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1 Introduction

1.1 About This Documentation

Purpose of Documentation By means of four application examples, this documentation shows an intro-
duction to the programming of the drive-integrated PLC (IndraMotion MLD). It
demonstrates various problems occurring in the production process which are
resolved with IndraMotion MLD.

The following examples of application are introduced and implemented as MLD
solutions:

®  Double-axis positioning control (Pick and Place)

e |Intelligent error reaction

®  Synchronous multi-axis motion with virtual master axis
e  Vibration damping with superimposed process loop

In a simple way, the program examples demonstrate how to realize the follow-
ing topics:

®  Reading and writing drive parameters

e  Reading digital and analog inputs

e  Setting digital outputs

® Implementing a process control

®  Motion Control: (Positioning and axis-synchronous motion)
®  Programming an internal error reaction

1.2 Reference Documentations
1.2.1 IndraMotion MLD
Title Type of documentation Document typecode™ Part number
Rexroth IndraMotion MLD Application Manual DOK-INDRV*-MLD-**VRS**- R911306084
AWxx-EN-P
Rexroth IndraMotion MLD Library Library Description DOK-INDRV*-MLD-SYSLIB*- R911309224
FKxx-EN-P
Rexroth IndraMotion MLD Getting Summary DOK-IM*MLD*-F*STEP**V**- R911319306
Started KB01-EN-P
1) In the document typecodes, "xx" is a wild card for the current edition of
the documentation (example: AWO03 is the third edition of an Application
Manual);

Fig.1-1: Documentations — Overview
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1.2.2 Firmware

Title Type of documentation Document typecode™ Part number
Rexroth IndraDrive ...
Rexroth IndraDrive Functional Description DOK-INDRV*-MP*-05VRS**- R911320182
Firmware for Drive Controllers FRxx-EN-P
1) In the document typecodes, "xx" is a wild card for the current edition of
the documentation (example: FK02 is the second edition of a Functional
Description);
Fig.1-2: Documentations — Overview
1.2.3 Drive System
Title Type of documentation Document typecode™ Part number
Rexroth IndraDrive
Rexroth IndraDrive Project Planning Manual DOK-INDRV*-CSH********.PRxx- R911295012
Drive Controllers Control Sections EN-P

1)

In the document typecodes, "xx" is a wild card for the current edition of

the documentation (example: PRO1 is the first edition of a Project Plan-
ning Manual);

Fig. 1-3: Documentations — Overview
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2.1
2.1.1

2.1.2

Important Directions for Use

Important Directions for Use

Appropriate Use

Introduction

Rexroth products represent state-of-the-art developments and manufacturing.
They are tested prior to delivery to ensure operating safety and reliability.

A WARNING Personal injury and property damage caused

by incorrect use of the products!

The products have been designed for use in the industrial environment and may
only be used in the appropriate way. If they are not used in the appropriate way,
situations resulting in property damage and personal injury can occur.

= Rexroth as manufacturer is not liable for any damages resulting
from inappropriate use. In such cases, the guarantee and the right
to payment of damages resulting from inappropriate use are forfei-
ted. The user alone carries all responsibility of the risks.

Before using Rexroth products, make sure that all the pre-requisites for an ap-
propriate use of the products are satisfied:

®  Personnel thatin any way, shape or form uses our products must first read
and understand the relevant safety instructions and be familiar with ap-
propriate use.

e  |f the products take the form of hardware, then they must remain in their
original state, in other words, no structural changes are permitted. It is not
permitted to decompile software products or alter source codes.

e Do not mount damaged or faulty products or use them in operation.

e  Make sure that the products have been installed in the manner described
in the relevant documentation.

Areas of Use and Application

Drive controllers made by Rexroth are designed to control electrical motors and
monitor their operation.

Control and monitoring of the Drive controllers may require additional sensors
and actors.

= The drive controllers may only be used with the accessories and
parts specified in this documentation. If a component has not been
specifically named, then it may neither be mounted nor connected.
The same applies to cables and lines.

Operation is only permitted in the specified configurations and com-
binations of components using the software and firmware as speci-
fied in the relevant Functional Descriptions.

Drive controllers have to be programmed before commissioning, making it pos-
sible for the motor to execute the specific functions of an application.

Drive controllers of the Rexroth IndraDrive line have been developed for use in
single- and multi-axis drive and control tasks.

To ensure application-specific use of Drive controllers, device types of different
drive power and different interfaces are available.
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Typical applications include, for example:

e  Handling and mounting systems,

o Packaging and food machines,

®  Printing and paper processing machines and
o Machine tools.

Drive controllers may only be operated under the assembly and installation
conditions described in this documentation, in the specified position of normal
use and under the ambient conditions as described (temperature, degree of
protection, humidity, EMC, etc.).

2.2 Inappropriate Use

Using the Drive controllers outside of the operating conditions described in this
documentation and outside of the indicated technical data and specifications is
defined as "inappropriate use".

Drive controllers must not be used, if ...

e they are subject to operating conditions that do not meet the specified
ambient conditions. This includes, for example, operation under water,
under extreme temperature fluctuations or extremely high maximum tem-
peratures.

e  Furthermore, Drive controllers must not be used in applications which
have not been expressly authorized by Rexroth. Please carefully follow
the specifications outlined in the general Safety Instructions!

