754 _Edition 02

The pulse generator generates a square-wave signal that can be varied in
the following properties:

Frequency or periodic time of the signal
Amplitude

Offset (DC offset; positive/negative)
Pulse/pause relationship

The exemplary figure below illustrates the output signal of the pulse genera-
tor with manual intervention:

cde - ————— .
value ! 1
1 1
P-0-1155 X !
1
e e f __________ R LT TR -
' 1
P-0-1155/2 P'O'v1 154 '
| T
: ! t
' | -

«—P-0-1156 —><—P-0-1157 —>
—  PO1158—— >
DKO000066v01_en.fh

P-0-1154 Command value generator, offset

P-0-1155 Command value generator, amplitude
P-0-1156 Command value generator, duration 1
P-0-1157 Command value generator, duration 2
P-0-1158 Command value generator, periodic time
Fig. 8-8: Oulput signal of pulse generator

IS

If periodic command value generation has been selected in the
control word, parameter "P-0-1158, Command value generator,
periodic time" determines the cycle time or periodic time.

In the case of P-0-1158 = (P-0-1156) + (P-0-1157), the result is a
periodic square-wave signal, if the periodic output has additionally
been activated in the control word.
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Sine generator

Advanced settings

Noise generator

Output format (amplitude modula-
tion)
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The sine generator generates a sine that can be varied in the following prop-
erties:

®  Frequency or periodic time of the signal
e  Amplitude
e  (Offset (DC offset; positive/negative)

The exemplary figure below illustrates the output signal of the sine generator
with the possibilities of influencing:

cde
value

i
P-0-1154

(

< P-0-1158 >

DK000067v01_en.th

P-0-1154 Command value generator, offset
P-0-1155 Command value generator, amplitude
P-0-1158 Command value generator, periodic time
Fig. 8-9: Oulput signal of sine generator

= The target parameter selected in parameter P-0-1152 determines
the initial angle of the signal. For currents it is 90°.

Advanced settings can be selected in parameter "P-0-1153, Command value
generator, control word":

® |n many cases it is important that the sine signal does not contain any
offset (area under the curve). The deactivation of the command value
generator can therefore be delayed until the period is complete
(P-0-1153, bit 6 ).

® If no target parameter (P-0-1152 = S-0-0000) has been assigned to the

output of the command value generator, the signal waveform can be
switched from sine to cosine (P-0-1153, bit 9).

The method of the feedback shift register is used for generating the random
numbers. In each sequence a bit for the output is generated which is set or
cleared at random so to speak. The periodic time of the noise signal is set to
4095 clocks (Ta yoitage)-

= The generated noise signal is free of mean values over an entire
period.

There are the following options for outputting the pulse sequences:

e Noise signal as square-wave signal with parameterizable amplitude and,
if necessary, offset component

- Amplitude is set to positive or negative according to the sign of the
feedback shift register
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Modified sine generator

Sine sweep generator
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o Noise signal with continuous amplitude

— Feedback shift register is interpreted as numerical value and evalu-
ated with amplitude

The exemplary figure below illustrates the output signal of the noise genera-
tor with the possibilities of influencing:

]

cmd [— o
value
P-0-1155/2
l P-0-1155
] I D I IO D A S R ,,
P-0-1154
t +: t
Lot

DK000068v01_en.th

P-0-1154 Command value generator, offset
P-0-1155 Command value generator, amplitude
Fig. 8-10: Output signal of noise generator

In addition, a modified sine generator is available with two different half-
waves of the same amplitude. The output signal of the generator can be var-
ied in the following properties:

o Frequency or periodic time of the signal
o Duration of the first half-wave

®  Duration of the second half-wave

e  Amplitude

e  Offset (DC offset; positive/negative)

The exemplary figure below illustrates the modifiable output signal of the sine
generator with the possibilities of influencing:

cde
value

,,‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, :,,
P-0-1154 |
oY ;

(

[——P-0-1156 —>3<— P-0-1157 —VE

DK000188v01_en.th

P-0-1154 Command value generator, offset
P-0-1155 Command value generator, amplitude
P-0-1156 Command value generator, duration 1
P-0-1157 Command value generator, duration 2
Fig. 8-11: Oulput signal of noise generafor

The sine sweep generator generates a sine with varying frequency. The fre-
quency increases linearly from the starting frequency to the end frequency
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("sweep up") and decreases linearly down to the initial frequency ("sweep
down").

The following output signal properties can vary:
e  Starting frequency
e End frequency

®  Periodic time of signal (duration of "sweeping up" and "sweeping down"
in total).

e  Amplitude
e Offset (DC offset, positive/negative)

= The periodic time of the sweep must correspond to at least four-
times the duration of the minimum frequency to be run through
(starting and end frequency). Otherwise, the command value gen-
erator cannot generate any useful signals.

If, for example, 0.1 Hz is entered as a starting frequency and the
end frequency is higher, the periodic time of the sweep must be at
least 4 x 1/0.1Hz =40 s.

The exemplary figure below illustrates a sine sweep with manual intervention:

; P-0-1158 '
X ! . R
! ﬂ ” !
' ! P-0-1155
1
1
P-0-1154
0 J I
! v U: t
1 1
1 1
f 4 ! to 1
P-0-11607 === - ==-=---=---2 |
1
|
1
P-0-11597F = === === === - - mm-m—m-o oo oo -
0 1
t
DKO000311v01
t4 Duration "Sweep up"
t Duration "Sweep down"

P-0-1154 Command value generator, offset

P-0-1155 Command value generator, amplitude

P-0-1158 Command value generator, periodic time

P-0-1159 Command value generator with sine sweep

P-0-1160 Command value generator, end frequency sine sweep
Fig. 8-12: Oulput signal of sine sweep generator

= The generated sine sweep without offset does not have any mean
value during the entire periodic time "sweep up and sweep
down"). During "sweeping up", the offset increases and decrea-
ses again during "sweeping down", as displayed in the following
graphics.
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X A
P-0-1158 '
Y : 2 : t
t Duration "Sweep up"
t Duration "Sweep down"
P-0-1158 Command value generator, periodic time
Fig. 8-13: Integral sine sweep without offset (P-0-1154 = "0")

8.6.3 Notes on commissioning
Bandwidth and frequency response measurement

Frequency response measurement always requires the according wide-band
excitation that is provided by the noise generator or sine sweep generator. In
addition to the generation of the excitation signal, the recording of measured
values (= sampling) is required which is carried out with the integrated oscil-
loscope function.

Consequently, it is required to adjust the recording time of the oscilloscope
function to the periodic time of the excitation signal.

®  Noise signal
—  Periodic time: Tg= 4096 * Tyqitation (Cycle time of excitation)

The cycle time of the excitation Tegiaion depends on the selected
target parameter

- Voltage and current command values: Teyitation= TA voltage (CY-
cle time of voltage control)

—  Oscilloscope settings
—  Oscilloscope, time resolution: P-0-0031 = Tg,itation
—  Oscilloscope, memory depth: P-0-0032 = 4096
—  Trigger settings
—  Trigger method: Signal trigger
—  PreTrigger: 0%
—  Trigger signal: P-0-1150
- Edge: rising edge
—  Trigger value: P-0-1154 + P-0-1155/2
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®  Sine sweep

Since a maximum of 4096 values are used for frequency response
measurement in the oscilloscope, it is useful to coordinate the settings
for the sine sweep and those of the oscilloscope.

1.

2.

Select starting (P-0-1159) and end frequency (P-0-1160) of sine
sweep

Select oscilloscope settings

- Oscilloscope, time resolution: Select P-0-0031 >= 1 /
(2*P-0-1160)

—  Oscilloscope, memory depth: P-0-0032 = 4096
—  Trigger settings

—  Trigger method: Signal trigger

—  PreTrigger: 0%

—  Trigger signal: P-0-1150

—  Edge: rising edge

—  Trigger value: P-0-1154 + 0,1*P-0-1155
Define periodic time sine sweep (P-0-1158): P-0-1158 =
2*P-0-0031*P-0-0032
Since the parameterized periodic time (P-0-1158) with sine sweep
is made up of the time for "sweeping up" and "sweeping down"
combined, it is sufficient to record half of the periodic time.

In case of the noise signal, the band width of the excitation signal depends
on the cycle time of the excitation Tg,iaiion the signal is generated with and in
case of the sine sweep, on the end frequency (P-0-1160).

®  Noise signal: Bandwidth excitation: BW,itation [HZ] =1 / (2*T excitation);

®  Sine sweep signal: Bandwidth excitation: BW,gtaiion [HZ] = P-0-1160;

The overview below illustrates the possible excitation signals and measuring
signals for the recording:
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Command value gen-
Control loop erator excitation signal Texcitation Measuring signals of oscilloscope function

Cycle time of ex-
citation

Current (l;) S-0-1706.0.11,

Active-current

command value

generating component, value

TA?voItage S-0-1707.0.11 ,

Effective active-current generating component, command

S$-0-1707.0.13,

Active-current generating component, actual value

Current (I) S-0-1706.0.12,

Reactive-current

command value

generating component, S-0-1707.0.14,

TA?voItage S-0-1707.0.1 2,

Effective reactive-current generating component, cmd value

Reactive-current generating component, actual value

Voltage S-0-1706.0.1,

DC bus voltage
command value

Ta voltage S-0-1706.0.1,

DC bus voltage command value
S-0-1707.0.1,

Actual DC bus voltage

Optimizing the controller

Current controller

Voltage controller

Bosch Rexroth AG R911385754 _Edition 02

T voltage Voltage controller cycle time
Tab. 8-3: Signals for excitation and recording
= For bandwidth and frequency response measurements, a dialog

is available in "IndraWorks Ds/D/MLD". This dialog automatically
selects the settings for excitation and the measurement depend-
ing on the frequency response type.

The integrated command value generator is very well suited for optimizing
the control loops (current, voltage), since it generates a defined command
value characteristic (e.g., pulse or square-wave signals).

The field-oriented current controller that takes effect in closed-loop operation
implements the following subfunctions:

®  (Closed-loop control of d-component (reactive-current generating cur-
rent)

®  (Closed-loop control of g-component (active-current generating current)

To evaluate the current controller for the active-current generating control
loop, excitation has to take place via parameter "S-0-1706.0.11, Active-
current generating component, command value" and the parameters
"S-0-1707.0.11, Effective active-current generating component, command
value" and "S-0-1707.0.13, Active-current generating component, actual
value" have to be recorded with the oscilloscope function.

To evaluate the current controller for the reactive-current generating control
loop, excitation has to take place via parameter "S-0-1706.0.12, Reactive-
current generating component, command value" and the parameters
"S-0-1707.0.12, Effective reactive-current generating component, cmd value"
and "S-0-1707.0.14, Reactive-current generating component, actual value"
have to be recorded with the oscilloscope function.

To evaluate the voltage controller, excitation has to take place via parameter
"S-0-1706.0.1, DC bus voltage command value" and the parameters
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S-0-1706.0.1 and "S-0-1707.0.1, Actual DC bus voltage" have to be recorded
with the oscilloscope function.
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9 Handling, diagnostic and service functions

A WARNING Dangerous movements! Danger to life, risk of

injury, serious injury or property damage!

e Keep free and clear of the ranges of motion of machines and moving
machine parts.

®  Prevent personnel from accidentally entering the machine’s range of
motion (e.g., by using safety fences, safety guards, protective coverings,
light barriers).

e  Make sure that the drives are brought to safe standstill before accessing
or entering the danger zone.

9.1 Parameters, basics
9.1.1 Properties/features of parameters
Brief description

The firmware of the controller firmware maps the controller via data in an in-
ternal calculation model. All operating data relevant therefor are mapped to
parameters. An identification number (IDN) is assigned to each parameter.
The IDN allows operating data to be accessed via

e  of the engineering port
-0r -
° a master communication interface suited for data transfer.

The operating data stored in parameters can be identified using the IDN.
They can be read and transferred, if required. The user write access to pa-
rameters depends on the properties of the respective parameter and the cur-
rent communication phase. The firmware checks specific parameter values
(operating data) for validity.

Functional description

Parameter structure  Each parameter consists of seven data block elements.

Element no. Description Notes
1 Identification number Parameter identification/
(IDN) reading of data status
2 Name Can be changed by way of

language selection

3 Attribute Contains decimal places,
data length, data type and
display format, function

4 Unit Can be changed by way of
scaling or language selec-
tion

5 Minimum input value Minimum input value of

operating data
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Writing and reading a parameter

Data status

Language selection

Bosch Rexroth AG R911385754 _Edition 02

Element no. Description Notes

6 Maximum input value Maximum input value of
operating data

7 Operating data Parameter value

Tab. 9-1: Data block elements of a parameter

@ See also "Definitions" in the separate documentation "Parameter de-
scription for IndraDrive controllers".

All data block elements can be read via an appropriate master communica-
tion interface or at Engineering port. Only the operating data can be written,
too.

The operating data of a parameter can be permanently write-protected or al-
ways resp. temporarily be written. This write access depends on

® the communication phase
-and -
® the activation of a password.

= Error messages can occur during reading and writing of the ope-
rating date (see "Terms, basic principles: Error").

Each parameter has a data status. The data status contains information on:
e  Validity/invalidity of the operating data (parameter value)

®  Command states (command acknowledgement) for parameters used to
enable commands (see "Terms, basic principles: Commands").

The controller checks the data status of the parameters for validity of the ope-
rating data when changing from parameter mode to operating mode. When
this happens, the operating data (parameter values) of the parameters con-
tained in the following list parameters are checked for validity:

®  S-0-0018, IDN-list of operation data for CP2
®  S-0-0019, IDN-list of operation data for CP3

The control master can query the IDNs of the parameters with invalid ope-
rating data (parameter values) via:

®  S-0-0021, IDN-list of invalid operation data for CP2
®  S-0-0022, IDN-list of invalid operation data for CP3
®  S-0-0423, IDN-list of invalid data for parameterization levels

The data status is signaled when the control master executes a write com-
mand to the data block element no. 1 of a parameter. This allows state of a
command which was started to be recognized by the control master.

See "Basic functions of master communication: Command processing"

In parameter "S-0-0265, Language selection”, set the language in which pa-
rameter names and text in units of parameter values will be displayed.

= The language selected via parameter S-0-0265 will only take ef-
fect in parameter "S-0-0095, Diagnostic message", when the di-
agnostic message also changes once the language has been se-
lected.
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During the controller-internal check of parameter values carried out when
changing from parameter mode to operating mode, the following command
errors can be reported:

e  C0201 Invalid parameters (->S-0-0423)

e  (C0202 Parameter limit error (->S-0-0423)

-or-

e  (C0201 Invalid parameters (->S-0-0423)

e  (C0202 Parameter limit error (->S-0-0423)

e  (C0203 Parameter conversion error (->S-0-0423)

When errors of this category are detected, the IDNs of the parameters with
the incorrect operating data are listed in:

®  S-0-0021, IDN-list of invalid operation data for CP2
. S-0-0022, IDN-list of invalid operation data for CP3
®  S-0-0423, IDN-list of invalid data for parameterization levels

A valid value has to be written to the listed IDNs. The value range limits are
contained in the data block elements no. 5 and no. 6. The limits are directly
displayed via the commissioning tool "IndraWorks Ds/D/MLD" when entering
single parameters.

The desired display language of parameter names and text in units of param-
eter values has to be set in parameter

e  S-0-0265, Language selection.

9.1.2 Loading, storing and saving parameters

Brief description

Parameters

Data memory

Condition as supplied

Storing the application-specific pa-
rameter values

Saving parameter values

All relevant operating data are mapped to parameters and stored in the con-
troller.

Several non-volatile data memories are available in an IndraDrive controller:
® In the controller

® In the motor encoder (depending on motor type)

In addition, the controller has a volatile data memory (working memory).
Condition as supplied of the Rexroth drive components:

e  The controller memory contains the firmware and the controller-specific
parameter values.

®  The motor encoder memory contains the encoder-specific and, depend-
ing on the motor type, the motor-specific parameter values.

The application-specific parameter values are stored in the controller. Due to
the limited number of writing cycles of non-volatile storage media, applica-
tion-specific parameter values can be stored in the working memory (volatile
memory), too.

Saving application-specific parameter values is required in the following ca-
ses:

e  After initial commissioning of the machine axis or the motor
e  Before replacing the controller for servicing (if possible)
Application-specific parameter values can be saved using:
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Parameter IDN lists

Loading parameter values

Checksum of parameter values

Parameters involved

Diagnostic messages involved
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e  "IndraWorks Ds/D/MLD" commissioning tool - saving the parameter
values on an external data carrier

®  Control master » saving the parameter values on a master-side data
carrier

The controller supports master-side saving of parameter values by listing pa-
rameter identification numbers (IDNs). Using these lists guarantees complete
storage of the application-specific parameter values. It is also possible to de-
termine IDN lists defined by the customer.

Parameter values need to be loaded in the following cases:

® |nitial commissioning of the motor (loading the default values and motor-
specific parameter values)

e  Serial commissioning of machine axes at series machines (loading the
parameter values saved after initial commissioning)

® Restoring a defined initial state (repeated loading of the values saved
after initial commissioning)

e  Replacing the controller for servicing (loading the current parameter val-
ues saved before servicing)

Options for loading parameter values to the controller:

®  Motor encoder data memory — loading the parameter values by com-
mand or via the control panel during initial motor commissioning

e  "IndraWorks Ds/D/MLD" commissioning tool — loading the parameter
values from an external data carrier

®  Control master — loading the parameter values from a master-side data
carrier

By means of checksum comparison, the control master can determine wheth-
er the values of the application-specific parameter values currently active in
the drive comply with the values saved on the master side.

. S-0-0017, IDN-list of all operation data

®  S-0-0192, IDN-list of all backup operation data

e  S-0-0262, CO7_x Load defaults procedure command

®  S-0-0263, C2300 Load working memory procedure command

e  S-0-0264, C2200 Backup working memory procedure command

®  S-0-0269, Storage mode

®  S-0-0270, IDN-list of selected backup operation data

e  S-0-0293, C2400 Selectively backup working memory procedure
command

®  S-0-0326, Parameter checksum

e  S-0-0327, IDN list of checksum parameter

®  S-0-0531, Checksum of backup operation data

e  P-0-0013, List of all IDNs not corresponding to default value
®  P-0-0660.0.1, Configurable factory default values

e  P-0-4023, C0400 Communication phase 2 transition

e  P-0-4090, Configuration for loading default values

Load defaults procedure:
®  (C0702 Default parameters not available
®  (C0703 Default parameters invalid
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Data memory in the controller

Parameter mode and operating
mode

"Load defaults procedure" com-
mand

Handling, diagnostic and service functions

e  (CO0704 Parameters not copyable

e  C0706 Error when reading the controller parameters

e  (C0740 Command Activate field bus profile settings

e  (C0743 Error in activation of field bus profile settings

® (C0750 Load defaults procedure command (factory settings)
®  CO0751 Parameter default value incorrect (-> S-0-0423)
e (C0752 Locked with password

e  (C0761 Factory default values incorrect (->S-0-0423)

e (C0799 An invalid index was set

Backup working memory procedure:

e  (C2202 Error when writing data to non-volatile memory
e  (C2200 Backup working memory procedure command
Load working memory:

e (C2300 Load working memory procedure command

e  (C2301 Error when reading non-volatile memory

e  (C2302 Error when converting parameters

Selectively backup working memory procedure:

® (2400 Selectively backup working memory procedure command
e  (C2402 Error when saving parameters

Other diagnostic messages:

®  F2100 Incorrect access to command value memory

e  F2102 It was impossible to address I12C memory

All operating data referring to hardware are stored in the controller. They can-
not be changed by the user.

Each circuit board is provided with a non-volatile memory. It carries the circuit
board code and circuit board-specific operating data.

On the main circuit board there is a non-volatile memory (flash) and a volatile
memory (working memory). The flash memory contains the circuit board-spe-
cific operating data.

In the RAM, an image of all data available in the drive (retain data, identifica-
tion data and operating data) is contained.

Parameters the operating data of which can be changed, can be written with
values in one or possibly several communication phases. We basically distin-
guish between

®  Parameter mode (PM) and
®  Operating mode (OM).

As a matter of principle, all parameters that can be changed can be written in
the parameter mode.

Via the "S-0-0262, C07_x Load defaults procedure command" command, it is
possible to set a defined initial status of the parameter values.

In case of controllers delivered with factory settings (ordering an additional
FWS option), the factory settings are restored after the default values have
been recovered successfully.

The scope of functions of this command can be specified using the configura-
tion of parameter "P-0-4090, Configuration for loading default values™:
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Storage mode
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e  Command selection (bits 0...3):
—  Load default values (factory settings)
Loading of non-volatile parameters to their default values.

A software option can be purchased for each controller to assign
individual parameters ex works with specific values. Instead of the
default values, these values are loaded when using the “Load de-
fault values” option.

—  Load default values (MLD)
Reset parameters (incl. boot project) of the drive-integrated PLC.
—  Enable field bus profile settings

The field bus-dependent parameters are enabled depending on the
profile

- see "Profile types (with field bus interfaces)"
—  Load supply-specific controller default values (from PSB-20VRS)

— Load application-specific default values (with MPx-20VRS and
above)

®  Scaling of command execution (bits 4...8):

It is only possible to execute the command "load factory settings," "de-
fault values" and "field bus profile settings" in PM. The command cannot
be executed if the drive is locked with a customer password, also see
"C0752 Locked with password".

The "load defaults procedure" command provides the option to load de-
fault values for all parameters or to selectively exclude the following
groups:

- Master communication parameters
- MLD parameters
—  Engineering interface

@ See also description of parameter "P-0-4090, Configuration for loading
default values"

Depending on "S-0-0269, Storage mode", the application-specific parameter
values are stored in the controller in volatile form (in the RAM) or non-volatile
form (in the flash memory).

Non-volatile storage is carried out with each write access to the respective
operating data.

Volatile storage of parameter values is recommended when application-spe-
cific parameters are cyclically written. Otherwise, the service life of the non-
volatile storage media is affected.

NOTICE Damage to the internal memory (flash)

caused by cyclic command execution (write
accesses to the flash)!

During the execution of some commands (see description of the respective
diagnostic command message; e.g. C0500 ), data is also written to the inter-
nal memory (flash). This memory, however, only allows a limited number of
write accesses. For this reason, make sure that such write access is not car-
ried out too often (approx. 100,000 writing cycles at most).
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Parameter IDN lists

"Backup working memory" or "se-
lectively backup working memory"
command

"Load working memory procedure"
command

Saving application-specific param-
eter values

Loading application-specific pa-
rameter values

Handling, diagnostic and service functions

For saving the relevant application-specific parameter values the drive makes
lists of IDNs available that support the complete backup of parameter group
values:

e  5-0-0192, IDN-list of all backup operation data
e  S-0-0270, IDN-list of selected backup operation data

Parameter S-0-0192 contains a list of IDNs that cannot be modified. Parame-
ter S-0-0270 contains an empty list where IDNs according to application-spe-
cific requirements can be entered.

For saving all parameter values, the controller provides the list of the IDNs of
all parameters in

e  S5-0-0017, IDN-list of all operation data

To identify the parameters whose value has changed compared to their de-
fault value, the drive makes provides parameter

e  P-0-0013, List of all IDNs not corresponding to default value

If the option "volatile memory" was set in parameter "S-0-0269, Storage
mode" , the values of the parameters contained in the list parameter
S-0-0192 can be saved in the non-volatile memory upon start of "S-0-0264,
C2200 Backup working memory procedure command".

If the parameter values of the list of S-0-0270 are to be saved, "S-0-0293 ,
C2400 Selectively backup working memory procedure command" has to be
activated. Unless the storage mode (S-0-0269) is changed, the values once
saved in the flash memory via the commands C2200 or C2400 remain un-
changed.

By means of "S-0-0263, C2300 Load working memory procedure command"”,
the values of the non-volatile flash memory are copied to the volatile RAM.

This only makes sense when volatile storage mode was set
(S-0-0269) and parameter values were saved in the controller-in-
ternal flash memory!

To backup the application-specific parameter values, e.g. after initial commis-
sioning, there are the following options:

e  Commissioning tool "IndraWorks Ds/D/MLD"

— The parameter values of the list of S-0-0192 are stored on an external
data carrier (hard disk, floppy disk or the like); the target is assigned via
the tool menu. Requirement: Engineering has to be connected to the
drive.

e  Control master

— The parameter values of the list of S-0-0192 or S-0-0270 and/or other
parameters, if necessary, are stored on a master-side data carrier by
command of the control master.

To load saved parameter values or transmit axis-specific parameter values to
controllers of other axes, there are the following possibilities:

e  Commissioning tool "IndraWorks Ds/D/MLD"

— The parameter values (according to list of S-0-0192) stored on an ex-
ternal data carrier (hard disk, floppy disk or the like) are loaded to the
controller; source assignment is carried out via the menu of the tool. Re-
quirement: an established Engineering connection to the controller.

e  Control master
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Parameter checksum via list pa-
rameter S-0-0327

Parameter checksum via list pa-
rameter S-0-0192

Notes on commissioning

Initial commissioning

Loading default values

Bosch Rexroth AG R911385754 _Edition 02

— The parameter values of the list of S-0-0192 or S-0-0270 and/or other
parameters, if necessary, are loaded from a master-side data carrier to
the controller by command of the control master.

When reading out parameter "S-0-0326, Parameter checksum", the check
sum of all parameter values is generated whose IDN is contained in parame-
ter "S-0-0327, IDN list of checksum parameter". Changes in the parameter
settings can be detected by comparing the checksums.

By comparing the checksum of the parameter values currently active in the
drive to a checksum value stored at the time of parameter saving, it is possi-
ble to determine whether the active application-specific parameter values are
correct.

By default, no IDNs have been entered in parameter S-0-0327!

When reading out parameter "S-0-0531, Checksum of backup operation
data", the checksum of the parameters is generated whose IDN is contained
in parameter"S-0-0192, IDN-list of all backup operation data".

= In list parameter S-0-0192, the ident numbers (IDN) of the param-
eters are stored whose values are axis-specific or supply unit-
specifically and that have to be loaded to the drive for correct op-
eration of the respective axis or to the respective supply unit.

When the system has been set up completely, the checksum for each con-
troller can be read via parameter S-0-0531. The control master can store
these values. By comparing the checksum which was saved to the new
checksum which was read, it is possible to find out whether data relevant to
operation have changed.

To start the initial commissioning of a machine axis or of a supply unit , en-
sure that the relevant firmware is active in the controller. For this purpose,
read the following parameter:

° S-0-0030, Manufacturer version.

If the desired firmware is not available in the controller, carry out a firmware
update or firmware upgrade (see "Firmware replacement").

If the desired firmware is available in the controller, load default firmware val-
ues by executing the following steps:

1.  Select specifications in parameter "P-0-4090, Configuration for loading
default values"

2. Start"S-0-0262, C07_x Load defaults procedure command"
Respective diagnostic command message:

®  (C0750 Load defaults procedure command (factory settings)
Respective diagnostic messages in the case of possible command errors:
®  (CO0751 Parameter default value incorrect (-> S-0-0423)

®  (C0752 Locked with password

See also "Initial commissioning/serial commissioning”

e  S-0-0262, CO7_x Load defaults procedure command



IndraDrive Power Supply Basic PSB-21 Functions 183/305

With storage mode "volatile stor-
agell

Handling, diagnostic and service functions

NOTICE By executing this command, control loop pa-

rameter values that have already been opti-
mized are possibly overwritten!

Enter optimized control loop parameter values again!

= Due to an automatic reset, the parameter "P-0-4090, Configura-
tion for loading default values Configuration for loading default
values" is preset correctly!

Respective diagnostic messages in the case of possible command errors:
e  (CO0702 Default parameters not available

e  (C0703 Default parameters invalid

e  (C0704 Parameters not copyable

e  CO0706 Error when reading the controller parameters

See also "Initial commissioning/serial commissioning"

If the option "Volatile memory" is selected in parameter "S-0-0269, Storage
mode", parameter values are not automatically saved in the controller-inter-
nal flash memory. After a complete input, the application-specific parameter
values therefore have to be saved controller-internally in the flash memory by

e  Start "S-0-0264, C2200 Backup working memory procedure command"

This guarantees that the parameter values compatible with the axis are auto-
matically loaded to the controller's working memory from the flash memory
after the supply unit or the drive iis switched on again.