ISy Components of the drive system Rexroth IndraDrive are products
of category C3 (with restricted distribution) according to
IEC 61800-3. These components are not provided for use in a public
low-voltage mains supplying residential areas. If these components
are used in such a mains, high-frequency interference is to be ex-
pected. This can require additional measures of radio interference
suppression.
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3 Safety Instructions for Electric Drives and Controls

3.1 Definitions of Terms

Application Documentation

Component

Control System

Device

Electrical Equipment

Electric Drive System

Installation

Machine

Manufacturer

Product

Project Planning Manual

Qualified Persons

Application documentation comprises the entire documentation used to inform
the user of the product about the use and safety-relevant features for config-
uring, integrating, installing, mounting, commissioning, operating, maintaining,
repairing and decommissioning the product. The following terms are also used
for this kind of documentation: User Guide, Operation Manual, Commissioning
Manual, Instruction Manual, Project Planning Manual, Application Manual, etc.

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 electric drive
and control system are, for example, supply units, drive controllers, mains
choke, mains filter, motors, cables, etc.

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

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

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

An electric drive system comprises all components from mains supply to motor
shaft; this includes, for example, electric motor(s), motor encoder(s), supply
units and drive controllers, as well as auxiliary and additional components, such
as mains filter, mains choke and the corresponding lines and cables.

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

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 ele-
ments, 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 cov-
ers a combination of machines which are arranged and controlled in such a way
that they function as a unified whole.

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.

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.

In terms of this application documentation, qualified persons are those persons
who are familiar with the installation, mounting, commissioning and operation
of the components of the electric drive and control system, as well as with the
hazards this implies, and who possess the qualifications their work requires. To
comply with these qualifications, it is necessary, among other things,
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1) to be trained, instructed or authorized to switch electric circuits and devices
safely on and off, to ground them and to mark them

2) to be trained or instructed to maintain and use adequate safety equipment
3) to attend a course of instruction in first aid

User A useris a person installing, commissioning or using a product which has been
placed on the market.
3.2 General Information

3.21 Using the Safety Instructions and Passing Them on to Others

Do not attempt to install and operate the components of the electric drive and
control system without first reading all documentation provided with the product.
Read and understand these safety instructions and all user documentation prior
to working with these components. If you do not have the user documentation
for the components, contact your responsible Rexroth sales partner. Ask for
these documents to be sent immediately to the person or persons responsible
for the safe operation of the components.

If the component is resold, rented and/or passed on to others in any other form,
these safety instructions must be delivered with the component in the official
language of the user's country.

Improper use of these components, failure to follow the safety instructions in
this document or tampering with the product, including disabling of safety de-
vices, could result in property damage, injury, electric shock or even death.

3.2.2 Requirements for Safe Use

Read the following instructions before initial commissioning of the components
of the electric drive and control system in order to eliminate the risk of injury
and/or property damage. You must follow these safety instructions.

e  Rexroth is not liable for damages resulting from failure to observe the
safety instructions.

o Read the operating, maintenance and safety instructions in your language
before commissioning. If you find that you cannot completely understand
the application documentation in the available language, please ask your
supplier to clarify.

° Proper and correct transport, storage, mounting and installation, as well
as care in operation and maintenance, are prerequisites for optimal and
safe operation of the component.

®  Only qualified persons may work with components of the electric drive and
control system or within its proximity.

®  Only use accessories and spare parts approved by Rexroth.

o Follow the safety regulations and requirements of the country in which the
components of the electric drive and control system are operated.

e  Only use the components of the electric drive and control system in the
manner that is defined as appropriate. See chapter "Appropriate Use".

®  The ambient and operating conditions given in the available application
documentation must be observed.

o  Applications for functional safety are only allowed if clearly and explicitly
specified in the application documentation "Integrated Safety Technolo-
gy". If this is not the case, they are excluded. Functional safety is a safety
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concept in which measures of risk reduction for personal safety depend
on electrical, electronic or programmable control systems.

e  The information given in the application documentation with regard to the
use of the delivered components contains only examples of applications
and suggestions.

The machine and installation manufacturers must

— make sure that the delivered components are suited for their individ-
ual application and check the information given in this application
documentation with regard to the use of the components,

— make sure that their individual application complies with the appli-
cable safety regulations and standards and carry out the required
measures, modifications and complements.

e  Commissioning of the delivered components is only allowed once it is sure
that the machine or installation in which the components are installed
complies with the national regulations, safety specifications and standards
of the application.

e  Operation is only allowed if the national EMC regulations for the applica-
tion are met.

®  Theinstructions for installation in accordance with EMC requirements can
be found in the section on EMC in the respective application documenta-
tion.

The machine or installation manufacturer is responsible for compliance
with the limit values as prescribed in the national regulations.

®  The technical data, connection and installation conditions of the compo-
nents are specified in the respective application documentations and must
be followed at all times.

National regulations which the user must take info account
e  European countries: In accordance with European EN standards
e  United States of America (USA):

— National Electrical Code (NEC)

—  National Electrical Manufacturers Association (NEMA), as well as
local engineering regulations

— Regulations of the National Fire Protection Association (NFPA)
®  Canada: Canadian Standards Association (CSA)
e  Other countries:

— International Organization for Standardization (ISO)

— International Electrotechnical Commission (IEC)

3.23 Hazards by Improper Use

e  High electrical voltage and high working current! Danger to life or serious
injury by electric shock!

e  High electrical voltage by incorrect connection! Danger to life or injury by
electric shock!

e  Dangerous movements! Danger to life, serious injury or property damage
by unintended motor movements!

e Health hazard for persons with heart pacemakers, metal implants and
hearing aids in proximity to electric drive systems!

e  Risk of burns by hot housing surfaces!
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Risk of injury by improper handling! Injury by crushing, shearing, cutting,
hitting!

Risk of injury by improper handling of batteries!
Risk of injury by improper handling of pressurized lines!

3.3 Instructions with Regard to Specific Dangers
3.3.1 Protection Against Contact with Electrical Parts and Housings

ISy

This section concerns components of the electric drive and control
system with voltages of more than 50 volts.

Contact with parts conducting voltages above 50 volts can cause personal
danger and electric shock. When operating components of the electric drive
and control system, it is unavoidable that some parts of these components
conduct dangerous voltage.

High electrical voltage! Danger to life, risk of injury by electric shock or serious
injury!

Only qualified persons are allowed to operate, maintain and/or repair the
components of the electric drive and control system.

Follow the general installation and safety regulations when working on
power installations.

Before switching on, the equipment grounding conductor must have been
permanently connected to all electric components in accordance with the
connection diagram.

Even for brief measurements or tests, operation is only allowed if the
equipment grounding conductor has been permanently connected to the
points of the components provided for this purpose.

Before accessing electrical parts with voltage potentials higher than 50 V,
you must disconnect electric components from the mains or from the pow-
er supply unit. Secure the electric component from reconnection.

With electric components, observe the following aspects:

Always wait 30 minutes after switching off power to allow live capacitors
to discharge before accessing an electric component. Measure the elec-
trical voltage of live parts before beginning to work to make sure that the
equipment is safe to touch.

Install the covers and guards provided for this purpose before switching
on.

Never touch electrical connection points of the components while power
is turned on.

Do not remove or plug in connectors when the component has been pow-
ered.

Under specific conditions, electric drive systems can be operated at mains
protected by residual-current-operated circuit-breakers sensitive to uni-
versal current (RCDs/RCMs).

Secure built-in devices from penetrating foreign objects and water, as well
as from direct contact, by providing an external housing, for example a
control cabinet.
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High housing voltage and high leakage current! Danger to life, risk of injury by
electric shock!

e  Before switching on and before commissioning, ground or connect the
components of the electric drive and control system to the equipment
grounding conductor at the grounding points.

e  Connect the equipment grounding conductor of the components of the
electric drive and control system permanently to the main power supply at
all times. The leakage current is greater than 3.5 mA.

e  Establish an equipment grounding connection with a copper wire of a
cross section of at least 10 mm? (8 AWG) or additionally run a second
equipment grounding conductor of the same cross section as the original
equipment grounding conductor.

3.3.2 Protective Extra-Low Voltage as Protection Against Electric Shock

Protective extra-low voltage is used to allow connecting devices with basic in-
sulation to extra-low voltage circuits.

On components of an electric drive and control system provided by Rexroth, all
connections and terminals with voltages between 5 and 50 volts are PELV
("Protective Extra-Low Voltage") systems. It is allowed to connect devices
equipped with basic insulation (such as programming devices, PCs, notebooks,
display units) to these connections.

Danger to life, risk of injury by electric shock! High electrical voltage by incorrect
connection!

If extra-low voltage circuits of devices containing voltages and circuits of more
than 50 volts (e.g., the mains connection) are connected to Rexroth products,
the connected extra-low voltage circuits must comply with the requirements for
PELV ("Protective Extra-Low Voltage").

3.3.3 Protection Against Dangerous Movements

Dangerous movements can be caused by faulty control of connected motors.
Some common examples are:

®  Improper or wrong wiring or cable connection

e  Operator errors

®  Wrong input of parameters before commissioning
e  Malfunction of sensors and encoders

e  Defective components

e  Software or firmware errors

These errors can occur immediately after equipment is switched on or even
after an unspecified time of trouble-free operation.

The monitoring functions in the components of the electric drive and control
system will normally be sufficient to avoid malfunction in the connected drives.
Regarding personal safety, especially the danger of injury and/or property dam-
age, this alone cannot be relied upon to ensure complete safety. Until the
integrated monitoring functions become effective, it must be assumed in any
case that faulty drive movements will occur. The extent of faulty drive move-
ments depends upon the type of control and the state of operation.
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Dangerous movements! Danger to life, risk of injury, serious injury or property
damage!

A risk assessment must be prepared for the installation or machine, with its
specific conditions, in which the components of the electric drive and control
system are installed.

As a result of the risk assessment, the user must provide for monitoring func-
tions and higher-level measures on the installation side for personal safety. The
safety regulations applicable to the installation or machine must be taken into
consideration. Unintended machine movements or other malfunctions are pos-
sible if safety devices are disabled, bypassed or not activated.

To avoid accidents, injury and/or property damage:

e  Keep free and clear of the machine’s range of motion and moving machine
parts. Prevent personnel from accidentally entering the machine’s range
of motion by using, for example:

—  Safety fences
—  Safety guards
—  Protective coverings
- Light barriers

®  Make sure the safety fences and protective coverings are strong enough
to resist maximum possible kinetic energy.

o Mount emergency stopping switches in the immediate reach of the oper-
ator. Before commissioning, verify that the emergency stopping equip-
ment works. Do not operate the machine if the emergency stopping switch
is not working.

o Prevent unintended start-up. Isolate the drive power connection by means
of OFF switches/OFF buttons or use a safe starting lockout.

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

e  Additionally secure vertical axes against falling or dropping after switching
off the motor power by, for example,

— mechanically securing the vertical axes,
— adding an external braking/arrester/clamping mechanism or
—  ensuring sufficient counterbalancing of the vertical axes.

®  The standard equipment motor holding brake or an external holding brake
controlled by the drive controller is not sufficient to guarantee personal
safety!

o Disconnect electrical power to the components of the electric drive and
control system using the master switch and secure them from reconnec-
tion ("lock out") for:

- Maintenance and repair work
—  Cleaning of equipment
- Long periods of discontinued equipment use

o Prevent the operation of high-frequency, remote control and radio equip-
ment near components of the electric drive and control system and their
supply leads. If the use of these devices cannot be avoided, check the
machine or installation, at initial commissioning of the electric drive and
control system, for possible malfunctions when operating such high-fre-
quency, remote control and radio equipment in its possible positions of
normal use. It might possibly be necessary to perform a special electro-
magnetic compatibility (EMC) test.
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3.34 Protection Against Magnetic and Electromagnetic Fields During Oper-
ation and Mounting

Magnetic and electromagnetic fields generated by current-carrying conductors
or permanent magnets of electric motors represent a serious danger to persons
with heart pacemakers, metal implants and hearing aids.