Respective diagnostic command message:

e  (C2200 Backup working memory procedure command

Respective diagnostic messages in the case of possible command errors:
e  (C2202 Error when writing data to non-volatile memory

After all application-specific parameter values are saved (C2200), it is also
possible to only save selected parameter values in the flash memory. These
parameters are overwritten with a current value. This is done by

e starting "S-0-0293, C2400 Selectively backup working memory
procedure command"

The C2400 command can be used for internally saving a parameter group
whose values have to be optimized again during operation. It is advisable to
determine the IDNs of this parameter group by clearing IDNs that are not re-
quired from the default setting of the list parameter

e  S-0-0270, IDN-list of selected backup operation data

= With "volatile storage" mode, the command C2200 has to be exe-
cuted at least once before starting the command C2400, because
otherwise default values will remain in the flash memory for cer-
tain parameters.

Respective diagnostic command message:

® (2400 Selectively backup working memory procedure command
Respective diagnostic messages in the case of possible command errors:
e  (C2402 Error when saving parameters
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Loading and saving parameter val- A master communication interface or the Engineering port of the controller
ues via control master Or  can be used for loading and saving parameter values via the control master
IndraWorks DS/D/MLD" o "Indraworks Ds/D/MLD".

Loading saved parameter values acc. to list parameter S-0-0192 to reestab-
lish the initial status after initial commissioning is impossible in the case of
drives with absolute value encoder and modulo scaling (see note).

NOTICE The parameter value backup created after ini-

tial commissioning according to S-0-0192
cannot restore the initial parameter state. The
actual position value after the loading proc-
ess would be incorrect, but this cannot be de-
tected on the controller side!

In the case of drives with absolute value encoder and modulo scaling, the
backup of parameter values made after initial commissioning according to
S-0-0192 cannot be loaded for restoring the initial parameter state!

For how to reestablish the initial status of parameters for drives with absolute
value encoder and modulo scaling, see "Initial commissioning/serial commis-
sioning"!

Communication phase 2 or the parameter mode has to be activated to suc-
cessfully load parameters.

e  P-0-4023, C0400 Communication phase 2 transition

Respective diagnostic command message:

®  (C0400 Activate parameterization level 1 procedure command

= The drive returns to the operating mode by successive start of the
commands "S-0-0127, C0100 Communication phase 3 transition
check" und "S-0-0128, C5200 Communication phase 4 transition
check™"!

When reading and writing individual parameters via the control master or
"IndraWorks Ds/D/MLD" (without command), the following error messages
can occur:

e 2100 Incorrect access to command value memory
e  F2102 It was impossible to address 12C memory

9.1.3 IDN lists of parameters
General information

Some of the parameters stored in the controller contain, as their operating
data (parameter value), a list of IDNs of drive parameters/supply unit parame-
ters corresponding to a specific, given criterion. These so-called IDN lists
enable targert-oriented handling of drive parameters/supply unit parameters
by the master or a commissioning software.

IDN list of all operation data (S-0-0017)

Parameter "S-0-0017, IDN-list of all operation data" contains the IDNs of all
parameters available in the controller.

IDN list of all backup operation data (S-0-0192)

Parameter "S-0-0192, IDN-list of all backup operation data" contains the
IDNs of all parameters that are stored in the non-volatile memory [MultiMe-
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diaCard (MMC) or flash memory]. These parameters are required for correct
operation of the controller. With the master or a commissioning software, it is
possible to use this IDN list for creating a backup copy of the drive parame-
ters/supply unit parameters.

IDN list of invalid operation data for phase 2 (S-0-0021)

In parameter "S-0-0021, IDN-list of invalid operation data for CP2", the IDNs
of those parameters are automatically entered which the firmware detects as
being invalid when executing the command "S-0-0127, CO0100
Communication phase 3 transition check".

Parameters are detected to be invalid, if:

®  Their checksum does not match the operating data [the checksum is
stored together with the operating data in a non-volatile memory (flash
memory, amplifier or motor encoder data memory)]

- or -

e their operating data is outside of the minimum or maximum input limits
- Or -

e their operating data violates specific validation rules.

In any event, the parameters entered in "S-0-0127, C0100 Communication
phase 3 transition check" upon negative acknowledgement of command
"S-0-0021, IDN-list of invalid operation data for CP2" have to be corrected.

IDN list of invalid operation data for phase 3 (S-0-0022)

In parameter "S-0-0022, IDN-list of invalid operation data for CP3", the IDNs
of the parameters detected as invalid or as configured incorrectly by the firm-
ware, are automatically entered when executing the "S-0-0128, C5200
Communication phase 4 transition check" command.

Parameters are detected to be invalid, if:

e their checksum does not match the operating data [the checksum is
stored together with the operating data in a non-volatile memory (flash
memory, amplifier or motor encoder data memory)]

-or-
e their operating data is outside of the minimum or maximum input limits
-or-

e their operating data violates specific validation rules.

Parameters are detected to be incorrectly configured, if

e they were configured more than once for writing by a cyclic interface.

In any event, the parameters entered in "S-0-0128, C5200 Communication
phase 4 transition check" upon negative acknowledgement of command
"S-0-0022, IDN-list of invalid operation data for CP3" have to be corrected.

IDN list of invalid data for parameterization levels (S-0-0423)

When the command "C0200 Exit parameterization level procedure
command" is executed, the drive parameters/supply unit parameters are
checked and converted. If errors occur during this check, the IDNs of the faul-
ty parameters are written to the list parameter "S-0-0423, IDN-list of invalid
data for parameterization levels".
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IDN-list of operation data for CP2 (S-0-0018)

The IDNs that are checked for validity when the command "S-0-0127, C0100
Communication phase 3 transition check" is executed are stored in the ope-
rating data of parameter "S-0-0018, IDN-list of operation data for CP2".

IDN list of operation data for communication phase 3 (S-0-0019)

The IDNs that are checked for validity when the command "S-0-0128, C5200
Communication phase 4 transition check" is executed are stored in the ope-
rating data of parameter "S-0-0019, IDN-list of operation data for CP3".

IDN list of all command parameters (S-0-0025)

The ident numbers of all the command parameters available in the controller
are stored in the operating data of parameter "S-0-0025, IDN-list of all
procedure commands".

IDN list of the operating data to be backed up selectively (S-0-0270)

The IDNs of parameters that are to be saved when command "S-0-0270,
IDN-list of selected backup operation data" is executed are stored in the pa-
rameter "S-0-0293, C2400 Selectively backup working memory procedure
command".

IDN-list of password-protected operation data (S-0-0279)

Parameter "S-0-0279, IDN-list of password-protected operation data" con-
tains the IDNs of the parameters that can be protected by a customer pass-
word (S-0-0267). By default, no IDNs have been entered in this parameter.

IDN list of checksum parameters (S-0-0327)

Parameter "S-0-0327, IDN list of checksum parameter" contains the IDNs of
parameters from which the content of parameter "S-0-0326, Parameter
checksum" is to be generated. By default, no IDNs have been entered in this
parameter.

IDN list of all parameter values not corresponding to the default value (P-0-0013)

All parameters the operating data of which was changed with regard to the
default value are stored in parameter "P-0-0013, List of all IDNs not
corresponding to default value".

9.2 Using a password
9.2.1 Brief description

IndraDrive controllers provide the possibility to protect parameter values
against accidental or unauthorized change by using a password. With regard
to write protection, there are 3 groups of writable parameters:

o Parameters that are generally write-protected, such as motor parame-
ters, hardware code parameters, encoder parameters, error memory,
etc. ("administration parameters"). The values of these parameters
guarantee the correct function and performance of the controller.

®  Parameters the customer can combine in groups and protect them with
a so-called customer password. This allows to protect parameter values
that are used for adjusting the drive or the supply unit to the axis, after
having determined them.

e All other writable parameters that are not contained in the above-men-
tioned groups. They are not write-protected.
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The firmware allows the write protection for parameter values to be activated
and deactivated using three hierarchically different passwords:

e  Customer password

— The parameter values of a parameter group combined by the custom-
er can be protected.

e  Control password

- Parameters protected by a customer password are writable; "adminis-
tration parameters" remain read-only.

e  Master password

- All writable parameters, including "administration parameters" and pa-
rameters protected by a customer password, can be changed.

15y The customer password can be defined by the customer, the con-
trol password and the master password are defined by the manu-
facturer!

e  S-0-0192, IDN-list of all backup operation data

e  S-0-0267, Password

e  S-0-0279, IDN-list of password-protected operation data
e P-0-4064, Password level

9.2.2 Functional description

Customer password

Control password

The write protection for parameter values is activated and deactivated using
the three hierarchically different passwords and by an input in parameter
"S-0-0267, Password".

By a password defined by the customer, the parameters of a parameter
group to be defined can be protected against unauthorized or accidental write
access.

The customer password has to comply with the following conditions:

®  Atleast 3 characters long

® A maximum of 10 characters long

®  May only contain the characters a...z, A...Z and the numbers 0...9

The group of parameters the values of which can be protected by the cus-
tomer password is defined in parameter "S-0-0279, IDN-list of password-
protected operation data". By default, parameter S-0-0279 does not contain
any IDN. In the list parameter S-0-0279 it is possible to enter parameter IDNs
according to application-specific requirements.

= The customer password is not obligatory! If it has not been activa-
ted, the values of the parameters listed in the list parameter
S-0-0279 can still be written.

After entering the firmware-specific control password specified by the manu-
facturer, it is also possible to write parameters protected by a customer pass-
word. The control password allows the NC control unit to ignore the write pro-
tection by the individual (unknown) customer password.

= The control password valid for the respective firmware is only
available from the manufacturer on demand!
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Master password The master password is also defined by the manufacturer, but is exclusively
available to the Rexrothdevelopment and service staff.

= The master password is secret! It must not be used on the control
unit side or by the customer, as it also allows changing the values
of "administration parameters" (motor parameters, hardware code
parameters, encoder parameters, error memory, etc.).

Activating/deactivating the write By default, the value "007" is entered in "S-0-0267, Password". The write pro-
protection  tection is activated and deactivated using the customer password according
to the following procedure:

Mo cusiomer passwond active

- Parmmier can bo writien

- Comor 3-0-0267; "007 (deteul satua)
[

Inpud strimg Inpud mtrimg
"O07_KpRASW _Kpassw” "K.passw_007_o07
Cusiomar paaswond I:ﬂ‘il. and uniocked

- FRmmmeer can bo writen
- Comamn 5-0-0267: "§58°

mul: of any siring Inpd

oul blank cuslomer pasaword
= 0f =

Bweitch-of

L i
Customer password sciive and lockesd
- Paramoter write-proleciod
| =Content 8-0-0267: "=

[N NEN_an

Fig. 9-1: Activating and deactivating the write protection using the customer
password

The write protection activated via customer password is deactivated using the

control password by entering the control password in S-0-0267. The write

protection required by the customer can be activated again by entering any

string in S-0-0267.

The write protection for all parameters that can basically be written can only

be deactivated using the master password and the right to do this is exclu-

sively reserved to the Rexroth development and service staff!

NOTICE Incorrect control of motors when changing

parameter values write-protected on the firm-
ware side ("administration parameters")!

= The master password must not be used on the control unit side or by the
customer!

9.2.3 Notes on commissioning

Define the IDNs of the group of parameters the values of which are to be
write-protected in parameter
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®  S-0-0279, IDN-list of password-protected operation data.

The customer-side write protection via the customer password for the param-
eters contained in S-0-0279 can be activated and deactivated by writing the
parameter

. S-0-0267, Password.

= Observe the conditions for defining the customer password!

If the active write protection for the parameters defined in S-0-0279 is to be
disabled on the master side or without knowledge of the customer password,
enter the control password in parameter

e S-0-0267, Password.

= Ask the manufacturer for the control password!

The current status of the write protection can be queried via parameter
e P-0-4064, Password level.

Diagnostics  In an attempt to write data to a write-protected parameter, an error code is
transmitted to the Sercos master via the non-cyclic data channel, according
to the Sercos specification. The master then recognizes that the respective
parameter is write-protected and that it is impossible to write data to it.

9.3 Diagnostic system
9.3.1 Coded diagnostic messages

Brief description

Parameters involved

The controller provides different diagnostic functions that are divided into two
groups:

e  Detecting and displaying the current state by using the internal, priority-
dependent generation of diagnostic messages

= From MPx-18/PSB-20, the diagnostic message number is gener-
ated in accordance with the Sercos specification. For this pur-
pose, the bits 31-24 in the parameter "S-0-0390, Diagnostic
message number" are written, too; these bits were always "0" in
previous versions. In the control panel and in IndraWorks dialogs,
these bits are hidden so the display remains unchanged there.

If the diagnostic messages are to be displayed in S-0-0390 as in
the previous versions, bit 0 has to be set in "P-0-0006, Diagnostic
message configuration”.

®  Collective messages for various status messages

Additionally, there are parameters for all important operating data whose val-
ues can be transmitted both via master communication (e.g., Sercos) and a
parameterization interface (RS-232/485 in the ASCII protocol or SIS protocol;
see "Serial communication").

e  S-0-0030, Manufacturer version

e  S-0-0095, Diagnostic message

e  S-0-0140, Controller type

e  5-0-0390, Diagnostic message number
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S-0-1302.0.3, Application type
(S-0-0142 only exists as a legacy (or alias) parameter for S-0-1302.0.3.)

Internal generation of diagnostic messages

Priorities of display
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Operating states, activities and reactions of the device are detected by inter-
nal generation of diagnostic messages and appear in coded form on the dis-
play of the control panel. In addition, these diagnostic messages can be
transmitted to a master (control) and displayed and evaluated in a service
and commissioning software (e.g., "IndraWorks Ds/D/MLD").

We distinguish the following categories of diagnostic messages (kinds of di-
agnostic messages):

e  Error
e  Warnings
e  Commands/command errors
e  Status displays/operating states

Generally, the current diagnostic message with the highest priority is dis-
played at the following locations in the device:

e  Control panel display

- The diagnostic message number and, if applicable, text appears on
the 8-digit display of the standard control panel.

Parameter "S-0-0095, Diagnostic message"

- This parameter, in the form of plain text, contains the operating status
at present relevant. Preceding the text is the respective content of pa-
rameter S-0-0390 in short form.

Parameter "S-0-0390, Diagnostic message number"

- The diagnostic message number shown on the display in short form is
stored in this parameter.

The following priorities apply for displaying the current diagnostic message:

Active !
identification !
address !

of device !

1 'F4002

A

Error messages

1 'E2027 Warnings

1 ico761 Command errors

o Cco7 Commands

1B Operating status

e ., increasing
8-digit display for priority

- operating status

- activated commands and diagnostic command messages

- warnings and diagnostic error messages
DC000210v01_en.fh

Fig. 9-2
The documentation "Troubleshooting Guide (description of diagnostic mes-
sages)" contains an overview of all diagnostic messages and their signifi-
cance.

Priorities of displays (with exemplary displays)
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Structure of a diagnostic message
General information
Every diagnostic message consists of
®  Diagnostic message number
-and -
e  diagnostic text.

The diagnostic message for the error "F2818 Phase failure" for example, has
the following structure:

| F2818 Phase failure

L Diagnostic text
Diagn. message no.

DC000209v01_en.th

Fig. 9-3: Structure of a diagnostic message

On the control panel display,"F2818" is flashing. In parameter "S-0-0390,
Diagnostic message number", the diagnostic number is displayed in hexa-
decimal form (for the example: OxCO0F2818). The diagnostic message num-
ber and the diagnostic text appear in the parameter "S-0-0095, Diagnostic
message" as a string "F2818 Phase failure".

Diagnostic message on the control panel display

The diagnostic message number appears on the 8-digit display of the stand-
ard control panel. This allows the current operating status of the device to be
recognized quickly and without using a communication interface.

As a matter of principle, the following applies:
e  Status displays (PO, LB, Ib ...) are displayed in right-aligned form
®  Warnings, command errors and other error messages are flashing

Kind of diagnostic message Diagnostic message Display
number

Error F2xxx F2xxx

Command C20C0200 Cc02

Command error C02xx C02xx

Warning E2xxx E2xxx

Operating status

e.g. communication phase 1 C30A0001 P1

Operating status CO00A0012 Ab

e.g. drive ready

Operating status

e.g. selected operation mode is active CO0A0101 AF

Tab. 9-2: Overview of diagnostic messages displayed

The current operation mode is not shown on the display. If the device follows
the preset operation mode and no command was activated, the display reads
"AF". in case of a supply unit, "LB" or "LF" is displayed.
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Language selection

Diagnostic message in plain text

The diagnostic message in plain text contains the diagnostic message num-
ber followed by the diagnostic message text. It can be read via parameter
"S-0-0095, Diagnostic message" and directly displayed on an operator inter-
face as a language-dependent description of the device state.

The diagnostic message in plain text is switched to the selected language via
parameter "S-0-0265, Language selection”
Diagnostic message number

The diagnostic message number contains only the diagnostic number without
the diagnostic text. It can be read via parameter "S-0-0390, Diagnostic
message number" and is a language-independent possibility of determining
and displaying the device state on an operator interface.

Display text of diagnostic message

The display text of a diagnostic message is the text appearing on the display
of the control panel. The text is displayed together with the diagnostic number
in "S-0-0095, Diagnostic message".

Via parameter "S-0-0265, Language selection", it is possible to define or
change the language of diagnostic message texts.

(L see also parameter description "S-0-0265, Language selection”

9.3.2 Status classes, status displays, control parameters

General information

Status classes

Features
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In IndraDrive there are many parameters with important status information
(bit lists). Some of the bits contained in these lists can be used for configuring
real-time status bits and additionally can be assigned to digital outputs or to
the configurable signal status word.

See "Digital inputs/outputs”
See "Configurable signal status word"

IndraDrive differentiates the error, warning and message states (status
classes).

There are parameters with a direct relation to the status of the sequence of
different drive functions (fixed status displays) and control parameters to con-
trol the functions of the controller (control parameters).

Brief description

IndraDrive differentiates between 3 states (error, warning and message) for
which there is status information. To make the status information available,
there are so-called class diagnostics parameters (S-0-0011, S-0-0012), which
contain the respective status bits.

In addition to these class diagnostics parameters, there are change bits con-
tained in the status word of the field bus (e.g. S-0-0135 for Sercos) which dis-
play changes in one of the above-mentioned class diagnostics parameters
(collective information).

e  (Class diagnostics parameter for Errors (cf. S-0-0011)
®  (Class diagnostics parameter for Warnings (cf. S-0-0012)
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e  Change bits in status word of master communication (e.g. S-0-0135 in
case of Sercos)

e  Change bits of class 2 and 3 (S-0-0097 and S-0-0098) can be masked
in the status word of the master communication (e.g. S-0-0135 for
Sercos) to suppress individual bits or status messages

e  S-0-0011, Class 1 diagnostics

e  S5-0-0012, Class 2 diagnostics

e  S-0-0097, Mask class 2 diagnostics
e  S5-0-0098, Mask class 3 diagnostics
° S-0-0135, Drive status word

Functional description

e  S-0-0011, Class 1 diagnostics (status parameter for device errors)

- In case a device error occurs, the bit assigned to the error is set in
parameter S-0-0011. An individual bit is assigned in S-0-0011 to
errors defined according to Sercos.

Manufacturer-specific errors cause bit 15 to be set in parameter
S-0-0011 (see also description of parameter "S-0-0011, Class 1
diagnostics").

— In case a device error occurs, bit 13 (device lock-out; error in
class 1 diagnostics) is simultaneously set in the status word of the
field bus (S-0-0135 for Sercos).

= All bits in class 1 diagnostics are cleared by executing the com-
mand C0500 (reset class 1 diagnostics).

See description of parameter "S-0-0099, C0500 Reset class 1
diagnostics"

e S-0-0012, Class 2 diagnostics (status parameter for device warnings)

— In case a device warning occurs, the bit assigned to the warning is
set in parameter S-0-0012. A separate bit is assigned in S-0-0012
to warnings defined according to Sercos.

Manufacturer-specific warnings cause bit 15 to be set in parameter
S-0-0012 (see also description of parameter "S-0-0012, Class 2
diagnostics").

— In case a device warning occurs, bit 12 (class 2 diagnostics
change bit) is simultaneously set in the status word of the field bus
(S-0-0135 for Sercos), if the content of S-0-0012 changes (i.e. at
least one bit toggles).

—  The bits in parameter S-0-0012 are automatically cleared when the
warning disappears. The change bit in the status word of the mas-
ter communication (S-0-0135 for Sercos) remains set, however,
until parameter S-0-0012 has been read once.

= Via parameter "S-0-0097, Mask class 2 diagnostics", warnings
can be masked in terms of their effect on the change bit.

If the state of a bit in parameter "S-0-0012, Class 2 diagnostics" changes, the
change bit for class 2 diagnostics is set in the field bus status word (e.g.,
S-0-0135 for Sercos). A change bit in the status word (bit 12) is always set
due to a change of the parameter content of S-0-0012. This enables the mas-
ter to recognize very quickly whether a change occurred in S-0-0012.
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Masking the change bits

Fixed status displays
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A read access to one of the two parameters clears the respective change bit
again.

Using the parameter "S-0-0097, Mask class 2 diagnostics", certain bits can
be masked in terms of their effect on the change bit of the status word
(bit 12).

The figure below illustrates the principle of masking by way of an example:

[TTITTTIITTITITITI]] s-0-0012 Class 2 diagnostics
=1
(TITTTIII1] [T] Conteni of 5-0-0012
&
HRRRRRRRRRRERER 5-0-D067, Mask class 2 diagnoslics
¥
Uraqual "o ¥
Yos
L
Changs bit sa
in slatus word
CECGIG WG an. =
Fig. 9-4: Generating the change bit of class 2 diagnostics

Function-related status parameters

In IndraDrive there are parameters the content of which has a direct relation
to the status of the sequence of different device functions. These parameters
are used to display the current status information of the assigned function.

The following parameters are available for function-related status display:

S-0-0014, Interface status

This parameter displays the state of the communication phase transition
and the cyclic communication.

S-0-0135, Drive status word

This is the status word of the master communication (Sercos) and con-
tains all essential status information for the master.

P-0-0223, E-Stop input
The status of the E-Stop input is displayed (see also "E-Stop function").
P-0-4029, Diagnostic report SCSB module

Parameter to read out settings and states of the master communication
(in Sercos).

P-0-4086, Master communication status

This parameter displays control information of the master communica-
tion for handling phase switch, drive enable etc., defined during initiali-
zation.

Status parameters for real-time status bits

The status parameter below only contains one bit and can therefore be used
for configuring real-time status bits (see "Sercos"):

S$-0-0337, Status "P >= Px"
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Apart from the parameters for status display, there are parameters available
in the controller that are used to control the drive functions/supply unit func-
tions.

9.3.3 Operating hours counter

Brief description

Parameters involved

There are operating hours counters available in IndraDrive that separately re-
cord the operating times for control section and power section. The respec-
tive operating time is displayed in the parameters P-0-0190 or P-0-0191.
These times are directly stored from the control section or power section so
that assignment is maintained also for servicing.

e  P-0-0190, Operating hours control section

e  P-0-0191, Operating hours power section

The parameter "P-0-0190, Operating hours control section" displays the ope-
rating time of the control section. The unit is seconds.

The time the controller had been switched on is considered to be the ope-
rating time of the control section.

The parameter "P-0-0191, Operating hours power section" displays the ope-
rating time of the power section with drive enable having been set. The unit is
seconds.

The time during which the output stage has been enabled is considered to be
the operating time of the power section.

= By default, the devices are set to a defined value before delivery.
Thus, they can specify the total runtime of a component in serv-
ice.

9.3.4 Error memory (power section and control section)

Brief description

Parameters involved

In IndraDrive all errors occurred are recorded in an error memory on the con-
trol section. If an error occurs in the power section, it is additionally stored in
a separate error memory on the power section. It is thereby made sure that
the relevant information is still available on the power section after the power
section and control section have been separated.

= If an error occurs, the diagnostic message number and the cur-
rent count of the operating hours counter are automatically saved.

e  S5-0-0390, Diagnostic message number

e  P-0-0190, Operating hours control section

e  P-0-0191, Operating hours power section

e  P-0-0192, Error memory of diagnostic numbers

e  P-0-0193, Error memory operating hours of control section
e  P-0-0194, Error memory power section
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Functional description

Error memory in control section

Error memory in power section

9.3.5 Load preview

Brief description

Overload capacity

Bosch Rexroth AG R911385754 _Edition 02

= The contents of the parameters P-0-0192 and P-0-0193 are stor-
ed on the control section. The content of parameter P-0-0194 is
stored on the power section.

If the device detects as state class 1 diagnostics error, a bit is set in parame-
ter "S-0-0011, Class 1 diagnostics" and bit 13 (drive controller) in "P-0-0115,
Device control: Status word" or bit 13 (supply unit) in "S-0-1720.0.2, Power
supply status word".

To allow more detailed diagnostics

e the diagnostic message number appears on the display and is stored in
parameter "S-0-0390, Diagnostic message number" (in "hex format"),

e the plain text of the diagnostic message is stored in parameter
"S-0-0095, Diagnostic message”,

®  the content of parameter "P-0-0190, Operating hours control section" is
stored in parameter "P-0-0193, Error memory operating hours of control
section" upon error detection

e the diagnostic message number belonging to the error according to pa-
rameter "S-0-0390, Diagnostic message number" is stored in parameter
"P-0-0192, Error memory of diagnostic numbers" in the same order.

The parameters P-0-0192 and P-0-0193 have a stack structure and contain,
in chronological order, the diagnostic message numbers or the counts of the
operating hours counter of the last 50 errors that occurred.

= The count of the operating hours counter at the time the last error
occurred is entered at the top of parameter P-0-0193, and the di-
agnostic message number of the last error occurred at the top of
parameter P-0-0192.

If the error concerns the power section, it is additionally stored in parameter
"P-0-0194, Error memory power section".

The last 13 errors that occurred and the respective count of the operating
hours counter (see P-0-0191) are stored in this parameter.

The error "F8060 Overcurrent in power section", for example, is an error
which could occur in the power section. This error would be displayed both in
parameter P-0-0193 and in parameter P-0-0194.

Power dissipation occurs when operating electric controllers. For electrical
equipment and electrical components, there is a maximum allowed operating
temperature due to the materials used up to which the equipment can be op-
erated safely in the long term. This temperature determines the allowed con-
tinuous load of the electrical components.

The temperature rise of electrical components based on current supply runs
in parallel with their thermal time constants. As long as the maximum allowed
operating temperature has not been reached, an electrical component can be
overloaded, that is to say short-term operation with more than the allowed
continuous load. This causes the temperature rise to occur more quickly but
does not pose a problem as long as the permissible operating temperature is
not exceeded.
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Protective functions

Overload limitation

Load preview

Parameters involved

Diagnostic messages involved

Functional description

Handling, diagnostic and service functions

If the allowed operating temperature is reached, the overload must be re-
duced to the allowed continuous load so that the electrical component is not
damaged. The IndraDrive system features overload limiting functions for the
various drive components relevant to performance:

o Inverter of the controller
®  Braking resistor of the supply unit

The functions for protection against inadmissible load are provided on the
hardware or firmware side:

e  Hardware-side temperature measurement at the controller's heat sink

®  Firmware-side temperature model calculation for temperatures at tem-
perature-sensitive components not measurable on the hardware side.

With hardware-side temperature measurement, only the temperature rise
processes that occur in the seconds range can be recorded. The temperature
rise that happens more quickly can only be monitored using firmware-side
model calculation anyway.

The high overload capacity of electrical components can only be implemen-
ted such that operational safety is ensured by using temperature model cal-
culation and automatic overload limits:

e  Current limitation by controller temperature model (inverter)
®  Current limitation by temperature model
e  Power limitation by braking resistor temperature model

Limits that intervene automatically do protect the electrical components from
damage, but also affect the power output of the component and can lead to
disconnection due to resulting errors or rejects during processing. Early de-
tection and reporting of threatening limitations is possible with the "load pre-
view" function for the temperature model calculations mentioned above:

®  Running the machining cycle with the heaviest load

e Determining the difference of the load curve (difference between maxi-
mum value and start value)

e  Determining a threshold value of the load at which the expected load dif-
ference is still just possible without reaching the limit

e  Signaling when the thermal load has reached the defined threshold val-
ue.

e  S-0-1710.0.2, Thermal device load

e  P-0-0141, Thermal drive load

e  P-0-0441, Thermal drive load warning threshold

e  P-0-0465, Maximum value thermal drive load

° P-0-0467, Maximum value thermal load of braking resistor

e  P-0-0469, Prewarning threshold of therm. load of braking resistor
e  P-0-0844, Thermal load of braking resistor

e E2061 Device overload prewarning

e  E2820 Braking resistor overload prewarning

Thermal load

The temperature modules of the firmware determine the thermal load of the
e inverter of the controller
®  Braking resistor of the controller
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Estimating the continuous load

Conditions for estimating the con-
tinuous load

Bosch Rexroth AG R911385754 _Edition 02

The thermal load of these components is displayed in
®  S-0-1710.0.2, Thermal device load

o P-0-0141, Thermal drive load

®  P-0-0844, Thermal load of braking resistor

These parameters can also be assigned with values for test purposes to esti-
mate the effective continuous load to be expected by running load cycles.
Compare the load at the end or at the start of one or several load cycles:

o Falling value: Pre-assigned value was higher than the effective continu-
ous load to be expected

®  Rising value: Pre-assigned value was lower than the effective continu-
ous load to be expected

Load &

100 %~ ———————————————————.

Actual ther

|
Lo | ma\I load
I I
I I
I I
I I
0% : : >
to t t,
DF000592v01.th11
Lo Pre-assignment with low load initial value
Leff Effective thermal load, theoretical final value
Lo2 Pre-assignment with high initial load value
Fig. 9-5: Schematic load curves with different load pre-assignment

It is possible to estimate the continuous load if the duration of the load cycle
is within the range of the thermal time constant of the respective component
(milliseconds to seconds with controllers and braking resistors). With frequent
repetition of the load cycle, it is possible to slowly increase the level of load
before the limitation intervenes, particularly with controllers with high intensi-
ties of current, if the effective continuous load is closer to 100% than the load
rise of a load cycle:
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Load 4
100 %—fp——-——————FT—7"™\———"—————"
Actual thermal load
L—fp——— >
L= —— = ——
I
I
I
I
I
I
I
I
0 % i >
to t
DF000591v01.fh11

Lo Thermal load upon start of machining cycle

Thermal load Thermal load of the component

L, Thermal load at the end of the machining cycle

Fig. 9-6. Exemplary load curve of a load cycle with infervening limitation

Maximum load value and load preview

Load rises are generated when running load cycles. The minimum value of
the load is saved in firmware parameters.

° P-0-0465, Maximum value thermal drive load
e  P-0-0467, Maximum value thermal load of braking resistor

Q Only KMV03 has an integrated braking resistor.

Loadrise  Repeatedly saving maximum values can be forced by entering the value "0"
in these parameters. The maximum value of the next load cycle is saved. The
difference between maximum value and start value of the thermal load is the
"load rise";
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Load preview

Signaling "limitation risk"
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Load &

100 %~ ———————————————————.

P Actual thermal load

2
N = 2 L--
I |
I |
0 % . T >
-t | L 0
to t t,
DF000590v01.fh11
Lo Thermal load upon start of machining cycle
L4 Maximum value of load (is saved)
Actual thermal load Thermal load of the component
L, Thermal load at the end of the machining cycle
Fig. 9-7: Exemplary load rise of a load cycle

"Load preview" is possible by setting the appropriate prewarning threshold.
Thus, a message is generated when, at the next expected load rise, the ther-
mal load comes close to 100% and the electrical component risks that a limi-
tation intervenes. The threshold value can be set in:

e  P-0-0441, Thermal drive load warning threshold
®  P-0-0469, Prewarning threshold of therm. load of braking resistor

Frewarning threshold £ 100%-(AlLoad, . )= 100%-(L-Lg)

Lo Thermal load upon start of machining cycle
AlLoad,a Load rise of machining cycle to be expected

L4 Maximum value of machining cycle load

Fig. 9-8- Calculating the limit value for the prewarning threshold

The prewarning threshold to be entered has to be smaller than the limit value
(safety distance).

Reaching the prewarning threshold is reported by a warning message:
e  E2061 Device overload prewarning
e  E2820 Braking resistor overload prewarning
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The prewarning is displayed in "S-0-0012, Class 2 diagnostics" and has to be
read out by the control master. Expected: Activation of limit after responding
to the prewarning upon the next regular machining cycle. The control master
can now take preventive action.

Overview of thermal protective functions and associated diagnostic

messages
2
-§ Diagnostics Cause Drive reaction Status bit | Display
=
E2841 Prewarning: Temperature sensqr tem- F2841 after 30 s or after 1.1 s
. . perature > prewarning . . S-0-0012
Mains connection . o if temperature sensor = bimet- | . P-0-0816
2 threshold (device-specific bit 1
c overtemperature al
o) threshold)
o
2 Temperature sensor tem-
£ .
8 F2$41 Shutdoyvn. perature > switch-off thresh- . S-0-0011
c Mains connection . o Power supply switched off . P-0-0816
S old (device-specific thresh- bit 1
2 overtemperature
S old)
€ |E2822 Mains
o .
2 connection o Temperature °sensor tem- F2822 after 30 s S_-O-0012 P-0-0816
S temperature monitoring | perature < 40°C bit 1
€ defective
3
% F2822 Mains
1 connection Temperature sensor tem- . S-0-0011
temperature monitoring | perature < 40°C Power supply switched off bit 1 P-0-0816
defective
Ambient temperature too The Qewce temperatur.e meas-
low. The specified perform- ured in the power section is
F2020 Low device - 1hesp P ~ | too low and does not allow the | S-0-0011
ance data apply at an ambi- . S-0-0384
temperature error o output stage to be operated. bit 1
ent temperature of 0 °C and .
above The supply unit refuses to
’ charge the DC bus.
_ Amplifier temperature mod- $-0-1710.0.2
E2061 Device | S-0-0012
. € None . or
overload prewarning bit 1
Load > P-0-0441 P-0-0141
E8057 Device Amplifier temperature mod- S-0-1710.0.2
o . | S S-0-0012
o overload, current limit |€ Output current limitation bit 0 or
S active Load > 100% P-0-0141
IS
< -
E2050 Device
overtemp. prewarning Temperature sensor F2018 after 30 s S-0-0384
E2020 Dovi Temperature > prewarning S-0-0012
evice ) threshold (device-specific £2040 after 30 bit 1 P.0-0816
overtemperature threshold) after 30 s -0-
prewarning
F2018 Warning, device
overtemperature Temperature sensor S-0-0384
shutdown Temperature > switch-off | po\yer supply switched off S-0-0011
F2040 Device threshold (device-specific bit 1
overtemperature 2 threshold) P-0-0816
shutdown
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)
'§ Diagnostics Cause Drive reaction Status bit | Display
=
i i Temperature model -0-
E2820 Braking re_S|stor p None S_ 0-0012 P-0-0844
overload prewarning Load > P-0-0469 bit 1

Brake resistor

F2820 Braking resistor | Temperature model
overload Load > 110%

"P-0-0119, Best possible

deceleration" and power sup- S-0-0011 15 044
. bit 1

ply switched off

Notes on commissioning
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Tab. 9-3: Thermal protective functions of IndraDrive and associated diagnostic
messages

Procedure for estimating the effective continuous thermal load

In case of controllers and in the braking resistor, the effective thermal load
can be estimated as follows:

®  Prior to running the load cycle, the thermal load value is written with an
estimated start value for effective continuous load. Note the start value.

e After the machining cycle is completed, compare the load value to the
noted start value.

- In case of a load rise, enter a much higher start value for the next
machining cycle

— In case of a load drop, enter a much lower start value for the next
machining cycle

° Repeat until the load is approximately the same before and after the
machining cycle, using adjusted start values. Consequently, the load
value corresponds to the thermal continuous load caused by this load
cycle.

The stored maximum value of thermal load should not have reached 100% if
the component is to operate without the risk of a limitation.

Procedure for setting the load preview

The effective continuous load of high-current controllers and braking resistors
of high energy storage capacities can only be estimated very imprecisely by
observing a few load cycles. An accurate statement can only be made via the
temperature sensor. However, a long-term operation via the 5-fold duration of
the thermal time constant is required.

The "load preview" can be advantageously used to avoid load-related inter-
vention of limitations. It is possible to recognize in advance from when the
component runs the risk of being limited in its power output.

Procedure:

e  Write "0" for the maximum value of the thermal load before running the
load cycle.

e  After the machining cycle has been completed, note the value of the
thermal load and automatically subtract it from the saved maximum val-
ue. Subtract the difference value of 100%, if required, reduce the re-
maining value due to safety reasons and enter the value in the parame-
ter of the prewarning threshold.

®  Query the message of the reached prewarning threshold in the bit of
S-0-0012 and take appropriate measures on the control before running
the next machining cycle.
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9.4 Control panel
9.4.1 Brief description

Display options of the control pan-
el

Control panel variants

Setting options using the control
panel

IndraDrive controllers are equipped with a control panel with the exception of
IndraDrive Mi controllers. The control panel front, the so-called "control pan-
el" consists of a display and four keys below it. The display shows operating
states, command and error diagnoses, as well as present warnings.

8-digit display

1 Hb

DG000001v04 en.fh

Fig. 9-9: Schematic illustration of the IndraDrive control panel

The four keys can be used to display extended diagnostic messages and trig-
ger simple commands (in addition to master communication, IndraWorks or
NC control). The menus are all in English; any present diagnostic and error
messages are displayed in the language set in parameter "S-0-0265,
Language selection".

The display of the IndraDrive controller automatically shows
e  Status of the master communication

e  Operating status

e Commands and diagnostic command messages

e  Warnings and diagnostic error messages

e  Extended displays such as contents of type designation of firmware ac-
tive in the device or safety technology code (if safety technology option
available)

There are the following control panel variants

1. Standard control panel

2. Standard control panel incl. slot for optional memory card
3.  Advanced control panel incl. slot for optional memory card

In addition to the functions of the standard control panel, the Advanced
control panel has an extended retain data memory for MLD. Using the
Advanced control panel requires an IndraDrive Advanced.

4. VCP operator terminal, optional

As an option, an operator terminal can additionally be connected to the
drive via an Ethernet connection. VCP operator terminals are freely pro-
grammable, i.e. it is possible to implement application-dependent set-
tings and diagnostic messages.

The following settings can be made using the control panel:

®  Setting the controller address (address of master communication)
e  Setting the master communication protocol

e  Setting IP addresses for engineering
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Activating commands via the con-
trol panel

Configuring the control panel

Only one command is supported flir supply units. It can be activated using
the control panel:

®  Activating "S-0-0262, C07_x Load defaults procedure command" (load-
ing controller parameters or basic parameters)

The main menu can be accessed using the Enter key. The control panel can
be configured to a limited extent:

® |tis possible to choose between the edit mode and the view mode of the
control panel.

—  "P-0-0680, Control panel: Configuration", bit 14 = 0, Edit Mode,
changes can be made using the control panel.
- "P-0-0680, Control panel: Configuration", bit 14 = 1, View Mode,

the entry via the control panel is locked. If the modification screen
is activated on the display for a date which can be changed, the
"Edit disabled" message is generated, it is not possible to change
the value.

However, a temporary edit mode can be activated by keeping ESC
+ENTER pressed for 8 seconds. If the main menu is started in this
way, parameters can be adjusted as usual.

e Before a value is changed, the additional query "Ok?" is displayed. It
has to be confirmed with the ENTER key before a value is actually
changed. This is to prevent accidental changes.

e  Bit 15 ="1" in "P-0-0680, Control panel: Configuration" can be used to
deactivate the output of diagnostic texts. In this case, the diagnostic
message number is always output, the diagnostic text is not displayed.

9.4.2 Functional description

Programming module types

Programming modules

Bosch Rexroth AG R911385754 _Edition 02

A compatible programming module is provided with each controller. The pro-
gramming module contains the specific firmware for the drive controller. The
firmware can be used for each particular performance (Economy, Basic and
Advanced). Thus, each programming module is derivative-specific and can-
not be used for a device with a different derivative (e.g. basic programming
module on economy device).

If the display is plugged in incorrectly by mistake, the corresponding error
(F9200) is displayed and the device does not boot up.

Additionally, each display contains the application-relevant data that are
backed up in case of a control voltage drop. This allows a device to be easily
replaced in case the hardware is defective, unless the display itself has been
damaged.

The control panel contains four keys, Enter, Esc, Up and Down. Additionally,
a display unit is available with eight characters and 7x5 pixels. Difference be-
tween the programming modules: optional functions and different coloration.

As a standard, the Advanced device is supplied with the Advanced program-
ming module.

The programming module is available in three configurations:
1. Standard programming module

These programming modules have been supplied up to now. They will
be entirely replaced by the standard programming module incl. the
memory card slot. The missing memory card slot on the left side of the
module differentiates this module from other variants. The programing
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Elements in this documentation
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module contains the device firmware and the application-relevant mem-
ory.
2. Standard programming module incl. memory card slot

All new Economy and Basic devices are supplied with an enhanced
standard programming module featuring an additional memory card slot
for the optional memory card.

As for the standard programming module, the firmware and the applica-
tion-relevant memory is contained on the programming module. In addi-
tion, machine-relevant data can be stored on the optional memory card.
With Basic devices the optional memory can be addressed from MLD
(saving and loading application-relevant data/files).

It can be visually distinguished from the sandard programming module
by a small slot on its left-hand side provided for an optional memory
card (uSD card). The programming module structure is identical tot he
advanced programming module structure. To ensure an easier identifi-
cation between advanced programming module standard programming
module including the memory card slot, the keys of the programming
modules in different colors. The keys of this module are gray, the chas-
sis is light gray.

3.  Advanced programming module incl. memory card slot

All Advanced devices are provided with a so-called Advanced program-
ming module. In addition to the memory card slot for the optional memo-
ry card, the Advanced programming module contains an internal memo-
ry extension for the MLD retain data. The retain data memory for MLC
was extended to 31728 bytes.

As for the standard programming module, the firmware and the applica-
tion-relevant memory is contained on the programming module. Addi-
tionally, machine-relevant data can be saved on the optional memory
card.

The programming module structure is identical tot he advanced pro-
gramming module structure. To ensure an easier identification between
advanced programming module and standard programming module in-
cluding the memory card slot, the keys of the programming modules in
different colors. The keys of this module are blue, the chassis is light
gray.

Using the Engineering interface of the controller, it is also possible to connect

an independent VCP operator terminal that can, for example, be integrated in

the front of the control cabinet.

VCP operator terminals are separate components (terminals) that can be
used in addition to the control panel. They can be connected to the controller
via Ethernet.

VCPs can be programmed by users. All parameters of the controller and vari-
ables of MLD can be accessed.

Overview of the elements used in the drawings below and their meanings:

1 bb Standard display

Enter key
- Apply change

- Go to subordinate menu
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Menu selection

Navigating in the menu
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ESC key
- Reset changes

g

- Go to superordinate menu

Arrow keys

- Go to next/previous entry in the menu

4p

- Change value by one unit

Flashing display

Device The text regularly switches between both
Info elements. The text displayed requires
more than 8 characters.

Gray display

Element is options and is displayed de-
pending on the device or the setting.

Escape menu
The shortcut ESC + Enter is used for un-

@ + locking in active view mode. First press

the ESC key, then additionally the Enter
key.

Display (continuous text)

IP-Addre |ss: 192.168.0.1 |The textis output as continuous text. The
value is exemplary and depends on the
hardware and the settings.

Tab. 9-4: Elements

Keep pressed

Esc | + [Enter] | eg |1 Ab :

for 8 seconds -_—————_——=———

Display
protection

P-0-0680, >
active?

Bit 14 =0

—— e ) o —— [ e e o b o o e e e e e o o o o —— —
i_ Main menu I r Main menu l | Mainmenu, |
I (I I | locked |
_________ - — ———————— ] — — —— —— — — — —
Independent of settings
in P-0-0680, Bit 14

DC000188v01_en.fh
Fig. 9-10: Menu selection, depending on "P-0-0680, Control panel:

Configuration”

Get from the standard display to the main menu by pressing Enter. Different
sub menus can subsequently be accessed via the Enter key.

The menu contains a "View level" in which information is visualized. If param-
eter information is displayed that can be modified, press the Enter key again
to activate the Edit level. Use the Up and Down keys to change the current
value in the Edit level.

The change only becomes valid if the "Enter" key is pressed again. The Edit
level can be exited using the "ESC" key, changes are not applied.
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Quick browsing

Consecutive browsing

Access protection
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When exiting the Edit level, the View level is reached automatically by verify-
ing the realized changes again.

If information exceeding a length of eight characters (e.g. the IP address), the
text is output as running text. The text is repeated until exiting the menu using
the "Esc" key.

Running text is displayed as follows:

IP-Addre [ss: 192.168.0.1

Fig. 9-11: Operator panel display, representation of continuous text

When the Up or Down key is pressed for a long time to change numerical val-
ues (e.g., changes in the drive address), the display automatically keeps
browsing. When keeping the key pressed for five seconds, the maximum
scrolling velocity is reached. This allows for a quick change between large
values.

When the end of the value range of a data to be changed has been reached,
or the last menu item, browsing automatically continues in the same direction
with the first element. When changing a position from 10 to 250 in an IP ad-
dress, it is recommended to scroll back to reach the desired value in steps of
15 instead of steps of 240.

There are two options for restricting access via the operator panel:
e  Standard password protection

Parameters can be write-protected via standard password mechanisms.
These parameters are password-protected and can only be changed if
the correct password has been entered. Parameters contained in the
control panel are also affected by this mechanism.

e Display protection

Additionally, it is possible to lock the display. Set bit 14 in "P-0-0680,
Control panel: Configuration" to do this.

Display protection is activated:

r 0 T -i P T T T I
|  MenuLevel | : ViewLevel | | EditLevel |
! L o |
|
o | - ]
: Adgress| [Emer] | > | 2| [Ener] | > : Edit [Enter :
| Address i : i : disabled @ |
| I | — |
| I I !
{ L L |
| | | I |
| L |
' b b |
! L L |
| | | |
e __ I S + L ___
DC000187v01.fh11
Fig. 9-12: Example. Active display protection

The display protection can be temporarily deactivated via the display in which
the ESC + Enter key has been pressed for 8 seconds in the standard display.
When returning to the standard display, the display protection is activated
again.
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Acknowledgment  If a value is changed from the operator panel, it has to be confirmed. The dis-
play shows "OK?". The value is applied with the "Enter" key and the Edit Lev-
el or View Level is exited. Use the "ESC" key to return to the Edit Level or
View Level.

—F————a  —————— —_——— e ————— r————
| | Ll menu | | . |
I Menu Level I| IMenu Level Ii | | Levelm | . | Menu Level Il | IMenu Level IV
| | | | | | Write value for | | | |
| | 1 . th new drive address to | | |
| : | | i V" corresponding parameterl | | | —
: | | | : (8-0-1040 or | I : p— [[Erter
I | I : I I P-0-4089.0.3) : : | —:fe?cj
S | | —
: [é/ I Enter l v *)I o I : I | :
| Address || —» || adr. =yz ![E"'efjl | I |
| Address [ ! | | I l
I ~7 | If&j | A A A I I l I l
| AvA | | I | | | |
I I l : I : @*** ) :
: : : | : Adr. xyz Enter |
| | I I | | | Adr - changed?
I | ' IELCT! Edit I : Ava :
: : : | i disabled : | I
| | - | i i
[ | — I : :
| I — I : :
_____ - | R | S —" IS |
DCO000186v01_en.th11
*) "Adr. xyz" stands for the address to be entered "xyz"
**) To change from the active display protection (View Mode) to
the Edit Mode, go back to the standard display and unlock the
View Mode from there by pressing ESC with ENTER key for 8
seconds.
) A new address is set using the Up and Down key.
Fig. 9-13: Acknowledging or implementing Edit/View Mode using changing a

Menu structure overview

Bosch Rexroth AG R911385754 _Edition 02

value as an example

The display features a standard display that shows axis-specific states and
diagnostics. The standard display also shows errors that can be directly
cleared via the display, if the cause of the error was removed.

The main menu can be accessed from the standard display by pressing the
"Enter" key.
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Main Menu
Menu Level 1"

(A

Ethernet
Ethernet

[(VI[A]

Comm.

Setting the IP addresses

Setting the master
— - | communication protocol
Protocol

(VI[A]

Address
Address

(VI[A]
Device
Info

(VI[A]

Setting the drive address

Electronic type plate

Expert Extended menu

Menu

V1A
Quick

Setup

(VI[A]

Opt. display of actual
M values, parameterizable***

Opt. parameterizable
commissioning menu**

Values

—————— — —— ——— —— — —— ———————————————— o]

DC000211v01_en.fh11

) Main Menu and Menu Level | can be write-protected, depend-
ing on the setting in "P-0-0680, Control panel: Configuration”

**) Can be configured using "P-0-0680.0.1, Control panel: Config.
list of changeable app. parameters”

*) Can be configured using "P-0-0680.0.2, Ctrl panel: Config. list
of app. parameters to be displayed"

Fig. 9-14: Overview of display menu structure

The display is functionally divided into 2 areas, the display of the active ad-
dress of the drive in the respective master communication and in the case of
errors/warnings, the display of current operating status corresponding to the
content of S-0-0390. If the state with the highest priority is a warning or an
error, the display flashes and displays the diagnostic text in the language se-
lected in parameter S-0-0265. By default, the diagnostic text (content param-
eters S-0-0095) is output as running text. Output as running text can be deac-
tivated using bit 15 of parameter "P-0-0680, Control panel: Configuration".
Once the running text has been displayed, the display changes to the master
communication address an the error number until the error or the warning is
not pending anymore or until it has been deleted.
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Active |
identification :
address

of the device :

I

: NRT | Communication phase -1

1 Po | Communication phase 0
1 P1 | Communication phase 1
1 P2 | Communication phase 2
1! P3 | Communication phase 3

8-digit display for
- Operating status
- Activated commands and diagnostic command messages

- Warnings and diagnostic error messages DC000153v02_en.fh

Fig. 9-15:

Display during swifching up of the phase of the master communica-
tion

Active
identification
address

of the drive

1 oM | AO0051

o503
posos

AGs04
os02

1 LB | AO0500or A0O501 (| LB)

- operating status
- activated commands and diagnostic command messages
- warnings and diagnostic error messages

DC000204v01.th

A0051
A0500
A0501
A0502
A0503
A0504
A0505
A0520
Fig. 9-16:

Operating mode

Supply module in voltage control

Supply module in current control

Supply module in operation

DC bus charging active

Control section ready for oper., mains voltage not available
Power supply module ready for operation

DC bus quick discharge active

Display of operating states is exemplary of a supply unit in mains op-
eration
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ey | 1 ico101]
display — 1 .c0101
Active | Display of
identification ! *., command
address +. error number
of device i Display of ™
» currently active’s,
 commands N

DC000059v04_de.th

Fig. 9-17: Explanation of command error displays
1 'F4002
eplay " 1 2051
Active I :\ Display of the
identification 1 *\_  error or warning
address | *. humber
of the device ! Display of *
' the error or
' warning class
DC000060v04_en.fh
Fig. 9-18: Explanation of error and warning displays

Priorities of display

Displaying the controller address

The displays have priorities, as it is not possible to display various messages
simultaneously.

The display shows the current drive status with the highest priority.

Active |
identification |
address |

of device |

1 'F4002

8-digit display for

increasing
priority

Error messages
Warnings
Command errors
Commands

Operating status

- operating status
- activated commands and diagnostic command messages

- warnings and diagnostic error messages
DC000037v05_en.fh

Fig. 9-19: Priorities of displays (with exemplary displays)

The controller address is displayed in the standard display on the display. A
3-digit controller address is supported on the display. A controller address >
99 is output as continuous text.

The displayed controller address depends on the type of addressing. It is dis-
tinguished between device-oriented addressing (P-0-4089.0.3) or a slave-ori-
ented addressing (S-0-1040).

The table below shows the parameters used for the relevant addressing type:

Master communication Read access Write access
Sercos S-0-1040 S-0-1040
EtherCAT P-0-4089.0.3 P-0-4089.0.3
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Main menu

General information

Ethernet
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Master communication Read access Write access
PROFINET P-0-4089.0.3 P-0-4089.0.3
EtherNet/IP P-0-4089.0.3 P-0-4089.0.3
PROFiBUS P-0-4089.0.3 P-0-4089.0.3
Analog/parallel interface P-0-4089.0.3 P-0-4089.0.3
Tab. 9-5: Parameters of controller address depending on master communica-

tion
Pertinent parameters:

S-0-1040, Drive address of master communication
P-0-4089.0.3, Device address

By default, the main menu has 6-8 menu entries. They are "Ethernet",
"Comm. Protocol", "Address", "Device Info" and "Expert Menu". Additionally,
two optional menu items "Quick Setup" and "Actual Values" have to be avail-
able. However, these menu items are only available in case of a certain pa-

rameterization.

Overview of standard menu entries:

Control panel text:

Note / information:

Ethernet

Under this menu, the set IP settings are displayed for En-
gineering connections. If required, they can be changed.
The menu structure below "Ethernet" varies depending on
the hardware used.

Comm. Protocol

This submenu displays the currently selected master com-
munication protocol. It is possible to change or deactivate
the protocol in this menu.

This submenu shows the current controller address. The

Address address can be changed, if required.

This submenu displays information about the used hard-
Device Info ware, e.g. firmware string (S-0-0030). No settings can be

selected in this submenu.

More complex functions are available under this menu
Expert Menu

item, e.g. "Load defaults procedure command".

Overview of the optional menu items:

Control panel text:

Note / information:

Quick setup

This optional submenu contains entries parameterized by
the user. Each entry contains a scaled value directly linked
to a parameter, also see "P-0-0680.0.1, Control panel:
Config. list of changeable app. parameters".

Actual Values

This optional submenu contains entries parameterized by
the user. Each entry contains a scaled value directly linked
to a parameter.

The settings to the individual Engineering interfaces can be found here.
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The IP address, the subnet mask and the standard gateway can be set. The
physical MAC address (cannot be changed) is also contained here.

Depending on the hardware type, more or less submenus are available in
menu level Il.

—————————— —— T === 1
| Menu Level I Menu Level Il :_ View Level |
: A | I |
| Comm I I I
| | Prot l ! !
| - | I I
A | I |
| | I |
| [2dare [ I I
= | | |
- [ | :
e VN ,

Ent
I Ethernet [Enleﬂ |, |Engin. {neq || IP-Addre [ss: 192.1 0.1 |
: Ethernet |~ | x24-%25 » | :
- | |
| (V]2 | | (V][] !
| |Device : : Subnet-M |ask: 255.255.255.0 |
: nf I | :
| | = —~
|
| L [ ! Gateway- |Address: 0.0.0.0 :
| - | [} — I
| | | I
| a : : VA ,
: ua | || Mac-Addr |ess: w;ufw—::o—54—.1;‘—u—;.3:
lue | |

- | I |
P | | V] I
L | [ l
__________ -— e e — — ————— ———— — o ]

DC000213v01_en.th11

Fig. 9-20: "Ethernet" submenu
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FKM-Eng.

—— "IP Address: 192.168.0.1" |«

X22-X23

| Engin. |

X26

Hardware-dependent / - §\
e |
|| TP=192. | [Emer| | 192.168. | [Emer] | 168. 0. | [Enter 0. 1 | [Enter] |
|| 1p= [Esc ]| 192. [Esc| | 168. . | [Esc] 0. |
| |
\ J

— e e . —— —— . —— —— —— —— —— —— —— — — — — —— — — — — — — — — — — —

IP=255
(o (T Y A Yoo \
| AN AT AN WA
| [ 1p=193. | I[enter]| [ xxx.169. | I[Enter || 3ox. 1. | l[Enmedi [ 3xx. 2. | I[Enter]
: == :@: XXX. :@: XXX. . :@: XXX. :@
| [(VIAT ) VAT (AT 1 AT
| ["1p=192. | |[emer|| [ 30x. 168 :I XXX. 0. :Elmrl xxx. 1. el
: IP= : Esc : XXX . I@I XXX . . |@: XXX I@
| [VI[AT T [:]@: | [(VI[A] : | [VI[A] :
: IP=191. :: XXX.167 |: XXX .255. |@: XK. 0. | |[Enter]
|| IP= |[Ese ]| | xxX. |LEse | |[3xx. .| |[Ese] | XXX, | Ese]
v o
I I I I
\_____ ) \ / \ ) \ /
. IP= 0. ... IP=xxx.0
DCOv00110v02_de.fh11
Fig. 9-21: Example for setting the IP address for "FKM-Eng. X22-X23"

Automatically assigning the subnet mask

If the IP address is changed via the display, the subnet mask is automatically
changed in three specific networks. The following table shows the dependen-

cies:

IP address Subnet mask
C-class mains: 192.x.x.x 255.255.255.0
B-class mains: 172.x.x.x 255.255.0.0
A-class network wtih 10.x.x.x 255.0.0.0

If this setting has to be adjusted, it can be changed via the display of the sub-
net mask.