Health hazard for persons with heart pacemakers, metal implants and hearing
aids in proximity to electric components!

®  Persons with heart pacemakers and metal implants are not allowed to
enter the following areas:

—  Areas in which components of the electric drive and control systems
are mounted, commissioned and operated.

—  Areas in which parts of motors with permanent magnets are stored,
repaired or mounted.

e [fitis necessary for somebody with a heart pacemaker to enter such an
area, a doctor must be consulted prior to doing so. The noise immunity of
implanted heart pacemakers differs so greatly that no general rules can
be given.

e  Those with metal implants or metal pieces, as well as with hearing aids,
must consult a doctor before they enter the areas described above.

3.3.5 Protection Against Contact With Hot Parts

Hot surfaces of components of the electric drive and control system. Risk of
burns!

e Do not touch hot surfaces of, for example, braking resistors, heat sinks,
supply units and drive controllers, motors, windings and laminated cores!

e  According to the operating conditions, temperatures of the surfaces can
be higher than 60 °C (140 °F) during or after operation.

e  Before touching motors after having switched them off, let them cool down
for a sufficient period of time. Cooling down can require up to 140 mi-
nutes! The time required for cooling down is approximately five times the
thermal time constant specified in the technical data.

e  After switching chokes, supply units and drive controllers off, wait 15 mi-
nutes to allow them to cool down before touching them.

e  Wear safety gloves or do not work at hot surfaces.

e  Forcertain applications, and in accordance with the respective safety reg-
ulations, the manufacturer of the machine or installation must take meas-
ures to avoid injuries caused by burns in the final application. These
measures can be, for example: Warnings at the machine or installation,
guards (shieldings or barriers) or safety instructions in the application
documentation.

3.3.6 Protection During Handling and Mounting
Risk of injury by improper handling! Injury by crushing, shearing, cutting, hitting!
e  Observe the relevant statutory regulations of accident prevention.
e  Use suitable equipment for mounting and transport.
®  Avoid jamming and crushing by appropriate measures.
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3.3.7 Battery Safety

Always use suitable tools. Use special tools if specified.
Use lifting equipment and tools in the correct manner.

Use suitable protective equipment (hard hat, safety goggles, safety shoes,
safety gloves, for example).

Do not stand under hanging loads.

Immediately clean up any spilled liquids from the floor due to the risk of
slipping.

Batteries consist of active chemicals in a solid housing. Therefore, improper
handling can cause injury or property damage.

Risk of injury by improper handling!

Do not attempt to reactivate low batteries by heating or other methods (risk
of explosion and cauterization).

Do not attempt to recharge the batteries as this may cause leakage or
explosion.

Do not throw batteries into open flames.
Do not dismantle batteries.

When replacing the battery/batteries, do not damage the electrical parts
installed in the devices.

Only use the battery types specified for the product.

Environmental protection and disposal! The batteries contained in
the product are considered dangerous goods during land, air, and
sea transport (risk of explosion) in the sense of the legal regulations.
Dispose of used batteries separately from other waste. Observe the
national regulations of your country.

3.3.8 Protection Against Pressurized Systems

According to the information given in the Project Planning Manuals, motors and
components cooled with liquids and compressed air can be partially supplied
with externally fed, pressurized media, such as compressed air, hydraulics oil,
cooling liquids and cooling lubricants. Improper handling of the connected sup-
ply systems, supply lines or connections can cause injuries or property damage.

Risk of injury by improper handling of pressurized lines!

Do not attempt to disconnect, open or cut pressurized lines (risk of explo-
sion).

Observe the respective manufacturer's operating instructions.
Before dismounting lines, relieve pressure and empty medium.

Use suitable protective equipment (safety goggles, safety shoes, safety
gloves, for example).

Immediately clean up any spilled liquids from the floor due to the risk of
slipping.
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B

Environmental protection and disposal! The agents (e.g., fluids)
used to operate the product might not be environmentally friendly.
Dispose of agents harmful to the environment separately from other
waste. Observe the national regulations of your country.

3.4 Explanation of Signal Words and the Safety Alert Symbol

The Safety Instructions in the available application documentation contain spe-
cific signal words (DANGER, WARNING, CAUTION or NOTICE) and, where
required, a safety alert symbol (in accordance with ANSI Z535.6-2006).

The signal word is meant to draw the reader's attention to the safety instruction
and identifies the hazard severity.

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

A DANGER

In case of non-compliance with this safety instruction, death or serious injury
will occur.

A WARNING

In case of non-compliance with this safety instruction, death or serious injury
could occur.

A CAUTION

In case of non-compliance with this safety instruction, minor or moderate injury
could occur.

NOTICE

In case of non-compliance with this safety instruction, property damage could
occur.
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Firmware and Hardware Requirements

Using the drive-integrated PLC (Rexroth IndraMotion MLD-S/M) requires the
following hardware/firmware combinations:

Control section for IndraDrive C/M:

CSHO01.*C (as of FWA-INDRV-MPHO2VRS)
CSB01.1** (as of FWA-INDRV-MPBO03VRS)

IndraDrive Cs:

HCSO01 (as of FWA-INDRV-MPB17VRS)

I

With BASIC control sections (CSB01.1), using MLD-S has only
been enabled for self-contained Bosch Rexroth system solutions
("technology functions™")! MLD is not available for double-axis devi-
ces (HMDO1.1 with CDB01.1C).

As of firmware MPH04V06, IndraMotion MLD is available as a multi-
axis PLC (MLD-M). Access to remote axes (CCD slaves) requires
the control section hardware CSHO01.2C (firmware versions
MPHO04/05VRS) or CSH01.3C (firmware version >= MPCO6VRS)
and the enabling of the functional firmware package "ML".

I

Using the PLC functionality does not require any special optional
card or control section configuration, because it is a PLC that is
running in parallel in the drive processor in the real-time kernel.

Enabling of Functional Packages

In addition to the functional package "Closed Loop", the functional package
"IndraMotion MLD" (drive PLC) must have been enabled in the drive so that
IndraMotion MLD can be used.
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Fig.4-1. IndraWorks Dialog fo Enable the Functional Package "IndraMotion
MLD" (Drive PLC)
Possible configurations of IndraMotion MLD
®  TF: IndraMotion MLD for using the self-contained Bosch Rexroth system
solutions (technology functions) (with MPB firmware)
e  ML: IndraMotion MLD for free programming of the single axis; including
the use of the technology functions (with MPH/C firmware)
e  MA: IndraMotion MLD Advanced for multi-axis systems (MLD-M) and
turnkey solutions (with MPH/C firmware)
To implement the individual application examples, it might possibly be neces-
sary to enable another functional package. This will be described within the
corresponding chapter.
ISy It is only allowed to enable licensed functional packages!
4.3 Programming

We assume that you basically know how to handle the IndraLogic commis-
sioning software. For more information, see the following documentations:

. IndraMotion MLD - Getting Started "R911319306"
o Rexroth IndraMotion MLD "R911306084"

The MLD applications examples are available on the following media:
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e Installation data carrier IndraWorks MLD in the "AddOns" directory
®  Media directory
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5 Double-Axis Positioning Control (Pick and Place)

5.1 Task Definition — Application Description
5.1.1 General Information

Workpieces are to be moved from one place to another place. The required
axis motions are to be carried out one after the other. In addition, the control
(digital output) and feedback (digital input) of the pneumatic picker are to be
handled via IndraMotion MLD. The procedure is to be started via a switch-key
which is read in at a digital input at the master.

Control ("close" picker, "open" picker) and feedback (picker "closed") for the
pneumatic picker are to be controlled via digital inputs/outputs at the SERCOS
slave. This sets the additional task to access remote inputs/outputs with MLD.

5.1.2 Mechanical Configuration

The figure below illustrates the mechanical scheme of the double-axis posi-
tioning control "Pick and Place".
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Fig.5-1: Mechanical Scheme of the Application "Pick and Place”
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5.1.3

Sequence of Motion

The chronological diagram below illustrates the sequence of motion of the dou-
ble-axis positioning control "Pick and Place".

1
StartAutomatic | I

PickerCloseCmd

E ®

PickerOpenCmd

|
1
|
|
l
|
|
PickerCloseAct |
T
|
|
]
|
|
|

Velocity Y-axis

Velocity picker

/ \ |
Velocity X-axis
|
|
|
|
|
|
|
|
|
1

DEOO0198v0 _en ik

1 Pick up product

2 Transport to placing position

3 Return to start position

Fig.5-2: Sequence of Motion of the Application "Pick and Place"

Step 1:

Upon a positive edge at the "bStartAutomatic" input (P-0-1390, bit 0, %I1X0.0),
the X- and Y-axes are switched to enable. The X-axis first and then the Y-axis
move to the picking position. When the 1st positioning process of both axes has
been completed, the "bPickerCloseCmd" output (P-0-1411, bit 8, %QX1.8) is
set whereby the picker closes and takes up the workpiece.

Step 2:

When the picker has closed, this is signaled by the feedback "bPickerClo-
seAct" (P-0-1440, bit 1, %1X50.1) and the movement to the placing position is
carried out. In this case, it is first the Y-axis and then the X-axis which is moved.
When the placing position has been reached, the "bPickerOpenCmd" output
(P-0-1411, bit 9, %QX1.9) is set upon which the picker opens and places the
workpiece.

Step 3:

The 0-signal of the "bPickerCloseAct" input (P-0-1440, bit 1, %IX50.1) signals
that the picker has opened and this triggers the movement to the start position.
For this purpose, it is first the Y-axis and then the X-axis which positions. When
the travel process has been completed, the enable signal is removed at the
axes.

Starting from the basic parameters, you have to make some fundamental set-
tings for the example of application "Pick and Place". The following paragraphs
will explain these settings in short form.
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Mechanical Data  According to the mechanical configuration, you have to set the scaling, gear
and feed constant for the X- and Y-axes.
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Fig.5-3: Example: Mechanical Data for X-Axis

CCD Configuration  First you have to activate the CCD communication and select the MLD-M sys-
tem mode. The axis with address "4" has been configured as CCD slave (Y-
axis).
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Fig.5-4. IndraWorks Dialog for CCD Settings
The resulting axis addressing in MLD-M is:
®  X-axis (axis address 2) - Axis 1 in MLD
®  Y-axis (axis address 4) - Axis 2 in MLD
MLD Configuration  In the drive PLC, you have to select permanent control for the CCD master.
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Fig.5-5: IndraWorks Dialog for MLD Configuration
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Configuring the Digital Inputs/Out-  The digital inputs and outputs at the terminals X31/32 have to be parameterized
puts at the Master gt the X-axis (CCD master) in accordance with the following IndraWorks dialog.
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X31.3 P-0-1390, bit 0 (%1X0.0) — bStartAutomatic
X31.4 P-0-1390, bit 1 (%1X0.1) - bProgramReset
Fig.5-6: Configuration "X31" of X-Axis (CCD Master)
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X32.3 P-0-1410, bit 0 (%QX0.0) — bPickerActive
Fig.5-7: Configuration "X32" of X-Axis (CCD Master)

Configuring the Digital Inputs/Out-  The digital inputs and outputs at X31/32 have to be parameterized at the Y-axis
puts atthe Slave  (CCD slave) in accordance with the following IndraWorks dialog.