Automatically activating the IP addresses
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If min. one setting is changed in the IP addresses, the command "C6100
Command Activate IP settings" is started when exiting the menu level Il via
the "Esc" key and the changed IP settings are set to valid.

Only changes confirmed in an Edit level using the "Enter" key are set to valid.
If no changes were made or if all changes have been canceled again using
the "ESC" key, the command is not executed.

This menu contains different elements, depending on the master communica-
tion hardware. See figure "Comm. Protocol" on page 215.

The currently selected master communication protocol is displayed on the
View level. By pressing the Enter key again, the protocol can be changed in
the case of the MultiEthernet option. Otherwise, the master communication
protocol can be activated/deactivated here.

If the controller is used as stand along device without master communication
connection, use "not act." as master communication protocol.

The figure shows the menu structure of an IndraDrive Cs Basic without op-
tional master communication option.

Edit Level

View Level :
| -
|
|

P-0-4089.0.1

Menu Level

(A

J

Enieﬂ sercos Enjr

Comm. sercos

Protocol sercos sercos

(VI[A]

not act.

(VA

PROFINET

(VA

EtherCAT

|
|
|
|
|
|
|
|
|
|
|
|
|
|
Eth. IP |
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
[
|
|
|
|
|
|
! VIIA]
|
|
|
|
|
|
|
|
|

— ——— — — — — — — — — — DC000201v02_en.fh11

Fig. 9-22: Address submenu for "Comm. Profocol” of IndraDrive Cs Basic in
standard characteristic

Options in Edit Level in case of different hardwares:

The currently selected controller address is contained below "Address". De-
pending on the addressing type, the drive address is "S-0-1040, Drive
address of master communication" or "P-0-4089.0.3, Device address" This
address is used for logic identification of the controller by the superordinate
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control. In case of an incorrect configuration, the control detects that a con-
troller with incorrect configuration is contained in the link.

| | i |
| Menu Level | View Level | Edit Level |
| I $-0-1040 | |
| I P-0-4088.03 A |
: : ' Adr. 254 |* l
| Prot 1 | : Adr. |
| | I |
| | I |
| Address [E?L‘;rj I | Adr. 13 I
: Address I | Adr. :
| -

| A I I (VIilA |
| - |
| |Ethernet | Adr. xx | [Eme] | _ |Aadr. 12 |
| |Ethernet | Belzo | 7| Adr. |
| | - |
| (V1A | ! VAV |
: —— I I Adr. 11 :
| Inf | : Adr. |
[ | | |
' | ' [ Adr. 1 '
: otur : I Adr :
I = I : V] I
| | I |
I [ 1 -
I lue: I

| |

| |

| |

———————————— DC000200v02_en.fh11

* Max. value depends on "S-0-1040, Drive address of master
communication”, "P-0-4089.0.3, Device address"
Fig. 9-23: "Address" submenu

Device Info  Under "Device Info",identification data, such as the firmware version can be
found. Hardware information, too, can be found in this menu, e.g., type code,
material number and serial number.
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___________ — F———————————
| | . I |
| Menu Level | View Level I Edit Level |
| | S-0-1040 | |
| a | P-0-4089.0.3 | A |

v |
: omm : | Adr. 254 |* |
| ok | : Adr. |
| D& | | |
| Address @ I | Adr. 13 |
: Address : | Adr. :

| -
: % | o \VAIAN :
| [Etherne I Ade. 12| ] | RS I
| Etherne | Adr. 12 i » | adr |
| | e |
| | ! \valvy |
: — : : Adr. 11 :
= Adr.
Inf
— : ' :
| 4 | ! |
I — | | Adr. 1 |
e | |
I etus | | Adr. |
' v
I <A | I v |
| - | I |
| ual - T =
l 1 lue I
| |
| y |
| |
—— ————— — — —— — DC000200v01_en.fhi1
Fig. 9-24 "Device Info" submenu

R911385754 _Edition 02 Bosch Rexroth AG



218/305

Handling, diagnostic and service functions

Assigning the entries in the "Device Info" menu to the parameters used

IndraDrive Power Supply Basic PSB-21 Functions

Device type Menu Entry Parameter used
Supply unit (HMV05) | Power Unit Type name S-0-1300.0.4
Single device HW revision S-0-1300.0.8
Order number S-0-1300.0.11
Serial number S$-0-1300.0.12
Control Unit Type name S-0-1300.1.4
HW revision S-0-1300.1.8
Order number S-0-1300.1.11
Serial number S-0-1300.1.12
Power Unit 1 Type name S-0-1300.50.4
HW revision S-0-1300.50.8

Order number

S§-0-1300.50.11

Serial number

S-0-1300.50.12

Mains adapter

Type name

S$-0-1300.80.4

HW revision

S$-0-1300.80.8

Order number

S-0-1300.80.11

Serial number

§-0-1300.80.12
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Device type Menu Entry Parameter used
Supply unit (HMV05) Power Unit Type name S-0-1300.0.4
Device from parallel HW revision S-0-1300.0.8
connection
Order number S-0-1300.0.11
Serial number S$-0-1300.0.12
Control Unit Type name S-0-1300.1.4
HW revision S-0-1300.1.8
Order number S-0-1300.1.11
Serial number S-0-1300.1.12
Power Unit 1 Type name S-0-1300.50.4
HW revision S-0-1300.50.8

Order number

S-0-1300.50.11

Serial number

S$-0-1300.50.12

Power Unit n

Type name

S-0-1300.5n.4

HW revision

S-0-1300.5n.8

Order number

S-0-1300.5n.11

Serial number

S-0-1300.5n.12

Mains adapter

Type name

S-0-1300.80.4

HW revision

S-0-1300.80.8

Order number

S-0-1300.80.11

Serial number

S-0-1300.80.12

Tab. 9-6:
Pertinent parameters:

Structure of Device Info menu depending on the device

S-0-1300.x.9, Software version
S-0-1300.x.4, Device Name
S-0-1300.x.8, Hardware version
S-0-1300.x.11, Order Number
S-0-1300.x.12, Serial Number

Expert Menu with Commands and

Diagnostic submenu

R911385754 _Edition 02 Bosch Rexroth AG



220/305 IndraDrive Power Supply Basic PSB-21 Functions

Handling, diagnostic and service functions

| Main Menu | 'Menu Level | IMenu Level i

Menu Level

[A]

SMO Info
SMO Info

(VI[A]

Ethernet
Ethernet

AVAIVN

Comm.

Protocol

VLA

Address

Address

(VI[A]
Device
Info

(VI[A]

Expert
Menu

(VI[A]

Quick
Setup

(VI[A]

Actual

> Commands Load
| p— default

FKM- | o [———————— *)
nostic ‘I?I- Diag. | @— |
ESC

ES

Values

[ e — e — —— — ——— — — —— — ——— — ——— — ———————————— — —

DC000205v01.th11

) This parameter contains the state of the field bus status ma-
chine in plain text. The diagnostic message depends on the
field bus used and is based on the nomenclature used in the
standard.

Fig. 9-25: Expert Menu with Commands and Diagnostic submenu
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|View Level | TEditLevel T T T T T T T T T T T

E E Enter
Commands| /& » [ Load LE"—';ﬂ P4090=00 L"(;ﬂ OK? [Emer] gy (Ever]
Commands — default [ | paoso=00| * | okx? P | C07 act.
IE [Esc | [Esc |
| I
| I
I |
| |
1 pv| | |
1 PM < |
b — — — B \ |
DCO000212v01.fh11
Fig. 9-26: Loading the basic parameters

Quick setup  "Quick Setup" is an optional submenu with entries parameterizable on the
user side. Each entry contains a scaled value directly linked to a parameter,
also see "P-0-0680.0.1, Control panel: Config. list of changeable app.
parameters".

Actual Values  Predefined default value for supply units:

The "Actual Values" (P-0-0680.0.2) menu item of the supply units is initialized
with a predefined menu structure (default value P-0-0680.0.2). The following
parameters are displayed:

e  S-0-1702.0.1, Mains voltage peak value
e  S5-0-1702.0.2, Mains current

e  S-0-1702.0.13, Mains power

e  S5-0-1707.0.1, Actual DC bus voltage

e  S-0-1710.0.2, Thermal device load

= Current (A), voltage (V) and load (%) are displayed without deci-
mal places. Example: 53.3% load is displayed as "+0053".
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——— e e———— e == —_——————— =
I_Maln Menu : | Menu Level | :_ View Level |
| Menu Level | I : | |
s | | |
| |SMO Info | I : | |
| |SMO Info | : | :
2 B |
I
| | Ethernet | : | | :
| | Ethernet | | | | |
[ — | ||
| iAo || |
: Comm. : | I : |
| Freiteesl | | 501700047 LA : | I
| @ @ I :Iz 01 +0345 } ] p | Umains V :
— g ’
: Address : I[esc : : ESC |
| — : : S-0 1702[(2j N || :
-U- U, I -
: VA | I 02 +0250 [Ertr] : f—p | Tmains I I
| |Device I : < I :
Info | | Esc
: Y I[A] | ISO1702013 [omer) : | = :
l I : 03 +0050 ] I - PmainskW |
| Expert I | < } | |
| Menu I | | I |
| 1., via | e |
| (VI [A] I $-0-1707.0.1 || |
| [ouiex ' | Joewonss) = UL 1 pfuaee V]
l Jll(éétu | | - ! : |
| : b I | Esc | I[esc |
| VI[A] | (VLA | |
| |Actual | =——h | 05 +0053 }—p | Load I
: Values 4—:— i Esc < :@ |
VA | | ] : , |
e e — — d I ____________ - S . I
DC000203v01.fh11
Fig. 9-27: Default menu structure "Actual™"Values" for PSB derivative
"Actual Values" is a submenu with entries parameterizable on the user side.
Each entry contains a scaled value directly linked to a parameter, also see
"P-0-0680.0.2, Ctrl panel: Config. list of app. parameters to be displayed".
"P-0-0680.0.2, Ctrl panel: Config. list of app. parameters to be displayed" has
a default value for supply units.
9.5 Firmware replacement

9.5.1 Brief description
Basic principles

Explanation of terms  The following cases are distinguished for firmware replacement:
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To be noticed
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® Release update

An old firmware release contained in the device (e.g. PSB21V04) is re-
placed by a new firmware release (z. B. PSB21V06).

e  Version upgrade

The old firmware version contained in the device is replaced by a new
firmware version (example: PSB19V10 is replaced by PSB21V06).

= The following chapters regarding the release update and firmware
upgrade exclusively apply to devices of the IndraDrive Cs type, as
well as control sections (CSB02, CSH02, CDB02, CSE02) and
IndraDrive Mi (KSM02, KMSO02). This information does not apply
to IndraDrive HCQ / HCT, but is described in the separate docu-
mentation "Rexroth IndraMotion MTX micro12VRS System De-
scription” (DOK-MTXMIC-SYS*DES*V12-PR0O1-EN-P, mat. No.
R911334369).

Firmware for IndraDrive can be replaced using the following hardware and
software:

e  Computer with FireFox or Internet Explorer web browser or
e  Computer with "IndraWorks" software or

e  Computer with TFTP client

® |ndraDrive Service Tool (IDST) (with MPx18V10 and above)

= "IndraDrive Service Tool (IDST)" allows the controller system to
be accessed, e.g. for remote diagnostics. Besides, authorized
users can handle different service cases with IDST, such as re-
placing drive components, loading parameters or updating/
upgrading the firmware.

Further information on "IndraDrive Service Tool (IDST)" is descri-
bed in the separate documentation "Rexroth IndraDrive Service
Tools IMST/IDST" (DOK-IM*MLD-IMSTIDSTV13-RE**-EN-P;
mat. no. R911342652).

= The "IndraWorks" commissioning software can be ordered from
Rexroth.

The scope of supply of "IndraWorks" contains a documentation
which describes the operation of the program.

After every firmware replacement (release update and version upgrade),
check the following parameters for validity:

®  P-0-2003, Selection of functional packages
° P-0-4089.0.1, Master communication: Protocol

It might possibly be necessary to set them valid during the first run-up after
the firmware replacement.

Preparations and conditions for firmware replacement

Preparing the firmware replace-

ment

Make the following preparations for firmware replacement:

1. Controller must be on (24 V supply).

2. The controller should not be in operating mode (communication
phase 4).
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3. It is recommended to save the backup parameters before replacing the
firmware (see Functional Description "Loading, storing and saving
parameters").

General notes on how to proceed  Observe the following points when carrying out the firmware replacement:

o For firmware replacement via IndraWorks or IndraDrive Service Tool
(IDST), Ethernet communication with the controller has to be possible.
(IDST is available with MPx18V10 or from PSB20V14 and above.)

o Do not switch off the 24 V control voltage while replacing the firmware.
®  The firmware replacement always has to be carried out completely.

Communicationtypes  Depending on the activated bus system (cf. P-0-4089.0.1), the Engineering
communication works in different ways. The settings and conditions have to
be made and complied with according to the bus system used. For further in-
formation see "chapter TCP/IP communication".

Via the programming module, the active IP settings can be viewed or adjus-
ted, if necessary (see Functional Description "Standard control panel").

= After the IP settings have been changed, the device has to be re-
started to activate the settings. If several devices have been con-
nected via the master communication bus, make sure that an un-
equivocal IP address is assigned to each node.

IP configuration in the Easy Menu  See functional description "Standard control panel"
IP settings on the computer  See Microsoft help, keyword "LAN connection"

9.5.2 Firmware release update
General information

Before the firmware release update, it is recommended to save the backup
parameters of the drive!

15y If the firmware is replaced at a device activated in a safety-related
way, this procedure has to be recorded in the machine logbook,
together with the axis identifier, configuration type data and pa-
rameterization type data.

Firmware release update with computer

= When the safety technology options S3 or S4 are used, the sys-
tem checks whether firmware and parameter set are compatible.
This prevents the safety technology from being operated with an
incompatible parameter set. Incompatible changes typically do
not occur in the case of a release update. In the case of an in-
compatibility, it is possible to either
e  continue with the existing parameterization by reloading the

originally available firmware, or

e  continue with the new firmware by way of initial commission-
ing (incl. loading of basic parameters for SMO contained
therein)

1. Connect the controller to the computer (recommended: Cat5e Ethernet
cable)

2. Load firmware

There are three possibilities of performing a firmware release update us-
ing a computer:
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e  Using IndraWorks
e  With a TFTP client
®  Via the supplied IDST web interface.

This option only applies to firmware updates of MPx18V10 and
from PSB20V14. IDST is not available for older versions.

1. Firmware download with IndraWorks
1.1 Call "IndraWorks".

1.2 Load project for the corresponding controller or create new
project. To do this, address the controller via Ethernet.

1.3 Switch project "online".

1.4 Select/highlight controller and call "Firmware management"
in context menu.

A new window opens and firmware currently available in
controller is displayed.

1.5 Highlight new firmware (*.ibf file) in the upper part of the di-
alog and start firmware download via "Download" button.

Firmware download runs automatically and all required
firmware components are loaded to controller.

1.6 After firmware download has been completed, close "Firm-
ware management" window.

2. Firmware download using a TFTP client

2.1 The firmware update service is provided via a TFTP server.
The command for transmitting the firmware is the "put"
command. The TFTP client has to transmit the file in the bi-
nary format.

Iy It is possible to carry out a firmware release update without
IndraWorks with any TFTP client supporting this command (e.g.,
Windows command line program "tftp.exe").

Example (with "Microsoft Windows consoles TFTP client"):

To carry out a firmware release update, only a "put" request is
transmitted. Do not use an optional alternative name for the file
on the target. The IP address of IndraDrive has to be specified as
the target (the standard is 192.168.0.1): tftp -i
192.168.0.1 put FWA-INDRV -MPB-17V12-D5.ibf

The parameter "-i" means that the file is to be transmitted in bina-
ry form.

See also functional description: "Firmware download via
TFTP server"

3. Firmware download with IDST (with MPx18V'10 or PSB20V'14)
3.1 Enter IP address of IndraDrive in web browser
3.2 Log in as service user at web interface

3.3 In navigation tree on the left side select "Firmware update”
dialog in "Service" folder

3.4 Select new firmware by clicking "Search" button, firmware
update is started by clicking download button

3. Restart controller
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At the end of the update, IndraWorks and IDST automatically provide
the option to restart IndraDrive using the reboot command S-0-1350. As
an alternative, IndraDrive can be restarted by resetting the control volt-
age

4. Put machine into ready-for-operation status again according to machine
manufacturer's instructions.

5. Check controller functions.

9.5.3 Firmware version upgrade

General information

Saving parameter values

When firmware in a controller is replaced by firmware of a more recent ver-
sion, this is called firmware version upgrade (e.g. FWA-INDRV*-PSB-19V06
replaced by FWA-INDRV*-PSB-21V04-D5).

= Before the firmware version upgrade is carried out, all parameters
have to be saved (e.g., with "IndraWorks"). After the firmware re-
placement, the parameters have to be restored, because the
command "CO07_1 Load defaults procedure command (factory
settings)" is carried out automatically. After the desired parameter
file was loaded, the controller is ready for operation again.

Before the firmware upgrade, all application-specific parameter values have
to be saved on a data carrier. The parameter backup can be carried out via:

e  "IndraWorks" commissioning software
— Saving parameter values on external data carrier

-or-

®  [ndraDrive Service Tool (IDST) (from MPx18V10 or PSB20V14)
- Saving parameter values on external data carrier

-or-

e  Control master
— Saving parameter values on master-side data carrier

Version upgrade with "IndraWorks"

Requirements

Firmware upgrade with
"IndraWorks"
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The following requirements should have been fulfilled in order that carrying
out the firmware version upgrade with "IndraWorks" makes sense:

e  Existing Ethernet connection between PC and controller
®  The current parameterization of the controller was saved.

Carrying out the firmware version upgrade with "IndraWorks" requires the fol-
lowing steps:

1. Load firmware
1.1 Call "IndraWorks".

1.2 Load project for the corresponding controller or create new proj-
ect. To do this, address the controller via Ethernet.

1.3 Switch project "online".

1.4 Select/highlight controller and call "Firmware management” in
context menu.

A new window opens and firmware currently available in control-
ler is displayed.
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1.5 Highlight new firmware (*.ibf file) in the upper part of the dialog
and start firmware download via "Download" button.

Firmware download runs automatically and all required firmware
components are loaded to controller.

1.6 After firmware download has been completed, close "Firmware
management" window.

1.7 Reboot controller
2. Set controller into ready-for-operation state
= Switch project "online".

After project has been switched "online", a message sometimes signals
that "IndraWorks" could not establish communication to the controller
via Ethernet interface, since controller-internal settings for Ethernet
communication were reset.

= In this case, reconfigure communication via "Search for devices" but-
ton!

= As firmware in the controller no longer complies with the version stor-
ed in project, a corresponding message is displayed. Select desired op-
tion in dialog to provide the controller in the project again and allow re-
establishing the communication to device.

= Manually set functional package and master communication protocol
via corresponding parameters.

= Activate command "C07_1Load defaults procedure command (factory
settings)". All buffered parameters are thereby set to their default val-
ues.

3. Load parameter values
> Load parameter file which was saved!

= Switch off the controller and restart it so that the parameterization be-
comes active.

4. Put machine into ready-for-operation state

= Put machine into ready-for-operation state again according to ma-
chine manufacturer's instructions!

=Check controller functions!

9.5.4 Possible problems during firmware replacement

General information

After an incomplete firmware update, the drive controller possibly is no longer
operable.

Firmware replacement is carried out incompletely, if one of the following sit-
uations occurs during the sequence of firmware replacement:

e 24V supply of control section is switched off

e  Connection to the controller is interrupted (e.g., defective interface ca-
ble)

e  Update software / computer crashes

If there is no valid firmware available in the control section, the loader is star-
ted. The text "LOADER active! IP address: 192.168.0.1" appears on the dis-
play in light writing. With the loader, it is possible to replace the firmware of
the control section.

= Upon successful firmware replacement in the control section, a
restart has to be carried out.
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Firmware replacement in control
section in the case of error

The following steps are required for loading the firmware to the control sec-

tion in the case of error:
1. Call "IndraWorks".

2. In the menu, call the firmware management under Service » Firmware

management.

A new window opens in which firmware file last used is displayed on

PC.

3. Select the "Download via Ethernet" tab.
4. Set|IP address "192.168.0.1".

5. Highlight desired firmware (*.ibf file) and start firmware download via

Download button.

6. Firmware download runs automatically and all required firmware compo-

nents are loaded to the controller.

7.  After firmware download has been completed, close "Firmware manage-

ment" window.
8. Restart the controller.

9.6 Replacing the controller

9.6.1 Overview
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A controller of the IndraDrive range consists of the components power sec-
tion, control section and programming module / control panel (incl. firmware).
The control section can be configured with additional components (e.g., op-
tional safety technology module). The control section and power section are
firmly connected to each other. Only Rexroth service engineers or especially
trained users are allowed to replace individual components. The paragraphs

below describe how to replace the complete drive controller.

= The controller has to be replaced by a device of identical type.
This is the only way to ensure that the originally configured func-

tions can be used in unchanged form.

When using devices with integrated safety technology, make sure
by organizational measures that only an authorized person repla-
ces the device, e.g., by a lockable control cabinet. Also make
sure that the device replacement is not carried out for several ax-

es at a time to avoid accidentally interchanging the axes.

Q A device intended for replacement that has already been in oper-

ation (thus is not in the factory-new condition as supplied), has to
be brought to the condition as supplied again ["load defaults pro-

cedure (factory settings)", command C0750] before it is used.

The figure below illustrates the basically required individual steps.
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1. Replace controller and
programming module

A/
[2. Put controller and machine into J

ready-for-operation state

DC000173v01.th11

Fig. 9-28: Sequence of drive controller replacement

I

"IndraDrive Service Tool (IDST)" allows the controller system to
be accessed, e.g. for remote diagnostics. Besides, authorized
users can handle different service cases with IDST, such as re-
placing drive components, loading parameters or updating/
upgrading the firmware.

Further information on "IndraDrive Service Tool (IDST)" is descri-
bed in the separate documentation "Rexroth IndraDrive Service
Tools IMST/IDST" (DOK-IM*MLD-IMSTIDSTV13-RE**-EN-P;
mat. no. R911342652).

9.6.2 How to proceed when replacing drive controllers

Replacing the drive controller and
the programming module

1.
2.
3.

Open the main switch
Make sure the main switch cannot be switched on again.
Make sure drive controller is de-energized.

WARNING! Lethal electric shock from live parts with more than 50 V!
Before working on live parts: De-energize system and secure power
switch against unintentional or unauthorized reconnection. Wait at least
30 minutes after switching off the supply voltages to allow discharging.
Make sure voltage has fallen below 50 V before touching live parts!

Separate connection lines from controller.
Dismount drive controller from control cabinet.
Dismount programming module / control panel

e  With IndraDrive C/M/Cs: Pull off programming module / control
panel from defective device.

e  With IndraDrive Mi: Remove programming module (X107) from de-
fective device, note down positions of address selector switches
S4 and S5 (address selector switches below connections X103.1
and X103.2).

Mount programming module / control panel

e  With IndraDrive C/M/Cs: Plug programming module / control panel
of defective device onto new controller.

° With IndraDrive Mi:

1. Set the address selector switches in the same way as for the
defective device.

2. Dismount cover above slot X107.

3. Plug programming module of defective device onto replace-
ment device.

4. Mount cover above slot X107.
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Putting drive controller and ma-
chine into ready-for-operation
state

Bosch Rexroth AG R911385754 _Edition 02

NOTE: Damage to the programming module caused by pene-
trating dirt or moisture. When mounting the cover of X107,
make sure that the sealing ring is undamaged and is seated
correctly.

Mount new controller.

The controller has to be replaced by a device of identical type.
This is the only way to ensure that the originally configured func-
tions can be used in unchanged form.

Connect device according to machine circuit diagram
Restore control voltage.

Put machine into ready-for-operation state again according to the ma-
chine manufacturer's instructions.

Activate safety technology (only with active Safe Motion with
S3/S4 option)

With single-axis devices, the following message appears on the display
of the control panel during the booting process:

"Load new Safety?"

With double-axis devices, the following message appears on the display
of the control panel during the booting process:

".1 Load new Safety?" for Axis 1 or ".2 Load new Safety?" for Axis 2

Pressing the "Enter" key at the control panel acknowledges the mes-
sage. The safety technology parameters are now loaded from the con-
trol panel to memory of the optional safety technology module.

IndraDrive Mi does not feature a control panel. This is why the pa-
rameter image of safety technology has to be activated by execut-
ing the command "P-0-3231.0.3, C8300 SMO: Command Activate
parameter image", e.g., using IndraDrive Service Tool (IDST).

The error "F8330, SMO: Configuration data record has not been
activated" generated during boot-up signals that the active image
identifier on the programming module does not comply with the
image identifier that was stored on the safety technology hard-
ware. After the command C8300 has been successfully executed,
the error has to be cleared using the "clear error" command
(C0500). The command execution is described in the Functional
Description of the firmware, see chapter "Command processing".

Check controller functions.

Check safety technology parameters (only with active Safe Motion with
S3/S4 option)

Completing the process, it is necessary to check, with activated safety
technology, whether the correct safety technology parameters have
been loaded for the drive.

The replacement of the device has to be recorded in the machine log-
book. For this purpose, the data of the following safety technology pa-
rameters have to be accordingly documented and checked for correct-
ness (these data can be queried via the control panel in the "SMO Info"
menu. For IndraDrive Mi, the data have to be read, e.g. by means of the
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IndraDrive Service Tool (IDST), because IndraDrive Mi does not feature
a control panel):

P-0-3230, SMO: Password level
P-0-3235.0.1, SMO: Active axis identifier
P-0-3234.0.1, SMO: Configuration checksum

P-0-3234.0.2, SMO: Operating hours at last change of
configuration

P-0-3234.0.3, SMO: Configuration change counter
P-0-3234.0.4, SMO: Parameterization checksum

P-0-3234.0.5, SMO: Operating hours at last change of
parameterization

P-0-3234.0.6, SMO: Parameterization change counter

9.6.3 Possible problems during controller replacement

Display defective or programming  If the programming module / the display is defective, the parameter values
module defective  gaved after initial commissioning have to be loaded.

NOTICE The parameter values saved after initial com-

missioning are not generally suited for rees-
tablishing the operatability of the drive after a
device has been replaced!

Check actual position values and active target position before setting drive

enable!

When firmware and controller parameters are to be transmitted to the re-
placement controller, the required firmware and a parameter backup of the
respective controller must be available.

1. Reestablish the control voltage supply of the controller.

2. Carry out firmware update, see also chapter "Firmware replacement”

3. Via the "IndraWorks" commissioning tool or the control master, load pa-
rameter file to controller:

"IndraWorks" commissioning tool

Load parameter values saved after initial commissioning to control-
ler.

"IDST" service tool

Load parameter values saved after initial commissioning to control-
ler.

Control master

Load controller-specific parameter values saved after initial com-
missioning [according to list parameters "S-0-0192, IDN-list of all
backup operation data" and "P-0-0195, IDN list of retain data
(replacement of devices)"].

IS

With active Safe Motion, initial or serial commissioning of the
drive controller is required after the programming module has
been replaced!
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9.7 Enabling functional packages
9.7.1 Brief description

Features

Parameters involved

Diagnostic messages involved

The user can scale the scope of functionality of the IndraDrive firmware. This
allows the scope of firmware functions to be adjusted to the respective re-
quirements and, if necessary, reduced in its complexity.

The functionality is scaled by licensing (enabling) optional expansion pack-
ages that are available in addition to the standard base package of the re-
spective IndraDrive firmware.