26/97 Bosch Rexroth AG DOK-INDRV*-MLD-APPLI**-AW02-EN-P
Rexroth IndraDrive Rexroth IndraMotion MLD Application Examples

Double-Axis Positioning Control (Pick and Place)

Praject Duagostics  Took  Window el
gl mBlo ook @imomonws B:im 257 im

& @
i

1/00C3L 32 - st [4] ¥-hichee [4] ¥-Achse

- B Apphtaboneiample Pach, and Place_M PR

= My Inchackien [213 Achss [1] }Achan s [4] T-ichse [4] v-fdhee LA R SR
F Poveer Supply iy
- e o1 2] domn_1 [2] i Ackee
R Vi Master Auin Geresstor [Vmdsitlni] =B e |
i Meamnrg Ercoder [Rimdes]
F Cam Seich — ] Fadl Ei =0
) MLD 1 — i |FOo15: Device conteok st woed =l =
) Locsl LD — 2 = Reif]
T Sevcoa i IEL0] —el 3 (01 5-0-0000 : Hot Ass o =
S By Aoz [8] YoAchen [4] ke ('_D__ - | . 2 2 D
b Poes Sl O —= 4 [L2  [S0:0000 HotAssigned =ljo =
@ Hoti_2 (4] sae_2 4] T Achen 0 —=f &[5 [PO0222 Travelrange hmk swhch ngus =ljo =l
3 MLD .
= Local /D3 0 —= 65 |14  [POOZZ Tiavel sarge bt swch gt ==
- [ESIEEA 0 —=f 7|15 [G0000 Home stch =0 =
“g= Aimsliog Irput XTI = M3 s
", Analog Duipul Asvignment A 532 RHY— 8 [E2EW
. Analog Duput Assigrment B 912 ov—{ 5 [0V et
DBO0027Ew01_en
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Fig.5-8: Configuration "X31" of Y-Axis (CCD Slave)

You can simply configure a dummy parameter for the digital input "I_1" of the
CCD slave, because the status of the input is copied directly from parameter
P-0-0303 (signal status of the digital inputs) to the CCD master (see also figure
"Configuring the Distributed Inputs/Outputs").
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X32.6 P-0-0304, — bit 8 bPickerCloseCmd
X32.7 P-0-0304, bit 9 - bPickerOpenCmd
Fig.5-9: Configuration "X32" of Y-Axis (CCD Slave)

The digital outputs only have to be configured as outputs and a dummy pa-
rameter can be assigned to them as it is done for the inputs. The status of the
output is influenced by the CCD master by direct writing of the parameter
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P-0-0304 (signal status of the digital outputs) (see also figure "Configuring the
Distributed Inputs/Outputs").

Configuring the "Distributed Inputs/  The settings shown in the following IndraWorks dialog are required to transmit
Outputs”  the input which has been read in from the Y-axis (CCD slave) to the X-axis
(CCD master) or to set the outputs at the Y-axis (CCD slave) from the MLD-M

of the X-axis (CCD master).
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Fig.5-10: IndraWorks Dialog for Configuring the Distributed Inputs/Outputs

In the application example, the parameter P-0-1411 is written by MLD-M. By
the above-mentioned configuration, this parameter directly takes effect on the
status of the digital outputs (P-0-0304) in the Y-axis (CCD slave).

The status of the digital inputs of the CCD slave (P-0-0303) is copied to the
parameter P-0-1440 of the CCD master and evaluated there by MLD-M. As the
parameter P-0-0303 is a 32-bit value, it has to be assigned to a 32-bit process
image register, such as parameter P-0-1440.

You have to observe in which bits the corresponding terminals take effect. For
example, the output "I/O_8" which is used has to be addressed in the CCD slave
via bit 8 of the parameter P-0-0304.

[E See also Parameter Description for "P-0-0303, Digital I/Os, inputs" and
"P-0-0304, Digital 1/0s, outputs"
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5.2

Programming

1. Variable declaration

In the variable declaration, the variables which are used are created and
assigned to the inputs and outputs.

PROGRAM PLC_PRG

VAR
bStartiutomatic : BOOL (*P-0-1390, Bic0~™);
bProgramnPeset : BOOL (*P-0-1390, Bitl~*).;
bPickerCloselect : BOOL {*P-0-1440, Bictl~™);
bPickexrictiv W : BOOL (*P-0-1410, Bic0*);
bPickerCloseCud AT %QXl.8 : BOOL {(*P-0-141l1l, Bics8~*).;
bPickerOpenCud AT %QX1.9 : BOOL {*P=0-=1411, Bic9*);
iStep : INT:
bScarc : BOOL;
fbétarctEdge : R_TRIG;
tbHC_PowerXAxis : HNC_Power;
fbHMC_ PowerYAxis : MC_Power;
fbHX HMoveAbsoluteXAxis : MX_Movelbsolute;
tbHX MoveiAbsoluteYAxis : X _Movelbsolute;

END_VAR

DBO00ZE1v01_nn.tif

Fig.5-11: Variable Declaration

2. Initialization

In the first initialization step, all variables or function blocks are brought to

a defined status.

D00l (*Reszec of Motiom funccion blocks and varisblesz, if Picker
0002 |IF NOT bPickerhecciv OR bProgramPeser THEN
0003 B0 HovelbsoluceXinis (Execure:s FALSE,
0004 Axis:w Axiszl);
0o00s BN HovedbsoluceYhAxis (Execute:m FALSE,
000s Avis:w Auds?);
0007

oooe fBHC PowerXixis (Enable:wFALSE

0008 Axis:w Axisl):

QoLro fbMC PowerYhxis (Enable:wFALEE |

0011 Axiz:w Axiz?);

0012

0oLz izcep:=0;

0014 bPickerActiv: sFALSE;

0015 bPickerCloseCmd: L\LEE;

0ale bPickerOpenCmd: s FALSE;

0017 [END IF

ools

iz not actcive or ProgramBRessac™)

DBOOD282v01_nn

Fig.5-12: Initialization

3. Generating the start edge

After a positive edge at the "bStartAutomatic" input (P-0-1390, bit O,
%1X0.0), the automatic sequence of steps is processed.




DOK-INDRV*-MLD-APPLI**-AW02-EN-P

Bosch Rexroth AG 29/97

Rexroth IndraDrive Rexroth IndraMotion MLD Application Examples

Double-Axis Positioning Control (Pick and Place)

0019 | (*Generating a positive Edge for start?*)
0020 |fbStartEdge (CLK: = bStartAutomatic , Q=>b&tart);
0021
0022 |IF (bStart OR bPickerlctiv) AND NOT bProgramReset THEN
0023 | CASE iStep OF
0024
DB0O00283v01_nn

Fig.5-13: Starting the Application "Pick und Place"”
4. Setting drive enable

In the first step (step 0), the X- and Y-axes are switched to enable. When

the axes are in control, the program jumps to the next step.
00zs 0: (*Enable the X-Axis and Y-Axis?*)
D0zZé fbMC_ PowerXixis (Enable:=TRUE
0027 Axis:= Axisl);
oozs fbMC_PowerYAxis (Enable:=TRUE ,
00z9 Axis:= AxisZ);
0020
0031 {(*Setting State: Picker activ®)
0032 bPickerdctiv = TRUE;
0033
0034 {(*if Picker closed -> next step*)
0035 IF f{bMC_PowerYhxis.Status THEN
0036 iStep := 10;
0037 END_IF
0ozs

DB0002584v01_nn

Fig.5-14:

Step 0: Setting Drive Enable

. Moving to the picking position

In the second step (step 10), it is first the X-axis and then the Y-axis which
move to the picking position. When the 1st positioning process of the axes
has been completed, the "bPickerCloseCmd" output (P-0-1411, bit 8,
%QX1.8) is set. The picker closes and the workpiece is taken up. When
the picker has closed, this is signaled by the feedback "bPickerClo-
seAct" (P-0-1440, bit 1, %I1X50.1) and the program switches to the next
step.
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Do40 10: {*Positioning to pick posicion™)
0041 {*lst movement of X-Axis*)
D042 fhIl{ Mowvelbsolutelixis |
0043 Execute:= TRUE,
Do44 Positcion:= S500*10000,
D045 Velocitvy:= 1000,
Do04ds Acceleration:=1000 ,
0047 Deceleration:= 1000,
oo4ag Axis:=Axisl);
0043 {*lst movement of Y-Axis, if positionig of X-Axis is finished?®)
Doso bl MowvelbsoluteYAxis |
D051 Execute:= (bl MoveAbsoluteXixis.Done,
Qo5 Position:= -1l00*10000,
0053 Velocity:= 1000,
0054 Acceleration:=1000
D0ES Daceleration:= 1000,
0056 Axis:=AxisZ);
0057
00ss {*if T-Axis is finished, set Command Close Picker®)
posa IF fbIX MovehAbsoluteYAxis.Done THEN
oos0 bPickerCloseCmnd := TRUE;
nosl
0062 (*if Picker closed => next step; reset motion function blocksT)
D0&3 IF bPickerCloselict THEN
Dos4 iScep = 20;
0065
DOE6 thil{ MovehibsoluteXAxis (Execute:= FALSE,
00&7 Axig:= Awisl);
ooes bl MovelbsoluteYAxis (Execute:= FALSE,
003 Axis: = AxisZ):
0070 END _IF
007l END_IF
CB000Z285v01_nn
Fig.5-15: Step 10: Moving to the Picking Position

6. Moving to the placing position

In the third step (step 20), the movement to the placing position is carried
out. In this case, it is first the Y-axis and then the X-axis which is moved.
When the placing position has been reached, the "bPickerOpenCmd" out-
put (P-0-1411, bit 9, %QX1.9) is set. The picker opens and the workpiece
is placed. The "bPickerCloseAct" input (P-0-1440, bit 1, %IX50.1) signals
that the picker has opened and the program switches to the next step.



DOK-INDRV*-MLD-APPLI**-AW02-EN-P
Rexroth IndraDrive Rexroth IndraMotion MLD Application Examples

Bosch Rexroth AG 31/97

Double-Axis Positioning Control (Pick and Place)