See also "Overview of functions/functional packages"

®  Activated functional packages displayed in parameter "P-0-2004, Active
functional packages"

e Firmware type designation in parameter "S-0-0030, Manufacturer
version" dynamically adjusted to the active functional packages dis-
played in P-0-2004

®  Functional packages activated/deactivated via parameter

®  count of operating hours counter is stored upon the last change of ac-
cess enable

e  S-0-0030, Manufacturer version

e  S-0-1350, C6400 Reboot command

e  P-0-2002, Oper. hours of contr. sect. at change of functional packages

° P-0-2003, Selection of functional packages

e  P-0-2004, Active functional packages

®  (C0202 Parameter limit error (->S-0-0423)
® (0299 Configuration changed. Restart

9.7.2 Functional description
Changing the active functional package selection
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The functionality of the firmware is divided into several functional packages.
By enabling certain packages, it can be adjusted to the requirements of the
respective application.

Basically, there are the following options for subsequently scaling the func-

tionality:

® Reducing the already licensed scope of functions in order to reduce the
complexity of the firmware

e  Expanding the scope of functions originally ordered (additional licens-
ing)

= Non-licensed functional packages cannot be used. Enabling func-

tional packages which are not part of the originally ordered scope
of functions requires additional licensing that is not free of charge!
If a non-licensed function is used, any guarantee on the part of
Rexroth will expire.

If access enable for functional packages is changed, the count of
the operating hours counter is stored in parameter P-0-2002. The
Rexroth staff can therefore provide evidence of non-licensed
functions that have been enabled.
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Parameter P-0-2003 is available to select the functional packages. Parameter
P-0-2004 is used to display the activated packages. The following assign-
ment applies:

Bit number

31 30 29 28 27 26 25 24 23 22 21 20,619 18 17 16,15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0‘0‘0‘0 0‘0’0‘10’0‘1’0 0’0’0‘0 0’0’1‘0

o’o’o‘o o‘o‘o‘o
— v 7
reserved, Mains function IndraMotion reserved, Base package
set bits to 0 (MSE) MLD (ML) set bits to 0
1 ‘ 0 o ‘ 0 ’ 1 ’ 1
— v —V—
IndraMotion MLD
ccl:;’nCv/eDrgr Advanced (MA)
(DCE) ’ ‘
o|1]|0 |0
——
Technology function
DF001064v01.des
Fig. 9-29: Selecting the functional packages via parameter P-0-2003
Bit No. Name of package
(Bit = 1: package has been selected)
1t00 10: Base package
All other bit combinations are reserved
7t02 Reserved, set bits to 0
11t08 0010: Additional package "IndraMotion MLD" (ML)
0011: Additional package "IndraMotion MLD Advanced" (MA)
0100: Additional package "Technology function" (TF)
All other bit combinations are reserved
13to 12 01: Additional package "Mains function" (MSE)
10: Additional package "DC/DC converter" (DCE)
All other bit combinations are reserved
31to 14 Reserved, set bits to 0
Tab. 9-7: Selecting the functional packages via parameter P-0-2003

The figure below illustrates the interaction of the parameters involved in the
enabling of functional packages.

------------------- P-0-2003: selection for enabled

functional packages

booting the drive firmware:
— The information is transferred
from P-0-2003.

Djj ------------------- Djj] P-0-2004: active enabled

functional packages

DC000042v01_en.th

Fig. 9-30: Interaction of parameters for functional package selection
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The table below shows the presently possible combinations for input in pa-
rameter "P-0-2003, Selection of functional packages". Whether the respective
combination can be used, depends on the available hardware design.

Functional package selection Genifnll Gl
P-0-2003
Base package without expansion packages 0x0000 0002
Base package with IndraMotion MLD (ML)) 0x0000 0202
Base package with IndraMotion MLD Advanced (MA) 0x0000 0302
Base package with Technology function (TF) 0x0000 0402
Base package with Mains function (MSE) 0x0000 1002
Base package with DC/DC converter (DCE) 0x0000 2002

Base package with IndraMotion MLD (ML) and Mains function

(MSE) 0x0000 1202

Base package with IndraMotion MLD Advanced (MA) and

Mains function (MSE) 0x0000 1302

Base package with Technology function (TF) and Mains func- 0x0000 1402

tion (MSE)

Base package with IndraMotion MLD (ML) and DC/DC convert- 0x0000 2202

er (DCE)

Base package with IndraMotion MLD Advanced (MA) and

DC/DC converter (DCE) 0x0000 2302

Base package with Technology function (TF) and DC/DC con- 0x0000 2402

verter (DCE)

Tab. 9-8: Possible combinations of functional packages of the PSB-21 firm-

ware.

= Changes in parameter "P-0-2003, Selection of functional
packages" will only be applied after the device has been reboo-
ted.

Reducing the active functional packages

The user can at any time reduce the scope of functions of the firmware by
deactivating individual functional packages. For this purpose, the bits as-
signed to the functional packages that are not required are reset in parameter
"P-0-2003, Selection of functional packages".

Subsequent expansion (additional licensing)
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The required functions are normally licensed by ordering the IndraDrive firm-
ware. At delivery, the licensed functions are specified as the firmware type on
the type plate of the control section and in addition internally registered by
Rexroth.

In individual cases, it is possible make an additional licensing, if other func-
tions than the ones contained in the ordered and paid functionality are re-
quired. The procedure is described in the following section "Notes on com-
missioning".



IndraDrive Power Supply Basic PSB-21 Functions 235/305

Handling, diagnostic and service functions

9.7.3 Notes on commissioning

Condition as supplied

Reducing the functionality

When a device is delivered, the licensed functional packages have been ena-
bled. The firmware type printed on the firmware type plate has to comply with
the content of parameter "S-0-0030, Manufacturer version".

= The content of parameter S-0-0030 can be read via the standard
control panel (see "chapter 9.4 "Control panel" on page 203").

The functionality is scaled by selecting functional packages through an entry
in parameter "P-0-2003, Selection of functional packages".

The scaling can be changed by directly writing the parameter via the master
communication or using the corresponding dialog in the "IndraWorks" com-
missioning tool.

The time of change is recorded by an entry in "P-0-2002, Oper. hours of
contr. sect. at change of functional packages". Any change in parameter
P-0-2003 will only take effect after the booting process was repeated. The ac-
tive functional packages will then be displayed in parameter "P-0-2004,
Active functional packages".

Additional licensing (expanding the functionality)

How to proceed for additional li-
censing

If the firmware originally ordered and delivered does not contain all required
functions, it is possible to subsequently enable further functional packages.
This requires additional licensing that is not free of charge.

15 For test purposes, it is possible to enable non-licensed functional
packages via parameter P-0-2003 for a limited time (2 weeks at
most).

If a non-licensed functional package is used permanently, any
guarantee on the part of Rexroth will expire!

For additional licensing proceed as follows:

1. Enable desired functional packages in parameter P-0-2003

2. Reboot device and check content of P-0-2004 (content has to comply
with that of P-0-2003!)

3. Read firmware type from parameter "S-0-0030, Manufacturer version"
and write it down. This parameter displays current firmware configura-
tion defined via P-0-2003.

4. Read serial number of control section from "P-0-1511, Circuit board
code control section" (list element 3) and write it down

5. Send purchase order to Rexroth indicating serial number (from
P-0-1511) and desired firmware configuration (from S-0-0030)

6. Receive adjusted firmware type plate from Rexroth to stick it on type
plate of control section so that content of S-0-0030 complies with firm-
ware designation on type plate

If no functional package has been previously enabled by the customer, the
additional licensing can start with step 4. In step 5, the desired new firmware
configuration then cannot be read from parameter S-0-0030, but has to be
taken from the overview of firmware types (see chapter 9.7 "Enabling func-
tional packages" on page 232).
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Scope of supply

= For handling the purchase order, please contact your Rexroth
sales representative!

The scope of supply consists of
e  ordered new firmware type as FWA file incl. parameter file as a file and
e  adjusted firmware type plate (to stick on).

9.7.4 Verifying the enabled functional packages

When the transition command "C0200 Exit parameterization level procedure
command" is executed, a check is run to find out whether the value entered
in parameter "P-0-2003, Selection of functional packages" corresponds to
valid enabled packages. If not, the diagnostic command message C0202 is
generated and the parameter IDN "P-0-2003, Selection of functional
packages" is entered in the list parameter "S-0-0423, IDN-list of invalid data
for parameterization levels".

If the enabled functional packages have been changed, the device has to be
rebooted so that the change becomes active and is applied to parameter
P-0-2004. When the transition command "C0200 Exit parameterization level
procedure command" is executed, a check is run to find out whether the val-
ue entered in parameter P-0-2003 corresponds to the value in parameter
P-0-2004. If there is a difference, the diagnostic command message "C0299
Configuration changed. Restart" is output.

9.8 Extended diagnostic functions

9.8.1 Patch function

Brief description

Parameters involved
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The patch function can be used for reading and writing any storage location
(or internal variable) as a data object via the master communication, the ana-
log output or the oscilloscope function.

In conjunction with the analog output or the oscilloscope function, this func-
tionality can be used for locating errors.

The PLC patch function is used by development staff and instructed users to
diagnose internal signal states and internal data of the PLC.

= When using the patch display in the oscilloscope, consider that
the patch address is assigned first and then the oscilloscope sig-
nal. This has to be repeated after every change in the patch ad-
dress.

= Since it is a function for exclusive use by the development staff,
the patch display parameters P-0-0485 and P-0-0491 write-pro-
tected with the master password.

The configuration parameters of the patch function are not saved
in the flash, but are lost when the drive is switched off.

General patch function:

° P-0-0480, Patch function 1, source pointer
P-0-0481, Patch function 1, attribute
P-0-0482, Patch function 1, bit mask
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e  P-0-0483, Patch function 1, exponent

e  P-0-0485, Patch function 1, display

° P-0-0486, Patch function 2, source pointer
e  P-0-0487, Patch function 2, attribute

e  P-0-0488, Patch function 2, bit mask

e  P-0-0489, Patch function 2, exponent

e  P-0-0491, Patch function 2, display

Functional description of general patch function
Read access (displaying internal storage locations/signals)

The patch function allows any storage location to be transformed into a data
object that can be read via the master communication. A memory location is
specified by parameters "P-0-0480, Patch function 1, source pointer" and
"P-0-0486, Patch function 2, source pointer". The access to this address is
configured via bits 0 to 2 of parameters "P-0-0481, Patch function 1, attribute"
and "P-0-0487, Patch function 2, attribute". INT4 reads a 4-byte integer value
starting from the source pointer, INT2/INT1 read 2 bytes or 1 byte according-
ly. FLOATS8 reads an 8-byte floating-point value (DOUBLE), FLOAT4 reads
4 bytes accordingly (FLOAT).

Due to the processor architecture, the possible memory access is subject to
certain restrictions. A 4-byte access, for example, is only allowed for storage
locations the address of which can be divided by 4. The table below contains
a complete overview of the allowed and prohibited memory accesses.

= If the access mode is to be changed via bits 0 to 2 of the patch
attribute parameters (P-0-0481/P-0-0487), this is only possible if
the patch source pointer that has just been set (P-0-0480/
P-0-0486) allows the new access mode (see table).

Possible access to source addresses that ...
... can be divided by 2, | ... do not have any
... can be divided by 4 | but not by 4 (WORD- | particular alignment
Access as... (DWORD-aligned) aligned) (BYTE-aligned)
INT4 = - -
INT2 u u -
INT1 L] n =
FLOATS8 u - -
FLOAT4 ] - -
= Access allowed
- Access prohibited
Tab. 9-9: Possible access modes of the patch function

The desired display format is set via bits 4 to 7 of the patch attribute
(P-0-0481/P-0-0487).This allows the value read to be interpreted as a signed
or unsigned decimal number, as a hexadecimal number or as a binary num-
ber. When selecting "BOOL" as display type, "1" is output when a value un-
equal zero was read, otherwise "0" is displayed.

If a storage location is read as integer and output in a non-float format, the
value read is ANDed with the bit mask set via the patch bit mask parameters
(P-0-0482/P-0-0488). By default, the mast is set to "OxFFFFFFFF" so that the
read value is not changed.
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When a storage location is read as a float value and a non-float format is se-
lected for display, the value read is multiplied with 10-6xPonent. This allows an
adjustment to be made to the displayed value range (-2147483648 to
2147483647, value range of a "signed int"). The exponent can be set via the
parameters"P-0-0483, Patch function 1, exponent" or "P-0-0489, Patch
function 2, exponent".

= If the value read and scaled with the exponent is outside the pos-
sible range of display, one of the extreme values is displayed. In
this case, it is necessary to select a different exponent.

Write access (changing internal storage locations/signals)

In analogy to read access, it is possible to write any storage location. A bit
mask possibly set (P-0-0482/P-0-0488) is taken into account (ANDed) as is a
preset patch exponent (P-0-0483/P-0-0489).

= Please note that in the "BOOL" display mode, it is not possible to
write the storage location, as it is not possible to assign an un-
equivocal numerical value to the value "TRUE" (displayed as "1").
Each value unqual to zero is interpreted as "TRUE".

NOTICE Write access in INT1 mode to even address-

es can result in an undefined behavior of the
hardware.

As in the case of read access, odd addresses in the case of write access are
only allowed in the INT1 mode. In contrast to read access, the write access is
directly carried out as a byte access. Therefore, avoid activating addresses
outside the DRAM in this way, because this can lead to undefined hardware
behavior.

9.9 Oscilloscope function
9.9.1 Brief description

Features
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The oscilloscope function can be used to record drive-internal and external
status variables (parameter contents). This function can be effectively used
both for initial commissioning and debugging. Its functionality can be com-
pared to that of a 4-channel oscilloscope.

The total scope of the oscilloscope function is divided into the following func-
tion blocks:

®  Measured value recording

It is possible to record 8 channels at the same time, the signals being
selected by configuring signal selection lists (IDN lists).

e  Configuration (basic settings)

The control/status block determines the basic functions (start/stop, time
resolution, size of memory, operation mode). The current state (state di-
agram) of the oscilloscope is continuously transmitted to the master.

e  Trigger function

Besides extensive trigger functions, the drive provides the possibility of
triggering at different signals and events in the drive.

The oscilloscope function is characterized by the following features:
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Measured value recording

Up to 8 channels with up to 8192 measured values each (the total
should not exceed 32,768 measured values)

User-defined time resolution in steps of the position controller clock
(see "Performance data")

Signal selection by indicating the IDN of the respective parameter

Data of the SMO option Sx (S3, S4, S5, SB and SD) can at maxi-
mum be updated and recorded in the cycle time of the SMO appli-
cation cycle (t = 1 ms)

Configuration (basic settings)

Multi-channel display in "IndraWorks Ds/D/MLD"

More than 100 different measuring and trigger signals (cf.
P-0-0149)

Up to 4 PLC variables can be recorded using PLC patch variables
Expanded oscilloscope function using 2 patch functions

Expanded oscilloscope function using 2 average value filters for
display

Trigger function

Trigger signal selection by indicating the parameter IDN
Internal trigger or external trigger

External trigger with trigger offset determination for synchronizing
multiple-axis measurements

Unit of trigger level adjusting to trigger signal selection

Possibility of triggering at internal memory contents with patch sig-
nal

Possibility of triggering at PLC variable with patch signal

Time stamp for trigger time is mapped to parameter "P-0-0035.0.1,
Oscilloscope: Trigger time".

Trend mode

It is possible to switch from a single measurement (Single Shot) to a
continuous measurement (trend mode).

Recording of up to 4 channels in a cyclic mode
Signal selection via the previous parameters
Values are administrated in a buffer memory and cyclically called

IndraWorks can read this buffer memory and display it continuous-
ly

Time resolution can only be set and signals can only be selected if
the trend mode has been switched off

Allowed time resolutions have to be multiples of 2 ms
Single Shot mode cannot be used in parallel

P-0-0020, Oscilloscope: Operation mode

P-0-0136, Oscilloscope: Manual trigger signal

P-0-0279, Oscilloscope: Trend mode, time resolution
P-0-0280, Oscilloscope: Trend mode, list of measured values
Control/status:
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P-0-0028, Oscilloscope:
P-0-0029, Oscilloscope:
P-0-0031, Oscilloscope:
P-0-0032, Oscilloscope:
P-0-0149, Oscilloscope:
P-0-0150, Oscilloscope:
P-0-0269, Oscilloscope:

Measuring channels:

P-0-0021, Oscilloscope:
P-0-0022, Oscilloscope:
P-0-0023, Oscilloscope:
P-0-0024, Oscilloscope:
P-0-0145, Oscilloscope:
P-0-0146, Oscilloscope:
P-0-0147, Oscilloscope:
P-0-0148, Oscilloscope:
P-0-0274, Oscilloscope:
P-0-0275, Oscilloscope:
P-0-0270, Oscilloscope:
P-0-0271, Oscilloscope:
P-0-0276, Oscilloscope:
P-0-0277, Oscilloscope:
P-0-0272, Oscilloscope:
P-0-0273, Oscilloscope:

Trigger function:

P-0-0025, Oscilloscope:
P-0-0026, Oscilloscope:
P-0-0027, Oscilloscope:
P-0-0030, Oscilloscope:
P-0-0033, Oscilloscope:
P-0-0035, Oscilloscope:
P-0-0036, Oscilloscope:
P-0-0037, Oscilloscope:

IndraDrive Power Supply Basic PSB-21 Functions

Control word

Status word

Time resolution

Size of memory

Signal selection list

Number of valid measured values
Channel number setting

List of measured values 1
List of measured values 2
Signal selection 1
Signal selection 2
List of measured values 3
List of measured values 4
Signal selection 3
Signal selection 4
List of measured values 5
List of measured values 6
Signal selection 5
Signal selection 6
List of measured values 7
List of measured values 8
Signal selection 7
Signal selection 8

Trigger mask

Trigger signal selection

Trigger level

Trigger edge

Number of measured values after trigger event
Trigger control offset

External trigger signal

Internal trigger signal
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General information on the oscilloscope function

Recording stopped
P-0-0028 bit 0: 1 - 0

v

External trigger

P-0-0028 bit 1 =1

A

Recording not active
P-0-0029 bit0=0 |«

Start of recording?
P-0-0028 bit 0: 0 — 1

Trigger error
P-0-0029 bit 7 =1

Internal trigger signal
P-0-0037 bit 0 =0

Valid trigger signal
available (P-0-0026)?

P-0-0029 bit 0 = 1
P-0-0029 bit 2,3,7=0

Recording active

Trigger comparison runs
P-0-0029 bit 1 =1

A

with offset measurement

Wait for external signal
P-0-0029 bit 2 = 1
P-0-0037 bit 0 = 1

Trigger condition
fulfilled?

Internal trigger
without offset measurement
Kind of trigger? P-0-0028 bit 1 =0

External trigger signal
available (P-0-0036)?

YES (Bit 0 = 1)

Set trigger bit
P-0-0029 bit 3 = 1

\ 4

Set trigger bits
P-0-0029 bit2,3 =1

NO
(Bit 0 = 0)

A
Delay function active
P-0-0029bit4=0 |«

Y

P-0-0037 bit 0 = 1

No. of measured

values reached NO

Delay function completed
P-0-0029 bit 4 =1
Recording completely finished
P-0-0028 bit 0 =0

A

DC000011v02_en.th

Fig. 9-31:

State diagram of oscilloscope function
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Configuring the measured value channels

Signal selection list (P-0-0149)

Example of signal selection

Bosch Rexroth AG R911385754 _Edition 02

A measured value channel is configured by inputting the IDN of the desired
parameter in the respective signal selection parameter:

e  P-0-0023, Oscilloscope: Signal selection 1
e  P-0-0024, Oscilloscope: Signal selection 2
®  P-0-0147, Oscilloscope: Signal selection 3
e  P-0-0148, Oscilloscope: Signal selection 4
®  P-0-0270, Oscilloscope: Signal selection 5
e  P-0-0271, Oscilloscope: Signal selection 6
. P-0-0272, Oscilloscope: Signal selection 7
®  P-0-0273, Oscilloscope: Signal selection 8

All IDNs contained in parameter "P-0-0149, Oscilloscope: Signal selection
list" can be entered.

P-0-0149 contains all parameters that are suitable as trigger signal
(P-0-0026) or measuring signal (P-0-0023, P-0-0024, P-0-0147, P-0-0148,
P-0-0270, P-0-0271, P-0-0272, P-0-0273). By reading P-0-0149, the master
can recognize the signals that can be recorded in the drive.

= Currently, all cyclically configurable parameters (> 100) are con-
tained in the list!

Example of the signal selection of the oscilloscope function:

®  "S-0-0051, Position feedback value of encoder 1" is selected as signal
to be recorded

®  Position feedback value of encoder 1 (S-0-0051) is written to parameter
"P-0-0023, Oscilloscope: Signal selection 1"

- If the requirements have been complied with, position feedback value of
axis 1 is recorded in the oscilloscope and transmitted to the master.

P-0-0021, List of
measured val. 1|
Actual position N

value axis 1

(L4 chamels =1

P-0-0023, Signal
selection 1

Oscilloscope
S-0-0051

|
I
I
|
I
I
Pos. feedback value 1 :
I
|
|
I
|
|

A

(S-0-0051)
Axis 1
N U
DF000111v02_en.th
Fig. 9-32: Example of signal selection
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Extended oscilloscope function (patch function)

Apart from recording parameter contents via the oscilloscope function, the
drive provides the option to record internal signals, e.g. memory addresses
(patch fucntion).

= Using the patch function is only possible with the information on
the structure of the internal data memory. Therefore, this function
can only be used effectively by the development staff of the
IndraDrive firmware.

To record internal signals (memory address contents), "P-0-0485, Patch
function 1, display" or "P-0-0491, Patch function 2, display" have to be config-
ured in one of the signal selection parameters (P-0-0023, P-0-0024,
P-0-0147, P-0-0148, P-0-0270, P-0-0271, P-0-0272, P-0-0273).

= The patch function has to be parameterized before the assign-
ment as trigger or measuring signal. Following the assignment in
the signal selection, the address is copied from the patch func-
tion. This means that an address can only be changed subse-
quently if it is re-assigned to the signal parameter.

See also "Patch function"

Activating the oscilloscope function

The oscilloscope function is activated/deactivated using the parameter
"P-0-0028, Oscilloscope: Control word".

P-0-0028, bit 0:
e Bit 0 =1 - starting a measurement
e Bit 0 = 0 - stopping a measurement

Setting bit 0 in P-0-0028 activates the oscilloscope function, i.e. the recording
of measured values of the selected signal starts. The oscilloscope function
waits for the selected trigger edge or level to occur. At detection of a valid
edge the measured values keep being written to the measured value memory
until the number of measured values defined in "P-0-0033, Oscilloscope:
Number of measured values after trigger event" has been reached (delay
function).

= With Sercos master communication, start of signal recording and
of trigger evaluation are delayed until the next feedback acquisi-
tion starting time T4 (S-0-0007 or S-0-1007).

This causes the recording data and the data in the AT telegram to
be identical and multiple drives at one Sercos bus to simultane-
ously start recording within one Sercos cycle.

= This is only possible as long as the time resolution is smaller or
equal to the Sercos cycle. If the time resolution is greater, asyn-
chronous behavior occurs in case of delay when receiving the
start signal that is smaller than the time resolution and which is a
multiple of the Sercos cycle.

After the defined number of measured values has been recorded, the "delay
function completed" bit (bit 4) is set in parameter "P-0-0029, Oscilloscope:
Status word". The recording is complete and automatically terminated. Bit O
in parameter P-0-0028 is reset and the list of measured values can be read.
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Depending on the parameterization of the size of memory, the

Q time resolution, the number of measured values after trigger
event and the point of time the trigger event occurs, the entire
measured value memory for the current measurement is not al-
ways written.

This means that there may still be old measured values in the
memory that are not valid for the current measurement!

9.9.3 Trigger function
Trigger signal selection

The drive provides extensive and flexible triggering options.

Triggering at standard signals  The trigger signal is selected in parameter "P-0-0026, Oscilloscope: Trigger
signal selection" by directly entering parameter IDNs. Only IDNs are allowed
that are contained in the list "P-0-0149, Oscilloscope: Signal selection list".

= If there is no valid trigger signal available when the oscilloscope
function is activated, bit 7 is set for "trigger error" in parameter
"P-0-0029, Oscilloscope: Status word".

"P-0-0026, Oscilloscope: Trigger signal selection" determines which signal is
to be monitored for parameterized edge change or threshold value.

Triggering at any signal  Besides the triggering of parameter contents, the drive provides the possibili-
ty of recording any internal signal, i.e. memory addresses (patch function).

= Using the patch function is only possible with the information on
the structure of the internal data memory. Therefore, this function
can only be used effectively by the development staff of the
IndraDrive firmware.

Patch function  In order to trigger to internal signals (memory address contents), configure
the parameters "P-0-0485, Patch function 1, display" or "P-0-0491, Patch
function 2, display" in P-0-0026.
It can also be triggered to a PLC variable in a symbol-based way.
See also "Patch function"

Internal or external trigger

Select the trigger type in parameter "P-0-0028, Oscilloscope: Control word".
P-0-0028, Bit 1:

e  Bit 1 =0 - Internal trigger without offset measurement

e  Bit 1 =1 - External trigger with offset measurement

Triggerevent  The trigger event is the point of time at which trigger signal (P-0-0026) and
trigger level (P-0-0027) are matching, taking the determined trigger edge into
account (P-0-0030). When the trigger event occurs, the internal trigger is re-
leased.

Internal trigger (without offset  \When "internal trigger" is selected (P-0-0028; bit 1 = 0), the external trigger
measurement)  source P-0-0036, bit 0) is not taken into account. Until the trigger event is
reached, the current state of the "signal/trigger level" comparison is displayed

in "P-0-0029, Oscilloscope: Status word".

When the trigger event has been reached, the "internal trigger event" bit is
set in parameter "P-0-0029, Oscilloscope: Status word" and recording is con-
tinued until the defined number of measured values after trigger event
(P-0-0033) has been reached. Only then is the "delay function completed" bit
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urement

Handling, diagnostic and service functions

set (P-0-0029; bit 4). Setting this bit terminates the complete recording. Inde-
pendent of the trigger source, the bit indicates the end of the recording.

When internal trigger source has been selected, the status bit "trigger func-
tion completed" (P-0-0029, bit 3) is set simultaneously with the bit for "internal
trigger event" (P-0-0029, bit 2) (see state diagram).

trigger edge negative
(P-0-0030; bit 1 set)

trigger level
(P-0-0027)

time resolution
(P-0-0031) ! |

start of recording ,
(P-0-0028, bit 0) :

recording active
(P-0-0029, bit 0)

trigger start '
(P-0-0029, bit 1)

number of valid measured
values (P-0-0150)

signal > trigger level
(P-0-0029, bit 8)

|
signal < trigger level _l !
(P-0-0029, bit 9) :

internal trigger
(P-0-0037, bit 0)

trigger function completed
(P-0-0029, bit 3)

no. of measured val. after —:\
trigger event (P-0-0033) !
delay function completed —I I—
(P-0-0029, bit 4)

end of récording T
[ control signal
\:’ status Slgnal DK000048v01_en.fth
Fig. 9-33: Internal trigger without offset measurement (P-0-0028; bit 1 = 0)
= Parameterizing P-0-0036 (external trigger signal) in "P-0-0026,

Oscilloscope: Trigger signal selection" allows the internal trigger
function to be triggered by the external trigger input.

When the kind of trigger "external trigger with offset measurement"
(P-0-0028; bit 1 = 1) has been selected, the internal and external trigger are
used for the master axis.

When "external trigger" has been selected, the behavior, until the internal
trigger event has been reached, corresponds to the behavior for the case
when trigger source "internal trigger" has been selected. Until the external
trigger signal occurs (P-0-0036; bit 0), the trigger offset between both trigger
events is determined and displayed in parameter P-0-0035. Then the "trigger
function completed" (P-0-0029; bit 3) bit is set in the status word. The rest of
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the sequence is the same as in the case of internal trigger source without off-
set measurement.

trigger edge negative
(P-0-0030; bit 1 set)

trigger level
(P-0-0027)

time resolution \
(P-0-0031) ' |

start of recording
(P-0-0028, bit 0)

recording active
(P-0-0029, bit 0)

trigger start
(P-0-0029, bit 1)

number of valid measured ‘/:_/’
values (P-0-0150) | ;
signal > trigger level I_
(P-0-0029, bit 8)
|
signal < trigger level _| !
(P-0-0029, bit 9) :

internal trigger
(P-0-0037, bit 0)

trigger control offset I
(P-0-0035) —

|
external trigger signal I_l
(P-0-0036)
|
|

trigger function completed
(P-0-0029, bit 3)

no. of measured val. after
trigger event (P-0-0033) :\

delay function completed
(P-0-0029, bit 4)

) end of recording _t>
[ control signal

[ ] status signal

DK000049v01_en.th

Fig. 9-34: External trigger with offset measurement (P-0-0028; bit 1 = 1)
Selecting the trigger edges

Trigger edge (P-0-0030) In parameter "P-0-0030, Oscilloscope: Trigger edge" it is possible to set the
edge of the trigger signal at which the internal trigger is released. The follow-
ing options are available:

e  Triggering at the positive edge

It is triggered to a transition "smaller than or equal to — greater".
e  Triggering at the negative edge

It is triggered to a transition "greater than or equal to -~ smaller".
e  Triggering at both edges

It is triggered to a transition "smaller than or equal to —» greater" and
"greater than or equal to -~ smaller".
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Setting the trigger delay

Trigger delay function

Extended trigger functions
Trigger mask (P-0-0025)

Trigger level (P-0-0027)

Handling, diagnostic and service functions

e  Triggering when trigger signal equals trigger level

= Even if both edges have been enabled, the trigger only starts if
the value is exceeded or fallen below. In case of equality, the trig-
ger is not started.

@ See description of parameter "P-0-0030, Oscilloscope: Trigger edge"

Via "P-0-0033, Oscilloscope: Number of measured values after trigger event",
it is possible to reach a trigger delay independent of the preset trigger source
(externall/internal). For this purpose, the number of measured values that is to
be recorded after the respective trigger event is set in parameter P-0-0033.

= It is also possible to record measured values before the trigger
event occurs (trigger delay function of an oscilloscope).

No data lying after the trigger event are recorded if "0" is input in
P-0-0033. The trigger event is the last value in the list of meas-
ured values. If the value of the parameter P-0-0032 is input, no
measured values lying before the trigger event are recorded. The
trigger event is the first value in the list of measured values. The
trigger event is always taken into account. In other words, if
P-0-0033 has the value "0" or "1", the trigger event is the last val-
ue in the list of measured values.

trigger“
level
|
i
trigger 4 :
status | ,
(bit 0) | |
| >
I | Y
: . 1 number of measured values :
e trigger delay =::after trigger event (P-O-OOBB)=I
| |
L size of memory (P-0-0032) L
™~ =1
DKO000195v01_en.th
Fig. 9-35: Trigger delay: Number of measured values after trigger event

With Parameter"P-0-0025, Oscilloscope: Trigger mask", it is possible to trig-
ger to certain events. For trigger signals with the "Bin" and "Hex" display for-
mats, it is possible to mask the trigger signal and the trigger level.

@ See description of parameter "P-0-0025, Oscilloscope: Trigger mask"

The trigger threshold can be selected via parameter "P-0-0027, Oscilloscope:
Trigger level". Attribute, unit etc. are adjusted to the selected trigger signal.
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9.94 Manual trigger

9.9.5 Trigger time

@ See parameter description "P-0-0027, Oscilloscope: Trigger level"

Parameter P-0-0136 has to be used as manual trigger. The parameter P is
cyclically configured and cannot be written anymore by the user. Note: De-
pending on the edge configuration, exceeding/falling below signalizes the
trigger event (not reaching of the threshold). See chapter "Selecting the trig-
ger edges" on page 246.

When the system time was not set via "P-0-0035.0.1, Oscilloscope: Trigger
time", the system time at the trigger time can be read out. This way, the op-
tion to establish the trigger point retrospectively. This can be a useful function
if monitoring is configured and the user wants to see when the trigger event
occurred. It can be displayed as additional information via IndraWorks.

The system time is specified in Sercos time format (IEC 61588). As not all
field buses support 8-byte parameters, the time is transmitted in an array with
2*32 bit. As data is usually transmitted in Little Endian, the first element con-
tains the system time (fine) and the second element contains the system time
(rough) according to parameters "S-0-1305.0.2 System fine time" and
"S-0-1305.0.3, System coarse time".

9.9.6 Parameterizing the oscilloscope function

Recording duration

Parameterizing the selection

Bosch Rexroth AG R911385754 _Edition 02

The recording duration is determined according to the following relationship:

[, = (P-0-0031) x (P-0-0032)

ta Recording duration (in us)
P-0-0031 Oscilloscope: time resolution
P-0-0032 Oscilloscope: size of memory
Fig. 9-36: Determining the recording duration

of measured values

For the oscilloscope function, it is possible to select 4 signals that are defined
by the IDNs of their respective parameters and assigned to the following pa-
rameters:

e  P-0-0023, Oscilloscope: Signal selection 1
o P-0-0024, Oscilloscope: Signal selection 2
®  P-0-0147, Oscilloscope: Signal selection 3
e  P-0-0148, Oscilloscope: Signal selection 4
®  P-0-0270, Oscilloscope: Signal selection 5
e  P-0-0271, Oscilloscope: Signal selection 6
o P-0-0272, Oscilloscope: Signal selection 7
e  P-0-0273, Oscilloscope: Signal selection 8

Only parameter ident numbers contained in list parameter "P-0-0149,
Oscilloscope: Signal selection list" are allowed.

= The selected signal (parameter IDN) defines the unit of the data
stored in the list of measured values.
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Parameterizing the trigger function

See "Trigger function" above

Parameterizing time resolution and size of memory

Size of memory of oscilloscope
function

Time resolution of oscilloscope
function

The recording range or the recording duration can be adjusted to the meas-
urement requirements via the following parameters:

®  P-0-0031, Oscilloscope: Time resolution
e  P-0-0032, Oscilloscope: Size of memory
The number of measured values is determined via "P-0-0032, Oscilloscope:

Size of memory". A maximum of 8192 measured values per channel can be
recorded.

The time distances in which measured values are recorded (sampling rate) is
recorded via "P-0-0031, Oscilloscope: Time resolution”. It is possible to select
the time resolution on the time base of the position loop clock (Ts.
G — N x TA_position; N = 1, 2, 3, 4, )

The position loop cycle time depends on the control performance. The control
performance in turn depends on the hardware design of the controller and
the setting in parameter P-0-0556.

For the possible times please see "Performance data".

9.9.7 Parameterization of number of channels

Select the number of channels in parameter "P-0-0269, Oscilloscope:
Channel number setting". Due to compatibility reasons, the minimum number
of 4 channels has to be complied with. The maximum number can be set to 8
channels. In this case, the maximum nesting depth is reduced. The sum of all
channels must not exceed 32768 measuring points. This means, the follow-
ing combinations are possible:

Number of channels Recording depth

1-4 8192

5 6553

6 5461

7 4681

8 4096

Tab. 9-10: Possible combinations of channel and nesting depth
= A change in parameter "P-0-0269, Oscilloscope: Channel number

setting" is possible at any time as long as the oscilloscope is not
switched on. Depending on the setting, the parameters for signal
selection (P-0-0270, P-0-0271, P-0-0272, P-0-0273) and the pa-
rameters for measured value lists (P-0-0274, P-0-0275, P-0-0276,
P-0-0278) are integrated in the oscilloscope function in the speci-
fied order. A change also has an impact on the maximum record-
ing depth (also see parameter "P-0-0032, Oscilloscope: Size of
memory").

Depending on the number, the respective parameters are identified for signal
selection or for the measured value list.
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9.9.8 Diagnostic and status messages
Status of the oscilloscope function

Parameter "P-0-0029, Oscilloscope: Status word" shows the current state of
the oscilloscope function.

P-0-0029 contains e.g status information about:
e  Start/end of recording

e  Trigger function

®  Status of trigger signal

e  Delay function

@ See also parameter description "P-0-0029, Oscilloscope: Status word"

Via parameter "P-0-0037, Oscilloscope: Internal trigger signal”, the master is
informed about the status of the internal trigger. This parameter can be para-
meterized as real-time status information, both in the real-time channel of the
interface and as hardware output.

Displaying the number of valid measured values

9.9.9 Trend mode

9.9.10  Trigger time

Bosch Rexroth AG R911385754 _Edition 02

After a measurement, the parameter "P-0-0150, Oscilloscope: Number of
valid measured values" displays the number of measured values in the ring
buffer. If the ring memory was filled completely with the length specified in
parameter "P-0-0032, Oscilloscope: Size of memory", the nesting depth is
displayed in this parameter.

@ See also parameter description "P-0-0150, Oscilloscope: Number of
valid measured values"

The trend mode allows for recording of up to 8 channels in a cyclic mode.
The values are administered and called cyclically in the buffer storage.
IndraWorks can read this memory and display it continuously. Since it is not
necessarily an equidistant measurement, measured values are sometimes
missing, e.g. due to a slow connection. These values are represented ac-
cordingly in the graphics.

To allow the trend mode to be used, the system time has to be activated.
This time base is used to unequivocally assign the corresponding measuring
points to a point in time.

The time resolution can only be set and signals can only be selected if the
trend mode has been switched off. Only times that are multiples of 2 ms are
allowed as time resolutions. If another value is entered, it is rounded down to
the next possible value. Signal selection via previous parameters.

The trend mode is activated by setting P-0-0020, bit 5. The mode of the "con-
ventional" oscilloscope cannot be used simultaneously. Trend recording is
then activated via P-0-0028, bit 0. The trend also signals the activity in
P-0-0029, bit 0.

Parameter "P-0-0035.0.1, " contains the current system time (see
S-0-1305.0.1) of the time at which the oscilloscope function of the drive was
triggered. The parameter contains the trigger time with a resolution of 100 ns.
The parameter is filled with the content of parameter S-0-1305.0.1, System
time when triggering the drive oscilloscope at the time of the control cycle
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start. Parameter P-0-0035.0.1 contains a 64 bit value which is structured as
list with two 4-byte elements.

Element Content
1 Trigger time (fine) (S-0-1305.0.2)
2 Trigger time (rough) (S-0-1305.0.3)
Tab. 9-11: Trigger time

Parameter "P-0-0035.0.1, Oscilloscope: Trigger time" is used for synchroni-
zation of measurements, as follows:

° If a simultaneous measurement on the PC and the drive is to be carried
out. The system time of the drive has to be synchronized with the sys-
tem time of the PC connected via IndraWorks.

® In case of simultaneous measurement on several drives. Synchroniza-
tion via a bus master.

e  Synchronization of Diagnostic Trace (event recordings via S-0-1303.0.x)
and oscilloscope recordings.
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10 Engineering/diagnostic interfaces

A WARNING Dangerous movements! Danger to life, risk of

injury, serious injury or property damage!

e Keep free and clear of the ranges of motion of machines and moving
machine parts.

®  Prevent personnel from accidentally entering the machine’s range of
motion (e.g., by using safety fences, safety guards, protective coverings,
light barriers).

e  Make sure that the drives are brought to safe standstill before accessing
or entering the danger zone.

10.1 IndraMotion Diagnostic Tool (IDST)

"IndraMotion Diagnostic Tool (IDST)" is a web-based application, facilitating
access to a control device system via an Ethernet connection.

OEMs, end users and account managers can access a drive system using
IDST, e.g. for remote diagnostics. Besides, authorized users can handle dif-
ferent service cases with IDST, such as replacing drive components, loading
parameters or updating/upgrading the firmware.

Further information on the "IndraMotion Diagnostic Tool (IDST)" is described
in the documentation ,Rexroth IndraMotion, MLD 13VRS, Service
Tool* (DOK-IM*MLD-IMSTIDSTV13-RE**-EN-P; mat. no. R911342652).

10.2 TCP/IP communication
10.2.1 Brief description

Example of Sercos master com-
munication

= The "TCP/IP Communication" section gives all necessary infor-
mation for standard Ethernet communication. In addition to
TCP/IP, communication via UDP/IP is also possible.

To prevent confusion with the "EtherNet/IP™ interface" master
communication, the designation "Ethernet communication" was
not used here. The term "IP communication" is used instead.

It is possible to communicate with an IndraDrive controller via standard
Ethernet telegrams. These Ethernet telegrams contain TCP/IP or UDP/IP
telegrams for application-side connection. For communication with the de-
vice, the CSMA/CD access method is applied. Interfaces for TCP/IP commu-
nication are suitable as connection options. This can be an inactive port of
the master communication card (e.g., Sercos or EtherNet/IP™), a separate
Engineering port (if available) or optionally an inactive port of the master
communication interface of the CCD master.

The IP communication always respects the properties of the connected inter-
face.

For Sercos, in addition to the time-controlled transmission of Sercos-type
Ethernet telegrams (MDT and AT), there is the Unified Communication Chan-
nel (UCC), with which IP telegrams are transmitted in a reserved time slot.

Therefore, for Sercos, another option for asynchronous data transmission is
available in addition to the existing service channel, that is compatible with
large data volumes due to the maximum lengths of user data of approx.
1500 bytes.
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Possible applications  |f the TCP/IP communication is used in the drive, different application options
are available that are summarized in the following table.

Connection Server application Exemplary client applications

SIP protocol | Parameter access IndraWorks Engineering

TFTP Firmware update | Carrying out a firmware update

service

HTTP Web server Displaying the IndraMotionServiceTool

FTP File server File access to the optional memory card
(only available if an optional memory card is
plugged during booting)

Tab. 10-1: Overview of the possible applications
Parameters involved = Command parameters:

S-0-1048, C6100 Command Activate IP settings

IP parameters:

Diagnostic messages involved o

S-0-1019, Master comm. engineering over IP: MAC address
S-0-1020, Master comm. engineering over IP: IP address
S-0-1021, Master comm. engineering over IP: Network mask
S-0-1022, Master comm. engineering over IP: Gateway address
P-0-1044, Master comm. engineering over IP: Status IP communication
P-0-1530, Engineering: MAC address

P-0-1531, Engineering: IP address

P-0-1532, Engineering: Network mask

P-0-1533, Engineering: Gateway address

P-0-1535, Setting of IP communication

P-0-1544, Engineering: Status IP communication

P-0-1640, CCD: MAC address

P-0-1641, CCD: IP address

P-0-1642, CCD: Network mask

P-0-1643, CCD: Gateway address

P-0-1644, CCD: Status IP communication

P-0-4089.0.10, Master communication: MAC address device
P-0-4089.0.13, Master communication: IP address
P-0-4089.0.14, Master communication: Network mask
P-0-4089.0.15, Master communication: Gateway address

C6101 Incorrect IP settings
F2190 Incorrect Ethernet configuration

10.2.2  Functional description
General information about the function

Components for TCP/IP communi-  Each device contains at least one interface that can be used for direct IP
cation  communication. This can either be a MultiEthernet master communication in-
terface, an Ethernet engineering interface (engineering port) or a Sercos

master interface (CCD master).
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Special feature of the MultiEthernet master communication interface: depend-
ing on the available hardware or the enabled master communication, this in-
terface is referred to as "Engineering over IP" or as "Engineering port".

The interface is referred to as "Engineering over IP" in the following cases:
®  Sercos

e  EtherNet/IP™

e PROFINET® RT

e  EtherCAT®

A connection cannot be established with IndraWorks in connection with
TwinCAT via the ADS interface or the EoE profile.

° Disabled master communication

= An IndraDrive drive controller device HCQ is only equipped with
one Sercos master communication interface.

In case of an IndraDrive Cs Economy device, Sercos or Ether-
CAT® can be available as master communication.

The interface is referred to as "Engineering port" in the following cases:

e PROFIBUS DP

e  CANopen

An additional interface option is required for the two master communications
and the X24/X25 interfaces must exclusively be used as Engineering ports.

In order to facilitate IP communication via an interface, at least the IP address
and the network mask have to be configured for the interface.

For communication beyond the IP network, a gateway address can addition-
ally be set.

This information is set for the device for each interface using individual, inde-
pendent parameters.

Interface IP address Network mask Gateway address
Engineering over IP S-0-1020 S-0-1021 S-0-1022
Engineering port P-0-1531 P-0-1532 P-0-1533
CCD master P-0-1641 P-0-1642 P-0-1643
Tab. 10-2: Parameters for setting the IP configuration

Changes become active upon a drive restart or by enabling the drive com-
mand "C6100 Command Activate IP settings" .

= If there are several interfaces available for IP communication, se-
lect different IP networks.

In this case, the device is the IP router.

All IP addresses of IndraDrive automatically become active. Even in case of
conflicts with other devices in the network, the drive is assigned its IP ad-
dress. This behavior can be changed to a behavior compliant with standard
RFC5227. Initially, IndraDrive verifies if the set address has already been as-
signed within the networks and only uses the address if it is not used by an-
other device in the network.
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This behavior is controlled via parameter "P-0-1535, Setting of IP
communication"”.

ISy

In case of an address conflict, the address specified in the drive is
not activated. This means, the drive might not respond in the net-
work. The address has to be corrected (e.g. manually, via the dis-

play).

The IP address of a communication node always comprises of a network ad-
dress (network ID) and a host address (host ID).

Class C networks (network mask 255.255.255.0) is used as default value.
The network ID corresponds to the first three bytes of the IP address. The
host ID is the fourth byte of the IP address.

1192.168. x. y |

| B Host ID

Network 1D

DC000073v01_en.th

Fig. 10-1:

Structure of the IP address

A "private" range should always be used for the address range of the IP com-

munication
available

with the drive. The defined ranges of the following networks are

®  (Class A networks (10.x.x.x/8),

° Class
o Class

B networks (172.16.x.x/12) or
C networks (192.168.x.x/16).

It is recommended to use the private class C networks (192.168.x.x) for the
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IP address range or as default setting.
Interface IP address Network mask Gateway address
Engineering over IP 192.168.0.<Master communication ad- 255.255.255.0 192.168.0.254
dress>
Engineering port 192.168.1.<Master communication ad- 255.255.255.0 192.168.1.254
dress>
CCD master 192.168.0.254 255.255.255.0 No default value
Tab. 10-3: Default values of IP configuration
= By way of "load basic parameters (factory settings)", the default

values of the IP configuration are restored (see table).

The configuration of the IP communication can be retained by se-
lecting this option under "Load basic parameters".

With the option "without engineering interface", the settings for
the Engineering port remain unchanged. With the option "without
master communication parameters"”, the settings for "Engineering
over IP" are not changed.
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Automatic settings

IP configuration of master commu-
nication interface

IP configuration for Sercos master
interface

IP configuration for Ethernet engi-
neering interface

Manual setting

Available IP services

Engineering/diagnostic interfaces

An automatism is used for the individual interfaces so that I[P communication
is also possible if no IP address is set by the user. This automatism is only
available in case of set class C networks.

Automatically set IP configuration for Engineering over IP:

e IP address: 192.168.0.<MC address> "

e  Network mask: 255.255.255.0

e  Gateway address: 192.168.0.254

) If the MultiEthernet master communication interface is incorporated in a de-
vice with Sercos Master interface, 192.168.2.<MC address> is used as IP ad-
dress.

Automatically set IP configuration for CCD master:

e |P address: 192.168.0.254

e  Network mask: 255.255.255.0

e  Gateway address: 0.0.0.0

Automatically set IP configuration for Engineering port

® |IP address: 192.168.1.<Master communication address>
e  Network mask: 255.255.255.0

e  Gateway address:192.168.1.254 2

2 The gateway address is only set automatically if no MultiEthernet master
communication interface is available in the device.

If it is required to use a different IP configuration, the settings can be manual-
ly adjusted. The setting can be selected separately for each interface in the
device:

e by writing the relevant parameters via an active communication connec-
tion

e  via the "Easy Menu" of the programming module in the "Ethernet" menu
item

The changed settings are applied via command "C6100 Command Activate

IP settings" or upon the device restart.

= The command C6100 is started automatically at the programming
module when leaving the menu using the ESC key.

IndraDrive Mi, IndraDrive HCQ and IndraDrive HCT do not con-
tain a programming module. Thus, manual settings using the
"Easy Menu" cannot be selected.

Different IP services are available in an IndraDrive controller, addressed via
TCP or UDP. Via these services, the device can be parameterized, the drive
firmware can be replaced, an MLD program can be loaded in the device, etc.
The following table provides an overview of the IP services used in the drive,
their IP ports and their configurability.
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Routing

10.3
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Communication Port Protocol Port configu-
rable?
IndraWorks drive programming 5002 TCP No
IndraWorks drive programming 35021 TCP/UDP No
IndraLogic MLC programming system | 1740-1743" TCP No
IndraLogic network variables 1202 UDP Yes
TFTP 69 UDP No
TFTP - other ports are dynamic 1023 ff UDP Yes
Telnet 23 TCP No
FTP2 20 and 21 TCP No
Web server 80 TCP No
ComServer 6042 TCP No
Global port list "well known ports" http://www.iana.org{)a:rzignments/port-num-

1)
2)

Tab. 10-4:

Port 1200 for MPx17
Only if an SC card is available in the device
IP port list

By default, the listed IP services are enabled in the device. If individual serv-
ices are not available anymore, they can be disabled via configuration param-
eter P-0-1535. The shutdown is only enabled by a reboot of the device.

In case of a device with more than one Ethernet interface (e.g.) IndraDrive
Advanced (MPC), the drive automatically enabled the routing function be-
tween the interfaces. This means, both networks of the device including the
connected devices can be addressed by the computer if the IP addresses at
the computer and the drive are set correctly and if the route has been set
manually.

If, e.g. a CCD link is used, it is possible to connect the computer at the Engi-
neering port of IndraDrive Advanced and to address all devices (including the
CCD slaves in the subordinate Sercos ring).

It can be set if the router is enabled or if the drive actively reserves the ad-
dress range. The possible settings are stored in parameter P-0-1535.

Open Core Interface for drives

With "Open Core Interface for drives", Bosch Rexroth provides interfaces
which allow for an easy connection of the machine automation to the higher-
level IT automation.

For different programming environments, compatible function libraries are
provided in an SDK (Software Development Kit). In these libraries, functions
for direct access to all data and functions of the drive are contained.

"Open Core Interface for drives" provides the following options:
e  Smart devices

By using the smart devices and the installed apps, new operating con-
cepts for systems can be developed.


http://www.iana.org/assignments/port-numbers
http://www.iana.org/assignments/port-numbers
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The apps allow for access to all hardware functions of the smart devices
such as the camera or the acceleration sensors. So they offer the entire
control comfort of smart devices for the commissioning, operation and
generation of diagnostic messages of IndraDrive and HydraulicDrive de-
vices.

Open Core Interface for drives currently supports the Android, iOS and
Windows Phone operating systems.

=
=

Dpen Core leberface

P =

Fig. 10-2: Commissioning, operating and generating diagnostics of
IndraDrive and HydraulicDrive devices via smart devices

° IT automation

Open Core Interface in the IT automation domain refers to the use of
PC-based solutions in the automation environment of a production ma-
chine.
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For fast data exchange, connections to Windows and Linux-based de-
velopment environments are provided in which high-level languages
such as Java, C, C++ and C# are used for programming.

e  Rapid Control Prototyping

Open Core Interface provides all options for Rapid Control Prototyping,
a design method for the closed-loop and open-loop control develop-
ment. It is used for the early development of processes without a real
machine and thus considerably contributes to cost-optimized and risk-
minimized development. Rapid Control Prototyping is supported by
LabVIEW, Simulink™, MATLAB®.

Information and support regarding "Open Core Interface" is avail-
Q able in the forum. Here, you can also ask members and the
Bosch Rexroth experts.

10.3.1  Target platforms

With "eal_sdk" ("Easy Automation Library" "Software Development Kit"),
Bosch Rexroth provides programming interfaces for the following target plat-
forms:

e  PC with Windows/PC-based control with LabVIEW

e  PC with Linux as operating system

® (Mac OS upon request)

®  Smart device with Android, iOS or Windows phone as operating system
® Linux-based controller (e.g., BeagleBone Black®, Raspberry pi®,...)

10.3.2  Supported devices

With "eal_sdk" you can create applications for configuring and controlling
Bosch Rexroth drive controllers and frequency converters. Devices support-
ing the "Sercos Internet Protocol" (S/IP) (devices with Multi-Ethernet inter-
face) are supported:

° Electric drive controllers of the IndraDrive Cs, IndraDrive C, IndraDrive
M, IndraDrive Mi, IndraDrive ML ranges [with all control sections availa-
ble in the product range (ECONOMY, BASIC and ADVANCED, single-
and double-axis devices)]

e  Hydraulic drive controllers "Integrated Axis Controller (IAC)", "Hydraulic
Motion Control (HMC)"

®  Frequency converters of EFC x610 type

10.3.3  Application options
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One or several drives can be configured and controlled in star or line topolo-
gy using the master communication interface, the Sercos master interface or
the Engineering port.

With "Open Core Interface for drives", the following applications can be used:

e  "Open Core Interface for drives" can replace a conventional control unit.
Both the master communication and the commanding of the drive con-
troller are performed by "Open Core Interface for drives".

ﬂgp The master communication has to be disabled for this use case.

®  "Open Core Interface for drives" can be used in parallel with an active
master communication (Sercos, PROFINET, EtherCAT with EoE,


https://www.boschrexroth.com/en/web/xc/products/engineering/opencoreengineering/engineering_network/forum/engineering_network_forum_1
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EtherNet/IP, Ethernet POWERLINK). In this case, the following applica-
tions may be implemented:

—  As HMI interface; commanding is realized via an external PLC via
the master communication protocol.

—  As commissioning tool for loading a parameter file, replacing the
drive firmware,...

—  As diagnostics and debugging interface by using the firmware os-
cilloscope.

—  As subsystem for drive-internal PLC (IndraMotion MLD).

IS

If the master communication is active, it is not possible to switch
the drive in control (AF) via the OCl interface.
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10.3.4 SDK: Requirements and installation

To use the "eal_sdk" ("Easy Automation Library" "Software Development
Kit"), please perform the following steps:

1. Make sure to use one of the following systems:

Electric drive controller with IndraDrive firmware MPx-18 (or high-
er)

Hydraulic drive controller with HydraulikDrive firmware HDx20 (or
higher)

Frequency converters of EFC x610 type
IndraMotion MLD control system in version 13VRS or higher

2. For commissioning and engineering of the drives, you need to install
IndraWorks DS/IndraWorks MLD version 13VRS or higher. Alternatively,
you can also use the "Drive tool" or "Drive tool EFC" application con-
tained in the SDK.

3. Registering for the Engineering Network

To download the "eal_sdk" SDK from the Bosch Rexroth Internet page,
you have to register for the Engineering Network:

1.
2.

Go to the internet page of Bosch Rexroth.

Register on "myRexroth". (For a description of the registration
process, please refer to the Engineering Network forum.)

Open the internet webpage for "Open Core Engineering"

After the registration is completed, the SDK "eal_sdk" is available
in the Download area of Engineering Network.

4. Depending on the application, the device platform and operating system
and the target device, integrate the "Easy Automation Library" contained
in the SDK in your development environment.

10.3.5 SDK: Contents

The SDK "eal_sdk" is divided into different "tool boxes". Each tool box has an
individual sub directory in the SDK. The functions supported by the "tool
boxes" are basically identical. They differ with regard to the development en-
vironment and the operating system in which the development environment is
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used.

v

Each tool box does not only contain libraries, but also documenta-
tions and Application examples.

Supported functions of the tool boxes:
e  System

Establish connection to the drive controller or the frequency con-
verter

System information such as reading diagnostic data and firmware
version

Firmware upload and download

o Parameter

Read and write parameters
Read parameter name, attributes, unit and status
Stopping and executing commands


https://www.boschrexroth.com
https://www.boschrexroth.com/en/web/xc/products/engineering/opencoreengineering/engineering_network/forum/engineering_network_forum_1/-/message_boards/message/4731313
https://www.boschrexroth.com/en/xc/products/engineering/opencoreengineering/index
https://www.boschrexroth.com/en/web/xc/products/engineering/opencoreengineering/engineering_network/downloads_2/engineering_network_download_1
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e  PLC (firmware version 20 and above)

—  Start, stop and reset the PLC

— Read and write PLC status

—  Browse, read and write symbol variables
®  Motion

—  General functions (activating drive enable, bringing the drive to the
STOP state, drive-controlled homing)

—  Axis motions (preset velocity, moving to absolute position, moving
by a distance in addition to the target position, moving by a dis-
tance from the current actual position)

e  Oscilloscope
—  Configuring the oscilloscope channels
—  Configuring the oscilloscope trigger
— Reading the oscilloscope data

The SDK is continuously developed; the following chapters provide an over-
view of the "eal_sdk" SDK version 2.0

= Since the development environments and operating systems may
change, Bosch Rexroth does not assume any warranty for the
proper functioning of the SDK.
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EAL4Android

EAL4DotNet

EAL4C

EAL4Java

EAL4LabVIEW

"EAL4AnNndroid" comprises an Android library and a "Mono for Android" app
for configuring and controlling Bosch Rexroth drive controllers and frequency
converters that support the "Sercos Internet Protocol" (S/IP).

System requirements: Java™ 32/64 bit, Android Studio

The "EAL4DotNet" tool box allows functions of Bosch Rexroth drive control-
lers and frequency converters to be accessed by .NET libraries.

Supported operating systems of the target device: Windows XP/Vista/7/8, An-
droid?, i0OS", Mac OS", Linux" [: using Mono]

Supported development environment: Microsoft Visual Studio 2005 or newer,
Visual Studio with Xamarin extension, Xamarin Studio, RAD studio®

Supported programming languages: .NET (C#, VB, F#), VBA (for MS Excel,
MS Access, MS PowerPoint, MS Word), Delphi

Using the "EAL4C" tool box, the functions of "EAL4DotNet" are converted in-
to structural functions with Mono.

Supported operating systems of the target device: Windows XP/Vista/7/8, Li-
nux with mono extension

Supported development environment: Eclipse, Microsoft Visual Studio, Qf,
etc.

Supported programming languages: C/C++

The tool box "EAL4Java" includes the "EAL4C" functionality as object-orien-
ted Java classes in a package by using the native Java NDK library.
EAL4Java allows EAL functions to be called from the Java runtime environ-
ment.

= Applications using the "EAL4Java" tool box can only run on the
Java runtime environment under Windows and Linux.

Supported operating systems of the target device: Windows XP/Vista/7/8, Li-
nux

Supported development environment: Eclipse
Supported programming languages: Java

The "EAL4LabVIEW" tool box allows functions of Bosch Rexroth drive con-
trollers and frequency converters to be accessed under LabVIEW.

Supported operating systems of the target device: Windows XP/Vista/7
Supported development environment: National Instruments LabVIEW
Supported programming languages: G (LabVIEW VI language)

10.3.6  Application examples

Bosch Rexroth AG R911385754 _Edition 02

In the "Engineering Network" [Download—Apps (registration and login re-
quired)] and in the SDK, we provide different demo programs and apps.


https://www.boschrexroth.com/en/xc/products/engineering/opencoreengineering/engineering_network/downloads_2/apps/engineering_network_download_app
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For all demo programs and apps, the entire source code, the relevant project
files, information about the use case, the requirements for execution and cre-
ation are provided.

In the following chapters, some examples are provided.
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Windows application with Microsoft Visual Studio for controlling and monitoring "IndraDrive"

controllers

Bosch Rexroth AG R911385754 _Edition 02

In the Microsoft Visual Studio development environment, the Windows appli-
cation "DriveTool" is developed.

Under ..\eal4DotNET\Samples\Sample - DriveTool, the "eal_sdk"
Q SDK contains the "DriveTool" Windows application and also the
source files.

"DriveTool" allows the following functions of "IndraDrive" range drive control-
lers to be accessed:

®  Browsing available drives

e  Establish connection to a drive via the Ethernet IP address
® Reading the power status and switching on power

®  Restarting the drive

® |[nitializing the drive

o Reading the firmware type code

e  Switching between operating mode and parameter mode:
o Homing the drive

®  (Clearing drive errors

® Reading and selecting the operating mode

o Reading and writing the motor velocity, position and torque
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E) Connected - 10.164.125.46
File  Help
Drive

IP address  10.164.125.46

(=[O s

Switch to OM

Positive velocity limit
0 rad/min

Operating modes

MNegative velocity limit

Actual values |Sy5tem I Save Load | [ Initialise ] [ Clear emor ]
Actual values
& Refresh Reboot
Application type  Namel1 Fimware  FWA-INDRV=-MPB-20V04-D5-1-SMNC-MA
State FM Message ADDS0 Parameterization level 1 active [ oarelal ]
Actual position Actual velocity Actual Torque Actual Acceleration
0 Degee 0 rad/min N/s? 0 rad/s®
(J Error
Mode  Velocity cortral @ Target position reached
(O Interpolator halted
Limit values
Bipolar acceleration limit Bipolar jerk limit Negative position limit Positive position limit Bipolar torque limit
0 rad/s* rad/s? 0 Degree 500 Degree 400 MN/g?

Velocity control |Torque control | Position contral | Demo feature | Process control | Logic |

Execute Move velocity

Stop
Movement

DBO01180v01.png

Fig. 10-3:

"DriveTool"
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Microsoft Excel file as user interface

The following example shows the integration of the "Open Core Interface for
drives" in t he Microsoft office application Excel.

The Excel user interface allows the following functions to be accessed:
o Establish connection to a drive via the Ethernet IP address

®  Switch on power

e  Switching between operating mode and parameter mode:

e  Writing the motor velocity, acceleration, deceleration and jerk

@
%
?

Connected

[IP-Address of Drive | 192.168.0.1] Switch to PM
Connect Switch to OM

Disconnect Power on
Power off

Velocity 400
Acceleration 100

Deceleration 100
lerk 0

Execute Move velocity

A A A T e A NSy

Fig. 10-4: Excel user interface

Windows application with Microsoft Visual Studio for recording device signals

Bosch Rexroth AG R911385754 _Edition 02

In the Microsoft Visual Studio development environment, the Windows appli-
cation "Oscilloscope" is developed.

In the application, you can configure, for example, the signal to be recorded,
the sampling rate and the trigger to be used for commissioning, servicing and
testing drive controllers.
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IPaddress  10.164.12545 (2] [ Connect ] [ Discorrect

&G & & Measure

Resolution
Recording time:

I

]

Memoary depth

i

Time period

I
3
W

Signal trigger

Signal:
[s-0-0000.0.0 |
Cumrent signal value

Trigger value

Pretrigger:  Trigger:

R
200 00 Time axis [rm:]‘“}D 500 60

Elements Walue Y] at Cursor

Unit Description Active measurement

Status (Mode:Single Shot)
| MNone |

Fig. 10-5: Windows application "Oscilloscope”

Windows application with Microsoft Visual Studio for archiving and restoring firmware and pa-
rameter files

In the Microsoft Visual Studio development environment, the Windows appli-
cation "Download tool" is developed.

Use the "Download tool" application to archive and restore firmware and pa-
rameter files of drive control devices of the "IndraDrive" product family.

The "download tool" can be operated in console mode and in GUI mode with
graphic user interface.

R911385754 _Edition 02 Bosch Rexroth AG
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Rexroth Download tool
Bosch Group 10121
Home About i’

File Edit Project Help Restore
LEEIFX 4 YT B [rarheeo | ,
Details
Destination path  C\Users\Public\ Documents'\Demo zip

Device Firmuare Parameter Progress

2017.04.27 11:45:08

Fig. 10-6: Windows application "download tool” in GUI mode with graphic user
Interface

Bosch Rexroth AG R911385754 _Edition 02



IndraDrive Power Supply Basic PSB-21 Functions 271/305

Android app

Engineering/diagnostic interfaces

For Android, different demo apps with different functionalities are provided in
the SDK:

Travel motion
Oscilloscope function
Parameter backup
Firmware update

The demo apps are provided as APK (Android Package File).

To install the demo apps, you must permit the installation of apps not coming
from the Goggle Play Store.

1.

Open the settings on your smart phone and set the check mark at Appli-
cations > Unknown sources (for some devices under Safety » Unknown
sources).

CAUTION: The checkmark is a safety risk since apps from unknown
sources may contain viruses.

= Only install apply of reliable sources.
=By default, disable the check mark.

The easiest option to transmit an APK from a computer to your smart
phone is to use a USB cable.

Transmission via Bluetooth is also possible. To do so, you have to re-
name the *.apk file extension before the transmission (e.g., *.txt).

‘€3 Send File To Bluetooth Device Wizar =)

Welcome to Send File to Bluetooth
Device Wizard

Mame of the file at the remote device:
service. txt

Browse...

To continue, dick Mext,

< Back [ Mext = i[ Cancel ]

After the transmission, the file has to be renamed *.apk on the smart
phone.
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Hoalk " B 16:06

Rename to

Please enter file name:

service.apk

Cancel

4. Install the APK on your smart phone.

= To use "Open Core Interface for drives" on the smart phone, you
must in any case install the "service.apk” APK for each applica-
tion APK. "service.apk" is contained in the SDK in the "lib" subdir-
ectory of the EAL4Android directory.

After the installation of "service.apk”, find the app under Set-
tings » Applications as "EAL service".
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Travel motion by entering command values

In the "demo app" (demoapp.apk), the travel motions are performed by enter-
ing command values (MOVE VELOCITY/MOVE FREQUENCY). Further-
more, limit values can be specified.

Here, the "demo app" (demoapp.apk) with the steps "Establishing connection
to the drive controller" and "Calling the entry mask for velocity parameters™:

Demo App

) BOSCH

nter peve e INVeNted for life
192.168.0.20

-

Demo App

EAL

Vel Movement Settings
DISCONNECT

Aves

@rover  @Emor

Condition

SET VELOCITY LIMIT ¥ SET FREQUENCY LIMIT

MOVE VELOCITY B MOVE FREQUENCY

<W

Fig. 10-7: "Establishing connection to the drive controller” and "Calling the en-
try mask for velocity parameters" in the "demo app”
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Travel motion by rotary and tilting motion of the smart phone

To perform a travel motion of the drive, it is also possible to use the accelera-
tion and position sensors of the smart phone. The figure below shows an app
in which the drive is moved by rotary and tilting motions of the smart phone:

- R 0% o BI1274

Tilting Motion Sample

EAL Accelerometer Demo

X - Axis Y - Axis Z- Axis
-68.42 38.2 75.73

m CLEAR ERROR POWER OFF
SWITCH TD PM SWITCH TO OM

STOP
ACCELEROMETER

To use the feature set the drive to AF mode

i wa.Dy Dipaaing Loucilionme. o o

Position Control

Tilt Left Slowly to move motor Anti-Clock
Wise and Tilt Right Slowly to move motor
Clock Wise

Velocity Control

Tilt Up Slowly to increase the Vielocity and Tilt
Down Slowly to decrease the Velocity

< O O

Fig. 10-8: Demo app: Travel motions by rotary and tilting motion of the smart
phone
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S/IP facilitates easy access to drive parameters.

Typical fields of application are:

Communication with the drive for Engineering via IndraWorks

Replacing cyclic bus communication to control simple axis applications
without real-time requirements, e.g. in positioning block mode or with
drive-controlled positioning

TCP/IP-based protocol

The protocol focuses on the exchange of data and requires minimum
administration overhead.

User-defined busy timeout (time until the drive sends a defined re-
sponse)

User-defined lease timeout (time as of which the connection is enabled
again if no new requests are made)

Proprietary service for reading all parameter information in a request
Up to 2 connections are possible simultaneously.

In connection with CCD (refer to 10.2), it is possible to exchange data
with the CCD slaves via an S/IP gateway in the CCD master as soon as
the S/IP client cannot directly communicate with the CCD slaves and the
CCD link is at least in phase 2. (Addressing of CCD master and specify-
ing the slave index).

The S/IP gateway can be used if a TCP/IP communication is es-
tablished between the CCD master and the CCD slaves. If this is
not possible, the considerably slower SIS protocol is used by the
CCD master as an alternative to communicate with the CCD
slaves. Thus, it is recommended to automatically assign the IP
addresses in the CCD network (refer to "P-0-1800.0.1, CCD:
Configuration").

Diagnostic messages involved

The following error messages have been defined, and the drive directly re-
turns them in an individual service:

Name Value in the telegram | Significance

CONNECTION_ERROR 1 Error when establishing the connection
ABORTED 2 Process was aborted
UNKNOWN_MESSAGE_TYPE 3 Message type in the header is unknown
SERVICE_SPECIFIC 4 iﬁgi;ﬁjggﬂﬁf error, e.g. "Operation data is

Tab. 10-5:

S/IP error classes
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10.4.2  Functional description

General information

Variable definitions
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S/IP stands for Sercos Internet Protocol.

In the following, an overview over the services provided in the S/IP protocol
and the individual services is explained. Sample requests and responses are
presented in the "Notes on commissioning".

A service always contains a request and a response. The request is always
transmitted from the client, the server (drive) can respond to a request with
different responses. If the query can be processed and answered immediate-
ly, the drive directly sends the response to the request (usually: service num-
ber response = service number request + 1). If the drive is busy with another
request, a busy response (service number: 68) can also be transmitted. If the
telegram was formatted incorrectly, the service is not supported or if another
error occurred, an exception response (service number: 67) is returned.

Each telegram is composed of a static part and a service-specific part. In the
static part, a package number can be assigned to assign request and re-
sponse. The service executed by this telegram is specified.

Header Body
Transaction ID Message type Service specific
4 bytes long 4 bytes long x bytes long
DC000138v01_en.fh11
Fig. 10-9: Basic structure of an S/IP telegram

The header consists of 8 bytes:

®  Byte 1-4 result in the "TransactionID", an identification number defining
this request. This number is specified again in a response.

e Byte 5-8 define the "MessageType". The MessageType is the service
number (list of services supported by the drive, see below). As currently
only services with a length of 1 byte are used, the low byte is relevant.

In addition to the data, the services "ReadEverything-Response" and "Read-
Description-Response" send a 2-byte value that specifies which elements are
valid in the response. This value "ValidElements" are composed as follows:

Bit Description

0x01 Data status is valid

0x02 Description & DescriptionLength are valid
0x04 Attribute is valid

0x08 Unit and UnitLength are valid

0x10 Maximum value is valid

0x20 Maximum value is valid

0x40 Value and ValuelLength are valid

Tab. 10-6: Valid elements
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The "ReadEverything request”, "ReadOnlyData request", "ReadOnlyDescrip-
tion request”, "ReadDataStatus request", "WriteData request" and "WriteDa-
taBits request” services require information on which parameters the action is
to be performed.

A 4-byte value has been transmitted to the drive. The structure corresponds
to the following scheme.

S-0-0100. 0 . 0

Structure element (0 to 255)
Structure instance (0 to 255)
Parameter number
Parameter set humber (0 to 7)
Range identification (S or P)

DF000502v03_en.th

Fig. 10-10: Exemplary representation of a 4-byte IDN
Bit No. Description Value range Notes
31-24 Parameter instance/structure instance (SI) 0-255
, specified by Sercos (bit
Parameter  element/ | Sercos-defined SE 0-127 15=0
23-16 )
structure element (SE)
product-specific SE 128-255 not in use
Standard IDN SE (0-127), Sl and pa-
Sercos-specific or | (s-0-nnnn) 0 rameter number are
15 product-specific IDN (S specified via Sercos
or P) PI’OdUCt—SpeCifiC IDN 1 product_specific pa-
(P-O_nnnn) rameter
14-12 Parameter set 0-7 see also "Parameter
set switching
11-0 Parameter number 0-4095
Tab. 10-7: Structure of the 4-byte value

Supported services  The following table provides an overview of the services supported by the
drive and the relevant "MessageType" for the request and the response.

Service number
Service name
Request Response

Connect 63 64
Ping 65 66
Exception - 67
Busy - 68
ReadEverything 69 70
ReadOnlyData 71 72
ReadDescription 73 74
ReadDataStatus 87 88
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Connect

Request

Response

WriteData 83 84

WriteDataBits 85 86

Nameplate 89 90

Tab. 10-8: Supported S/IP services of IndraDrive

Structure:

Via the Connect service, the client connects to the drive. The MessageType
"63" is send. Moreover, the so-called busy timeout and lease timeout times
are suggested in this telegram.

®  Busy timeout: Specifies how much time can lapse until a response tele-
gram to a query is received.

® | ease timeout: Specifies after which time the drive automatically closes
the connection if no new queries are received.

Moreover, it is specified which protocol version is used by S/IP to the commu-
nication. The drive supports specification 1.0, consequently, transmit value
"1" in the "Version" array.

I Connect request

SIP version Busy timeout Lease timeout

4 bytes long 4 bytes long 4 bytes long

DC000139v01_en.fh11

Fig. 10-11:
The Connect response is transmitted as a response to a Connect request, if

the connection was established successfully. The service is identified with
service number "64" and provides information on the connection:

Representation of a Connect request

®  which busy timeout is actually used

e  which lease timeout is actually used

®  which protocol version is actually used

® an array of all supported requests of the drive

Byte offset

Length (BYTE)

Name Significance Example

0

4

Version used protocol version of the drive 1

4

4

BusyTimeout used busy timeout of the drive 500

8

4

LeaseTimeout used lease timeout of the drive 15.000

12

4

NumberMessageTypes | Number of services supported by the drive 12

16

NumberMessageTypes
*4

Array of 4-byte values containing the available

MessageTypes services of the drive )

Ping

Ping request

Tab. 10-9: Connect response structure

The ping request is identified via the service number "65". This request is an
empty telegram (telegram with 0 byte user data). The service can be used to:
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IndraDrive Power Supply Basic PSB-21 Functions 279/305

Ping response

Busy & Exception

Busy response

Exception response

ReadEverything
ReadEverything request
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®  maintain the connection, since the drive rejects the connection at the
end of the Lease Timeout

®  Measure the minimum time that a response from the drive requires

The ping response is send as a response to a ping request The telegram
does not contain any user data.

The "Busy" and "Exception" services are special services. These services
can be send as response to any request.

The busy response is send if the response telegram has not yet been send
once the busy timeout has lapsed. The busy response does not contain any
data. Setting the busy timeout to higher values can suppress the response.
However, higher values do not ensure that no busy response is send.

The exception response is send if a general error occurred in the communi-
cation. There are different reasons why an exception response is send.

Use the ReadEverything request to query all parameter data collectively. The
service is identified via the service number "69". The Slavelndex and the
SlaveExtension is required. The parameter to be read is transmitted.

I Read Everything request

Slave Index Slave Extension IDN

2 bytes long 2 bytes long 4 bytes long

DC000140v01_en.fh11

Fig. 10-12: lustration of a ReadEverything request

Byte offset

Length (BYTE)

Name Significance Example

Only relevant for multi-axis devices (HCQ/HCT/
CDB) or a subordinate CCD cross communica-
tion.

0..n: Local axis

Slavelndex 0
n+1..m: Remote axes
m+1..k: I/O Devices

etc., see also "P-0-4031, Overview of device
addresses”

SlaveExtension reserved - always 0 0

IDN Parameter to be read 0x30

ReadEverything response

Tab. 10-10: Structure of ReadEverything request

The ReadEverything response contains data for the "ReadEverything re-
quest" query. The service is identified via the service number "70".

The following values are transmitted:

e  Data status

e  Attribute

®  Minimum value and maximum value
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e  Maximum list length in bytes (in case of list parameters)

®  Current data length in the parameter in bytes

®  Current parameter unit length in bytes

®  Current name length in bytes

®  Parameter data in binary format

o Parameter unit as string

®  Parameter name as string

I Read Everything - Response

]

|

Data (variable bytes)
- description
- unit
- value

Data length (4 bytes)

Max list length (4 bytes)

Max value (8 bytes)

Min value (8 bytes)

Unit length (2 bytes)

Attribute (4 bytes)

Name length (2 bytes)

Data status (2 bytes)

Valid data elements (2 bytes)

DC000141v01_en.th11

Fig. 10-13: Representation of the ReadEverything response
Length I
Byte offset (BYTE) Name Significance Example

0 2 ValidElements Bit list in which valid elements are coded (1)???00'0000'0100'1

2 5 DataStatus Data status of thg parameter (valid/invalid) or 1
command status in command parameters
Length of the string which contains the name

4 2 NameLength of the parameter in the language set in|0x20
S-0-0265
The attribute of the parameter contains infor-

6 4 Attributes matlpn on decimal . places, c-jlsplay format, 0x77560000
maximum length, write protection and wheth-
er the parameter is a command parameter

10 5 UnitLength String Ie_ngth contalnlr?g the parameter unit 6
(depending on the scaling)

12 8 Min Lower input limit of this parameter -

20 8 Max Upper input limit of this parameter -
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Length N
Byte offset (BYTE) Name Significance Example
28 4 MaxListLength MaX|murT1 .Iength of !ISt parameter in bytes 8196
(only valid in case of list parameters)
32 4 DataLength Current parameter length 38
36 NameLength | Name Parameter name "Firmware version"
36 + Name- UnitLength | Unit Parameter unit "
Length
36 + Name-
Length + Uni- | DataLength |Data Parameter value "FWA-INDRV****"
tLength
Tab. 10-11: Structure of ReadEverything response
ReadOnlyData
ReadOnlyData request The data is read out via "ReadOnlyData request". The query of "ReadOnly-

ReadOnlyData response

Data" is identical to the "ReadEverything request"; service number "71" is
send in the header.

The "ReadOnlyData response” is identified via service number "72". The fol-
lowing data is transmitted:

I Read OnlyData - Response
Data (variable bytes)
Data length (4 bytes)
Attribute (4 bytes)
DC000142v01 en 11
Fig. 10-14: Hustration of the ReadOnlyData response
Byte offset (L;;.qu Name Significance Example
0 4 Attributes attribute of parameter 0x77560000
4 4 Length Data array length in bytes 2
4 Length Data Parameter data 0x1345
Tab. 10-12: Structure of ReadOnlyData response
ReadDescription

ReadDescription request

ReadDescription response

The "ReadDescription request" is used to request all information on the pa-
rameter, with the exception of the operating data per se. The query of "Read-
Description" is identical to the "ReadEverything request”, however, the serv-
ice number "73" is used here.

The "ReadDescription response” is identified via service number "74". The
following data is transmitted:
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I Read Description - Response

U

Data (variable bytes)
- description
- unit

Max list length (4 bytes)

Max value (8 bytes)

Min value (8 bytes)

Unit length (2 bytes)

Attribute (4 bytes)

Name length (2 bytes)

Valid data elements (2 bytes)

DC000143v01_en.fh11

Fig. 10-15: lustration of the ReadDescription response
Length i
Byte offset (BYTE) Name Significance Example

0 2 ValidElements Bit list in which valid elements are coded 3?(1)(1)00'0000'0100'1
Length of the string which contains the name

2 2 NameLength of the parameter in the language set in|0x20
S-0-0265
The attribute of the parameter contains infor-

4 4 Attributes matlgn on decimal . places, c'ilsplay format, 0x77560000
maximum length, write protection and wheth-
er the parameter is a command parameter

8 9 UnitLength String Igngth conta|n|r.19 the parameter unit 6
(depending on the scaling)

10 8 Min Lower input limit of this parameter -

18 8 Max Upper input limit of this parameter -

22 4 MaxListLength Maxmum .Iength of !lst parameter in bytes 8196
(only valid in case of list parameters)

26 4 DatalLength Current parameter length 38

30 NameLength | Name Parameter name "Firmware version"

30 + Name- UnitLength | Unit Parameter unit "
Length
Tab. 10-13: Structure of ReadDescription response
ReadDataStatus

ReadDataStatus request The data status can be read out directly via the "ReadDataStatus request".
The query of "ReadDataStatus" is identical to the "ReadEverything request"”;
service number "87" is used.
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WriteData

WriteData request
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The "ReadDataStatus response” is identified via service number "88". The
following data is transmitted:

Byte off- | Length

set (BYTE) Name Significance Example

Data status of the queried pa-

0 2 DataStatus
rameter

Tab. 10-14: Structure of ReadDataStatus response

The data is read out via "WriteData". Service number "83" is used.

I Write Data - Request

il

Data (variable bytes)

Data length (4 bytes)

IDN (4 bytes)

Slave extension (2 bytes)

Slave index (2 bytes)

DC000144v01_en.fh11

Fig. 10-16: lustration of the WriteData request
Byte offset Length (BYTE) |Name Significance Example

0 2 Slavelndex reserved - always 0 0

2 2 SlaveExtension reserved - always 0 0

4 4 IDN Parameter to be read 0x30

4 4 Datalength Length of transmitted data 2

8 DatalLength Data Operating data to be transmitted 0x1234
Tab. 10-15: Structure of WriteData request

WriteData response  The "WriteData response"” is identified via service number "84". No data is
transmitted.
WriteDataBits

WriteDataBits request

Use the "WriteDataBits request", individual parameter bits can be written indi-
vidually. The "WriteDataBits" query is identified via service number "85".

Any number of bits of a parameter value can be written to a query. The bits
written depend on the DataMask which forms part of the request. Thus, it is
possible to change individual bits at any position in the parameter or to write
all bits. The bits that are written have to selected at the corresponding posi-
tion in the "DataMask". If bit 7 is to be written, bit 7 has to be set to 1 in the
"DataMask".
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I Write Data Bits - Request

i

DataMask (variable bytes)

Data (variable bytes)

Data length (4 bytes)

IDN (4 bytes)

Slave extension (2 bytes)

Slave index (2 bytes)

DC000145v01_en.th11

WriteDataBits response

Nameplate

Nameplate request

Nameplate response

10.5
10.5.1

Fields of application

Overview of functions

Identifying firmware

Bosch Rexroth AG R911385754 _Edition 02

Fig. 10-17: Hustration of the WriteDataBits request
Byte offset Length (BYTE) |Name Significance Example
0 2 Slavelndex reserved - always 0 0
2 2 SlaveExtension reserved - always 0 0
4 4 IDN Parameter to be read 0x30
4 4 Datalength Length of transmitted data 2
8 Datalength Data Operating data to be transmitted 0x1234
8 + DatalLength DatalLength DataMask The bits to be updated
Tab. 10-16: Structure of WriteDataBits request

The "WriteDataBits response" is identified via service number "86". No useful
data are entered. In case of an error, an "Exception response" is returned in-
stead of a WriteData response.

In preparation
In preparation

Firmware download via TFTP server
Brief description

If a firmware download is to be carried out, a TFTP server is available for this
purpose. This makes it possible to download new firmware to the device.

A special "ReadRequest" can be used to identify firmware in the device. For
this purpose, the "firmware" string is transmitted in the "ReadRequest".

The response telegram contains a data package, the first four bytes of which
are the control section circuit board code and the following content is the
manufacturer version (cf. S-0-0030.0.0).
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Engineering/diagnostic interfaces

Firmware download The download procedure is started using a WriteRequest. To do this, the
drive has to be in PM. Here the "WriteRequest" also initiates the connection
to the TFTP server.

Then "DataRequests" is used to download the firmware to the device. The
device performs several checks:

e Can the new firmware file be used with this device (compatibility
check)?

e  Was the correct quantity of data transmitted (data integrity check)?

e Was the firmware file transferred correctly and was it valid (validity
check)?

Error diagnostics  Any possible error that occurs during this procedure is returned via the Error-
Frame in the TFTP. The error text is available as a plain text.

Features
The TFTP server of an IndraDrive device has the following features:
e A TFTP connection does not know any authentication
®  The following five package types are available in a TFTP connection:
—  "ReadRequest" (reading of files from server/drive starts)
—  "WriteRequest" (writing of files to server/drive starts)
—  "Data" (data are transmitted)
—  "Acknowledge" (data packages are confirmed)
—  "Error" (any type of error message)
e  Each data package has to be confirmed with "Acknowledge" before the
next data package is transmitted.
Diagnostic messages involved

Error are transmitted in plain text using "TFTP ErrorFrame" (see diagnostic
description: "Firmware Download")

10.6 File handling by FTP via Ethernet
10.6.1 Brief description

Base package of all firmware variants in open-loop and closed-
Q loop characteristic

Via an integrated FTP server, IndraDrive devices with Ethernet communica-
tion can access the data of the optional memory card by means of FTP con-
nection. This allows reading or writing data/directories on the memory card.

R911385754 _Edition 02 Bosch Rexroth AG
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Features

Hardware requirements

Parameters involved

IndraDrive
AR _ TCP/IP FTP
U—'—‘—‘—'—'—'—'—l—\—\@ - » socket [ server

DF000627v01.fh Opt. memory card l

Fig. 10-18: Schematic illustration of FTP file handling

The FTP server of an IndraDrive device has the following features:
®  Two types of login to the FTP server:

—  Anonymous login (read-only data access)

—  User login (read and write access to data)
® A maximum of 2 simultaneous connections

®  The effective transmission rate depends on processor load and current
drive status

The transmission rate is approx. 450 kbytes/s for download (STOR com-
mand) and 300 kbytes/s for upload (RETR command) with an active
connection. If 2 FTP connections are simultaneously active (download
or upload), the effective transmission rate is dramatically reduced in
both directions.

The following hardware requirements must have been fulfilled:
e  |ndraDrive with Advanced Display
o Memory card plugged before booting up

If no memory card was recognized during boot-up, the parameter "P-0-4066,
Card Ildentification Data" contains the value OxFFFFFFFF.

o P-0-4066, Card Identification Data

10.6.2  Functional description

Connections

Establishing the connection

Terminating the connection

File directories

Bosch Rexroth AG R911385754 _Edition 02

A maximum of 2 connections to the FTP server can be simultaneously estab-
lished.

After the drive has been booted up, the FTP connection is not active yet. To
establish the connection, log on to the FTP server using the correct IP ad-
dress.

When there is no more data traffic, the drive automatically terminates the
FTP connection after 5 minutes. If the connection is to be maintained, the
FTP command "NOOP" can be send cyclically.

The drive automatically creates the following directories if they are not yet
available:

e USER
BACKUP
TOOLS
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FTP logon

Standard logon

Anonymous logon

FTP data handling
File date

File names

FTP commands

Engineering/diagnostic interfaces

e PLC
e DOCUMENTATION
e TEMP

Each time the connection is established, it is necessary to log on to the FTP
server. IndraDrive supports two types of logon, standard logon and anony-
mous logon.

For standard logon to the FTP server, log on under the user name "boschrex-
roth" with the password "boschrexroth" (logon according to Bosch Rexroth
standard).

Upon successful standard logon, it is possible to access all files and directo-
ries of the memory card and carry out read access or write access.

After each logon, the FTP server opens the "USER" directory of the memory
card.

Anonymous logon to the FTP server is possible, too. For this purpose, em-
ploy the user name "anonymous" and any e-mail address as a password
(IndraDrive-specific logon). This type of logon provides read-only access to
all data and directories of the memory card.

After each logon, the FTP server opens the "USER" directory of the memory
card. This is the area in which the user data were stored.

Files created via FTP on the memory card are created there as a new file.
The time from parameter "P-0-0197, System time" is used as the file date.
The minimum date used as the start value is "01.01.2000".

When selecting file names and directory names, comply with the following
rules and restrictions:

e  File names may only contain the following characters:
- #$%&'()+-0123456789="
—  ABCDEFGHIJKLMNOPQRSTUVWXYZ[]"*_
—  abcdefghijkimnopgrstuvwxyz{}~
®  Files cannot begin with ".".
e  The lengths of file names (incl. file path) cannot exceed 80 characters.

The FTP server accepts the commands contained in the following table. If
commands are entered via a user interface (e.g., FTP client), some different
commands are used (e.g., "dir" instead of "LIST"). In these cases, the FTP
client converts the commands, which the user entered, to the below-men-
tioned syntax.

Command syntax Description

USER xxx Log on with user name xxxx

PASS xxxx Enter password xxxx

TYPE x Entering the transmission type x = "A" fur ASCII; x ="I"

fur IMAGE (binary)

STOR xxxx Saving a file with name xxxx on the uSD card

RNFR xxxx RNTO yyyy Rename file xxxx, new name yyyy

CWD xxxx Change working directory to xxxx

R911385754 _Edition 02 Bosch Rexroth AG
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Command syntax

Description

SYST

Request system information from FTP server

CDUP

Change working directory, go one level "up"

QUIT

Terminate the connection

STRUF

Set data structure type to "File"

APPE xxxx

Attach data to file xxxx or create file xxxx

LIST

Request directory structure from server

STAT

Request status message of current settings of TYPE,
STRU and MODE

RMD xxxxx

Delete directory xxxx

XRMD xxxx

delete directory xxxx

ACCT xxxx

Change user ID to xxxx

PORT xxxx

Transmit port number of host for data transfer

MODE S

Set transfer mode to "Stream"

ABOR

Cancel current transmission

NLST

Send a file list to client

HELP

Send a list of supported FTP commands to client

PWD

Show current working directory

XPWD

Show current working directory

MKD xxxx

Create directory xxxx

XMKD xxxx

Create directory xxxx

PASV

Open FTP server as "passive" connection

RETR xxxx

Send file xxxx to client

DELE xxxx

Delete file xxxx on server

NOOP

"No Operation"— can be send periodically to maintain
connection.

Tab. 10-17:

Bosch Rexroth AG R911385754 _Edition 02

Function commands for FTP data handling
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11 Commissioning

A WARNING Dangerous movements! Danger to life, risk of

injury, serious injury or property damage!

e Keep free and clear of the ranges of motion of machines and moving
machine parts.

®  Prevent personnel from accidentally entering the machine’s range of
motion (e.g., by using safety fences, safety guards, protective coverings,
light barriers).

e  Make sure that the drives are brought to safe standstill before accessing
or entering the danger zone.

11.1 Commissioning methods

Offline simulation or real mode. Unlike drive: Simulation mode and motion
commissioning do not exist.

11.2 General schematic sequence for controlling the supply unit

Switchingon e  Switching on 24V control voltage.
e  Switching on mains voltage.
e  Controlling the mains contactor.
e DC bus is charged via the soft start device.
e  Enabling operation mode.

®  Preselected operation mode is activated, axes at the DC bus can be op-
erated.

Switching off e  Disabling operation mode and switching off mains contactor.
®  Selecting the "ZKS" function to discharge the DC bus, if necessary.
e  Switching off mains voltage.
e  Switching off 24V control voltage.

11.3 Operation with master communication
11.3.1  Supply unit with HMU

Supply units of the IndraDrive ML device range consist of a universal inverter
(HMU) and a mains connection module (HNA).

The master communication is configured in parameter "P-0-4089.0.1, Master
communication: Protocol". Control via master communication in accordance
with the state machine of the device [see chapter 3.2.4 "Device control and
state machines" on page 33] using "S-0-1720.0.1, Power supply control
word". Feedback via "S-0-1720.0.2, Power supply status word".

R911385754 _Edition 02 Bosch Rexroth AG



290/305

Commissioning

Switching on

IndraDrive Power Supply Basic PSB-21 Functions

1. Switching on control voltage DC24v
Booting process 'Boot .y
Hardware enabling status  S-0-1720.0.2 bit 5 "bb”
2a. Switching device to OM C0200
2b. Switching master comm. to oper. mode C5200
Parameterization level status S-0-0424 bit 0
Interface status S-0-0014 bit 2
3b. Controlling the Bb contact ~ $-0-1720.0.1 bit 12 ]
Bb contact status S-0-1720.0.2 bit 7
Mains voltage at HNA status S-0-1720.0.2 bit 4 ‘'Bb*
4. Controlling the mains contactor  S-0-1720.0.1 bit 14
DC bus charging “charg"
Mains contactor status $-0-1720.0.2 bit 6
Ready for power output status  S-0-1720.0.2 bit 14 oo
5. Enabling operation mode  S-0-1720.0.1 bit 15 I__
Operation mode enabling status ~ S-0-1720.0.2 bit 15 e
DF000922v02.des
Fig. 11-1: Signal sequences when switching on via master communication,
supply unit with HMU

Information on switching on via master communication for supply unit with
HMU:

Bosch Rexroth AG R911385754 _Edition 02

Via the "Bb contact", the optional main contactor (additional contactor
upstream) is enabled.

The "Bb contact" is opened when the device is switched to PM or P2.

The supply unit goes to the "Bb" state as soon as mains voltage has
been applied to the input terminals of the mains connection module
(HNA) and the voltage complies with the connection conditions.

The DC bus is charged via the mains connection module (HNA).

Only after the DC bus has been successfully charged is the mains con-
tactor closed and the supply unit goes to the "Lb" state.

When the supply unit displays "LB", the preselected operation mode is
active and the drives at the DC bus can be operated.
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1a. Disabling operation mode
1b. Controlling the mains contactor
Operation mode enabling status
Ready for power output status
Mains contactor status

Mains voltage at HNA status

Bb contact status

Hardware enabling status

2. Activating DC bus discharging
DC bus discharging status

3. Controlling the Bb contact

4. Switching off control voltage

S-0-1720.0.1 bit 15
S-0-1720.0.1 bit 14
S-0-1720.0.2 bit 15
S-0-1720.0.2 bit 14
S-0-1720.0.2 bit 6
S-0-1720.0.2 bit 4
S-0-1720.0.2 bit 7,
S-0-1720.0.2 bit 5

LZKS" input

“Bh"

“bh*

S-0-1720.0.2 bit 1

S-0-1720.0.1 bit 1

24V

DF000923v03.des

11.3.2

Fig. 11-2:

Signal sequences when swifching off via master communication,
supply unit with HMU

Information on switching off via master communication for supply unit with

HMU:

®  The universal inverter (HMU) is not equipped with an internal braking re-
sistor. Therefore, the "ZKS" function can only be executed if an external
braking resistor (HLT plus HLR) has been connected to the DC bus.

®  The "ZKS" function is controlled via the digital "ZKS" inputs at HNA and

HLT.

e  The status bit of DC bus discharge is set when the "ZKS" function is ac-
tive and the DC bus has been de-energized.

® The "OFF" and "ZKS" inputs of the mains connection module (HNA) al-
so take effect with active master communication.

A WARNING High electrical voltage on DC bus, even after

24V control voltage switched off!

Use "ZKS" function or wait for DC bus to have automatically discharged. En-

sure that the system is de-energized.

KMV supply unit

The master communication is configured in parameter "P-0-4089.0.1, Master
communication: Protocol". Control via master communication in accordance
with the state machine of the device [see chapter 3.2.4 "Device control and
state machines" on page 33) using "S-0-1720.0.1, Power supply control
word". Feedback via "S-0-1720.0.2, Power supply status word".

R911385754 _Edition 02 Bosch Rexroth AG
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IndraDrive Power Supply Basic PSB-21 Functions

1. Switching on control voltage
Booting process

Hardware enabling status

2a. Switching device to OM

2b. Switching master comm. to oper. mode
Parameterization level status
Interface status

3a. Switching on mains voltage
3b. Controlling the Bb contact

Bb contact status

Mains voltage at Sync input

4. Controlling the mains contactor
Mains contactor status

DC bus charging

Ready for power output status

5. Enabling operation mode

Operation mode enabling status

DC24V

$-0-1720.0.2 bit 5

C0200

C5200

S-0-0424 bit 0

S-0-0014 bit 2

3AC400V

S-0-1720.0.1 bit 12 |

$-0-1720.0.2 bit 7

$-0-1720.0.2 bit 4

$-0-1720.0.1 bit 14 |

$-0-1720.0.2 bit 6

S-0-1720.0.2 bit 14 I

$-0-1720.0.1 bit 15 I_

$-0-1720.0.2 bit 15

DF000920v02.des

Fig. 11-3: Signal sequences when switching on via master communication,

supply unit with KMV

Information on switching on via master communication for KMV supply unit:

Bosch Rexroth AG R911385754 _Edition 02

The distributed supply unit (KMV) does not feature a "Bb contact".
Therefore, an optional main contactor (additional contactor upstream)
cannot be switched on via the control word.

In the switch-on sequence, control of the "Bb contact" via S-0-1720.0.1
bit 12 has to be taken into consideration, even if the contact does not
physically exist.

If mains voltage has been applied to the input terminals of the mains
choke (KNK) and the voltage complies with the connection conditions,
S-0-1720.0.2 bit 4 is set.

After the mains contactor has been closed, the DC bus is charged via
the internal braking resistor.
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Switching off

1a. Disabling operation mode S-0-1720.0.1 bit 15

1b. Controlling the mains contactor S-0-1720.0.1 bit 14

Operation mode enabling status S-0-1720.0.2 bit 15

Ready for power output status S-0-1720.0.2 bit 14

_|_|_|JJ

Mains contactor status  S-0-1720.0.2 bit 6

Mains voltage at Sync input status  S-0-1720.0.2 bit 4 l

Bb contact status  S-0-1720.0.2 bit 7 l

Hardware enabling status ~ S-0-1720.0.2 bit 5 l

2. Activating DC bus discharging S$-0-1720.0.1 bit 1 | l

DC bus discharging status S-0-1720.0.2 bit 1 [ ]

3. Switching off mains voltage 3AC400V| l

4. Switching off control voltage 24V 1

Df000921v03.des

Fig. 11-4: Signal sequences when swifching off via master communication,
supply unit with KMV

Information on switching off via master communication for KMV supply units:

e  The distributed supply unit (KMV) features an internal braking resistor
used for the "ZKS" function.

®  The "ZKS" function is activated using S-0-1720.0.1 bit 10.

®  The status bit of DC bus discharge is set when the "ZKS" function is ac-
tive and the DC bus has been de-energized.

A WARNING High electrical voltage on DC bus, even after

24V control voltage switched off!

Use "ZKS" function or wait for DC bus to have automatically discharged. En-
sure that the system is de-energized.

114 Operation without master communication
11.4.1  Supply unit with HMU

Supply units of the IndraDrive ML device range consist of a universal inverter
(HMU) and a mains connection module (HNA).

If master communication has been deactivated (cf. P-0-4089.0.1), the supply
unit can be controlled via the digital inputs of the mains connection module
(HNA). The "ON", "OFF" and "Reset" inputs are copied to the parameter
"S-0-1720.0.150, Power supply ON/OFF" without any additional configuration
and evaluated by the firmware. For how to wire the inputs, please see the
Project Planning Manual for HMU.

R911385754 _Edition 02 Bosch Rexroth AG
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Switching on control voltage DC24V l
Booting process “Boot .y
Switching to operating mode C0200 I_I
Bb contact is controlled |"BD" l
Switching on power ,On“ input 1
DC bus charging [chara ]
Controlling the mains contactor — 1
Enabling operation mode Im
Switching off power ,OFF* input |'BL" |
Activating DC bus discharging ,ZKS* input |"zKs” 1
»Switching off via Off input® warning ,Warn“ output L E2834"
DF000924v03.des
Fig. 11-5: Signal sequences for operation without master communication, sup-
ply unit with HMU
Information on operation without master communication for supply unit with
HMU:

®  The switching pulse at the "ON" input has to be present until the supply
unit has reached the "LB" state.

®  The universal inverter (HMU) is not equipped with an internal braking re-
sistor. Therefore, the "ZKS" function can only be executed if an external
braking resistor (HLT plus HLR) has been connected to the DC bus.

e |f the "ZKS" input is activated, the mains contactor is automatically dis-
connected.

e |If the "ZKS" function is active, the warning "E8034, Emergency-Stop
activated" is generated.

®  The "Warn" output and the LED at the mains connection module (HNA)
are used for restricted diagnostics.

11.4.2 KMV supply unit

The KMV supply unit cannot be operated via the local I/Os. The device is
controlled exclusively using "S-0-1720.0.1, Power supply control word".

11.5 Supply unit as PLC device

11.5.1 General information

Using supply units of type HMV05" (Product range IndraDrive ML) and
KMVO03 (product range IndraDrive: Mi) are provided with supply units with
separate master communication. These supply units can be operated with
firmware PSB-2x.

1) HMVO05 is the designation of a supply unit consisting of HNAOS mains connection
moadule, HMUOS universal inverter and CSBO02.5 control section with firmware for
supply units (FWA-INDRV*-PSB-...). HMVO05 is not an official product designation
and is used for documentation purposes only.
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Supply units of this type can be referred to as "intelligent" supply units. They
have a bus address, different parameters to parameterize functions, a device
control word and a device status word.

Refer to the relevant project planning manual for information on
Q "intelligent" supply units.
e KMVO03: Project Planning Manual with material number
R911335703
e HMVO05: Project Planning Manual with material number
R911344279

Supply units with separate master communication are supported by
IndraLogic XLC/IndraMotion MLC/IndraMotion MLD as PLC devices.

11.5.2 Parameterization

The supply unit can be created in the IndraWorks project by dragging and
dropping it from the library window (folder "Periphery", folder for the relevant
field bus) to the field bus node. For Sercos, find the relevant supply unit in the
library of the periphery devices "Sercos".

The supply unit can be parameterized in IndraWorks Ds. (A parameterization
via single parameters is possible via IndraLogic XLC/IndraMotion MLC.)

IndraLogic XLC / IndraMotion MLC: Right-click on the Sercos de-
Q vice and on "IndraWorks Ds here..." to directly call IndraWorks
Ds.

As an option to "IndraWorks Ds here...", the communication between PC and
supply unit can take place directly. The PC can be connected to a free port of
the Sercos device or can communicate via a "Sercos Ill NetSwitch" (order
no.: R911328254, HAWA HGS NS-S3-1NRT). Optionally, the IP communica-
tion can be routed via the control using the Windows command "route".

The parameters to be transmitted cyclically can be parameterized in
IndraWorks below the Sercos node.

Establishing the connection and parameterizing the supply unit

When using "IndraWorks Ds here..." in IndralLogic XLC/IndraMotion MLC
(right-click on the Sercos device), step 1 and 2 do not apply.

1. Connect the supply unit to a free Ethernet network connection or via a
USB port using an Ethernet adapter. Set IP address of the Ethernet net-
work connection or of the Ethernet adapter to the supply device area
172.31.x.x.

2. Start IndraWorks Ds. Connection selection » IP address search. Con-
nect to device.

3. If required, parameterize the supply unit again in IndraWorks Ds.

11.5.3  Configuring the cyclic data

Data to be cyclically transmitted can be configured in IndraWorks below the
Sercos branch in the "General inputs and outputs" dialog.
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&1 Project Explorer - L ¥

PowerSupply
-2 Project_MPx20
[ General Module Folder sercos Module | General iﬂm and outputs | @ nformation

[ Jhy HMS01.1 [1] default
EE! P Master Communication Ll g/ ELEUE
oo b Power Supply Mame Datatype IDM.SLSE Name Datatype IDM.SLSE
i Aods_1 [1] default | Power supply status UINT $-0-1720.0.2 w| Power supply contr UINT  5-0-1720.0.1
% VmAsint: Vit. Master Axds Generator
@: Measuring Encoder
P Encoder Emulation
P Postion Switch
] MLD
i B Project Info
: B Corfiguration 1
B Display Format Registers fx
P Display Format Registers G
; P AdsData 1
[ Ej] Logic
: £} Application
-~ 4 Parameter_IQ {Drive 1/0) 1
() Local /08
) Remote 1/Q
=g sercos [CCD)
19-520_53 BK (S20-53-BK+) {
| 520_53 BK_(520-53-BKs)
[ 520_DI_16_4{520-DI-16/4)
E 520_DO_16_3(520-00-16/3)
=] 2 - HMS0x (HMS)
¢ (] Drive (Drive)
Er-l] 20 - HMVI (HMV)

/ E ﬂi PowerSupply (PowerSupply)
{

1 Double-click on the PowerSupply node below the Sercos de-
vice

2 Select the "General inputs and outputs" tab

3 Select or delete parameters using "Add"

Fig. 11-6: Example configuration of the cyclic parameters in the drive telegram

AT (inputs) and master data telegram MDT (outputs)

The examplary configuration is a minimum configuration. "S-0-1720.0.1, pow-
er supply control word" as PLC output is required to command the supply unit
and "S-0-1720.0.2, power supply status word" as PLC input to read out the
status.

= If the device description file contains the required information (e.g.
which parameters can be configured cyclically, parameter name
and attribute), the configurator provides a drop-down menu and
proposes the required settings. If information is not available and
not drop-down list is available, select the settings manually.

Configuring the cyclic data

1. Double-click on the supply unit node in the IndraWorks project. Select
the "General inputs and outputs" tab.

2. "S-0-1720.0.2, power supply status word" has to be configured.
In the S-0-1720.0.2 help, check the attribute:
® |ength: 2 bytes
e Format: BIN
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e  Select "Add" at the inputs

3. Parameter "S-0-1720.0.1, power supply control word" has to be config-
ured.

In the S-0-1720.0.1 help, check the attribute:
® |ength: 2 bytes
e Format: BIN
e  Select "Add" at the outputs
4. Assignment Variable < Parameter

The PLC variable parameter can be assigned in the "lI/O image" tab.
New variables can be generated or input and output parameters can be
mapped to existing PLC variables.

Change to "I/O image" tab. Enter the PLC variables in the "Variable" col-
umn as explained in Example configuration of the cyclic parameters in
the drive telegram AT (inputs) and master data telegram MDT (outputs).

The entered name is displayed in the "Channel" column in PLC variable
assignment to configured parameters.

Depending on the parameter attribute, the correct data type (with match-
ing length; with or without sign) has to be selected in the PLC.

Data length in attribute | Format in attribute Data type in PLC
2 bytes BIN or HEX WORD

4 bytes BIN or HEX DWORD

2 bytes DEC_MV INT

4 bytes DEC_MV DINT

2 bytes DEC_OV UINT

4 bytes DEC_OV UDINT

Tab. 11-1: Assignment parameter attribute - data type in PLC

The variables are regenerated in this example:
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1 Project Explorer -

PowerSupply

= 3__| Project_MPx20

+J General Module Folder

=1 [y HMS0T.T [1] desfat

- Master Communication

- B Power Supply
Pods_1 [1] defautt
&) VmAudisint: Virt. Master Axis Generator
- Measuring Encoder
Encoder Emulation
: B Postion Switch
--{[] MLD
P Project Info
H e - Configuration
- B Digplay Format Registers A
wr B Display Format Registers G

o Local 1108
+ 1= Remote 1O
'53 sercos (CCD)
- 19-520_53 BK(S20-53-BK+)
I 520_53_BK_(520-53-BK+)
§|  520_DI_16_4(520-DI-16/4)
-2 520_DO_16_3 {520-D0O-16/3)
—% 2 - HMS0x (HMS D<)
m Drive (Drive)
= 20 - HMVe (HMVE)
e (] PowerSupply (PowerSupply)

| sercos Module I Generalinputs and outputs | ™= sercos Module 1/O Mapping ‘ @ Information 1

Channels

Variable Mapping  Channel  Address Type Default Value Unit  Description
=4 Power supply control w...

"# Powersu..  %QW&2 UINT I
=+ [l Power supply status word

R Powersu..  %IW154 UINT

A

[=]
@
=

Fig. 11-7: PLC variable assignment fo configured parameters

11.5.4  PLC programming

Bosch Rexroth AG R911385754 _Edition 02

The configured PLC variables of the cyclically configured parameters for con-
trol and status word can be used in the PLC program.

As an option to a PLC program, supply units can be controlled via
Q functions, provided in an IndraWorks library:

e  Library: RMB_Sercoslll_Util

e  Group: PowerSupply

®  Target Systems:
IndraMotion MTX 14VRS
IndraMotion MLC 14VRS, Function package PLC
IndraMotion MLD with PSBx21

For the bit assignment of the supply units parameter (S-0-1720.0.1, Power
supply control word / S-0-1720.0.2, Power supply status word), refer to the
parameter description.

The supply units can be commanded in any cyclic task (e.g. "PlcTask" and
"PlcProg").

Program example
Power on and power off is executed in the following example:
e 1. State "Switch on main contactor"
Control word: Set bit 12 (16#1000)
Status word: Query bits 4, 5, 7 (16#00B0), advance state
e 2 State "Switch on main contactor (load DC)"
Control word: Set bits 12, 14 (16#5000)
Status word: Query bits 4, 5, 6, 7 (16#40F0), advance state
e 3, State"Enable command operating mode”
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Control word: Set bits 12, 14, 15; Bit 8, Bit 9 are not set for primary op-
eration mode (16#D000)

Status word: Query bits 4, 5, 6, 7, 14, 15 (16#COF0)
Connected axes can be commanded

4. state "Power off"

Control word: delete all bits (16#0000)

PLC programming

1.
2.
3.

Open the "PlcProg" program in the IndraWorks project.
Copy the program listing "Declaration" to the declaration part.

Copy the program listing "Implementation" to the implementation part.
(Do not copy page break or delete it again after Copy&Paste).

Compiling, loading and starting of PLC program.
Setting the power requirement "bSetPower".

Verify if Power On has been executed (status word: Bits 4, 5, 6, 7, 14,
15).

= From this program, parts can be copied and used for customized solving of
a task.

Declaration

PROGRAM PlcProg

VAR

END VAR

iStatePowerSupply: INT;
bSetPower: BOOL;

VAR CONSTANT

STATE ENABLE MAINS CONTACTOR :
STATE ENABLE POWER SUPPLY
STATE ACTIVATE POWER SUPPLY

INT := 1;

INT

(* state for power supply *)
(* set power *)

; (* state enable mains contactor *)
INT := 2; (* state enable power supply, load dc voltage *)
; (* state activate power supply *)

STATE POWER OFF INT := 4; (* state power off *)
END VAR
(* S-0-1720.0.1 Power supply control ¥*) (* S-0-01720.0.2 Power supply status *)
(* Bit 15: power supply activation *) (* Bit 15: voltage boost ON/OFF *)
(* Bit 14: power supply enable ¥*) (* Bit 14: DC bus okay *)
(* Bit 13: reserved *) (* Bit 13: error *)
(* Bit 12: mains contactor *) (* Bit 12: warning *)
(* Bit 11: reserved *) (* Bit 11: brake resistor *)
(* Bit 10: DC discharging *) (* Bit 10: DC discharging *)
(* Bit 09: selection of OpMode *) (* Bit 09: selection of OpMode *)
(* Bit 08: selection of OpMode *) (* Bit 08: selection of OpMode *)
(* Bit 07: reserved *) (* Bit 07: feedback signal of mains contactor *)
(* Bit 06: reserved *) (* Bit 06: mains barrage *)
(* Bit 05: reserved *) (* Bit 05: hardware enable *)
(* Bit 04: reserved *) (* Bit 04: mains status *)
(* Bit 03: reserved *) (* Bit 03: reserved *)
(* Bit 02: reserved *) (* Bit 02: reserved *)
(* Bit 01: reserved *) (* Bit 01: reserved *)

Implementation

(*

set power request and check status *)
IF bSetPower AND wStatusWord = 16#00A0 OR wStatusWord = 16#0020 THEN

iStatePowerSupply := STATE ENABLE MAINS CONTACTOR;
ELSIF bSetPower AND wStatusWord = 16#00B0 THEN
iStatePowerSupply := STATE ENABLE POWER SUPPLY;
ELSIF bSetPower AND wStatusWord = 16#40F0 THEN
iStatePowerSupply := STATE ACTIVATE POWER SUPPLY;
ELSIF bSetPower AND wStatusWord = 16#COF0 THEN
iStatePowerSupply := STATE POWER OFF;
END IF

(* state machine for power supply *)

CASE iStatePowerSupply OF

STATE ENABLE MAINS CONTACTOR:

(* enable mains contactor *)

R911385754 _Edition 02 Bosch Rexroth AG
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wControlWord := 16#1000; (* set bit 12 *)

IF wStatusWord = 16#00B0 THEN (* check bit 4, 5, 7 *)

istatePowerSupply := STATE ENABLE POWER SUPPLY;
ELSE

istatePowerSupply := STATE ENABLE MAINS CONTACTOR;
END IF

STATE_ENABLE_ POWER_SUPPLY: (* enable power supply, load DC voltage *)

wControlWord := 16#5000; (* set bit 12, 14 *)

IF wStatusWord = 16#40F0 THEN (* check bit 4, 5, 6, 7 *)

istatePowerSupply := STATE ACTIVATE POWER SUPPLY;
ELSE

istatePowerSupply := STATE ENABLE POWER SUPPLY;
END IF
STATE ACTIVATE POWER SUPPLY: (* enable poser supply, operation mode constant DC voltage ¥*)

wControlWord := 16#D000; (* set bit 12, 14, 15 *)

IF wStatusWord = 16#COF0 THEN (* check bit 4, 5, 6, 7, 14, 15 *)

istatePowerSupply := STATE POWER OFF;
ELSE

iStatePowerSupply := STATE_ACTIVATE POWER SUPPLY;
END_IF
STATE_POWER_OFF: (* power off *)

IF NOT bSetPower THEN

wControlWord := 16#0000; (* reset bits *)
END IF
IF NOT wStatuswort = 16#0040 THEN (* check bit 6 *)
istatePowerSupply := STATE POWER OFF;
END IF

END_CASE

Bosch Rexroth AG R911385754 _Edition 02
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