0073 20: {*Positioning to place position™)
Q074 {*Reser Command clsoe Picker™)
0075 bPickerCloseCnd := FALZE;
0076
0077 {*Znd movement of YT-Axis¥)
oo7s fhIl{ MovelbsoluteYixis(
00739 Execute:= TRUE,
Qo080 Position:= -50%10000,
0081 Velocity:= 1000,
oosZ Acceleration:=1000 .,
0083 Deceleration:= 1000,
0054 Axdis:=hwisZ);
0085 (*Znd movement of H-Axis, if positionig of Y-Axis is finished*)
0086 fbMX MovelbsoluteXAxis(
ooge? Execute:= fbMX HovelbsoluteYAxis.Done,
0DES Pozition:= 1000*10000,
00839 Velocity:= 1000,
0050 Acceleration:=1000 ,
0051 Deceleration:= 1000,
00sSZ Axis:=Axisl);
0033
0S4 {*if H-Axis is finished, set Command Open Picker®)
00ss IF fhl'D{_HDveAhsulutexAxis_Dnne THEN
0096 bPickerOpenCumd := TRUE;
0097
0oss (*1if Picker opern =-> next step; reset notion function blocksr)
ooss IF NOT bPickerClosehct THEN
0100 iStep := 30:
0101
0loz oI Movelbsolutexixis (Execute:= FALZE,
0103 Axis:= Axisl);
0l04 thif{ HovebbsoluteYAxis (Execute:= FALZE,
0lo05 Axis:= Axis2);
0106 END_IF
0107 END_IF
0108
0DBO002E88v01_nn
Fig.5-16: Step 20: Moving to the Placing Position
7. Moving to the start position

In the fourth step (step 30), it is first the Y-axis and then the X-axis which
move to the start position. When the travel process has been completed,
the program switches to the next step.
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0109 30: {(*Posicieoning co stcart position™)
o110 (*Reset Command open Ficker™)
0111 bPickerOpenCmd := FALZE;
ollz
olL1l3 {*3rd, movement of T=AxisT)
0114 fhif MoveAbszslureYhziz(
0lls Execute:= TRUE,
116 Posicion:= 0O,
o117 Welocivy:= 1000,
olle hecelaration:=1000 ,
oL1% Degeleracion:= 1000,
0lzZ0 Axis:=Axisl);
0121 {*3rd moveament of XN-Axiz, 1f pogictiondg of Y-Axis i finishad®)
0122 fbiti_Hovehibsoluterhzis |
olz3 Execiuace:=s !hlﬂ{_l{ﬂv-khsulul:..?k:is.D'n;ln.e,
01z4 Posicionz= 0,
OlZ5 Walocity:= 1000,
0l2& heeceleracion:=1000 ,
0127 Deceleration:= 1000,
0lzg hxis:=mhxisl) ;
0129
o120 {*if positionig of X=Axis is finished -* next step; reset motion function blocks™}
0131 IF fhiX HoveAbsolureXixis Dene THEN
o132 iStep = 100;
0133
0134 b _HoveldbsolucekAzis{Execuce:= FALSE,
0135 Azis:= Axisl);
0136 b HoveibsoluceYAzis{Execure:= FALSE,
0137 Axis:= Axisl);
0138
0139 END_IF
o140
DBO0DZEBTvO1_nn

Fig.5-17: Step 30: Moving to the Start Position

8. Resetting the sequence of steps

In the fifth step (step 100), the "bPickerActiv" signal and the sequence of
steps are reset. The sequence of steps must be restarted. Step 40 has
been prepared for further functionality and can be included by the corre-
sponding changes in the program. Step 99 has been prepared for an error
reaction, but the reaction has not been programmed in this example of
application.

0141 40: {(*free step for further functionality*);

0143 99: (*Errorhandling®*)
0144 iStep := 100;

0146 100: (*Restet State: Picker activ?™)
0147 bPickerdctiv := FALSE;

0149 iStep == 0;

0151 END_CASE
0152 |[END_IF

DB000288v01_nn

Fig.5-18: Step 100: Resetting the Sequence of Steps
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and Testing

For commissioning and testing, the following steps have to be carried out:

1.
2.
3.

6.

Compile program and then load it to drive
Start drive PLC

Switch both axes to operating mode (OM); clear any present error mes-
sages via "Esc" key

Switch power on —» axes must show the status "Ab"

Establish position data reference for both axes (e.g. " set absolute posi-
tion")

Application can be started via input "I_1" at CCD master

Visualization and Diagnostics

There are different options for visualizing the signals:

Online display
IndraLogic trace function
Oscilloscope function of the drive

Trace
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Fig.5-19: Sampling Trace via Indralogic
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Fig.5-20: Oscilloscope Recording of X-Axis
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6 Intelligent Error Reaction
6.1 Task Definition - Application Description

I This is an exemplary project for an error reaction by IndraMotion
MLD and MPx04 firmware. By means of this example, we will de-
scribe the basic options of an MLD error reaction. When used in
real machines, the error reaction requires application-specific ad-
justments!

Task Definition  \When an error occurs (F2xxx, F3xxx or F4xxx), an intelligent error reaction is
to be carried out by means of IndraMotion MLD. As the standard error reaction
"best possible deceleration" is unsuitable, a local error reaction is to take place,
particularly when the master communication fails (F4009).

= The intelligent error reaction does not work when errors of the error
classes F8xxx, F7xxx and F6xxx occur! In these cases, it is always
the error reaction defined by the drive which is carried out (see sec-
tion "Error Reactions" in the Functional Description of the
IndraDrive firmware).

Function  The figure below contains an overview of the functional structure of MLD's ap-
plication example "intelligent error reaction".

bEnable 2
/10 - MLD
. bStart -
11 — P-0-1390, bit 0 B Error reaction:
2 — P-0-1390, bit 1 analogVelocity - Error detection
14/5 — P-0-1374 . G - Positioning
08 « P-0-1410, bit 0 - - Analog velocity input
Og € P'0'1410, b“ 1 _ binPos
MC_Power
MC_Stop
MX_SetControl
MC_MoveAbsolute
MC_Move Velocity
Master - IndraDrive
communication fipcass caia
DFO00383v01_en.fh
Fig.6-1. Structural Overview of the Application Example

The intelligent error reaction is characterized by the following features:

e  The error reaction can be parameterized or controlled via global registers
(P-0-1370 ff.), as well as analog and digital inputs at the control section.

e Via an analog input, a velocity command value can be preset with which
the drive continues moving after an error has occurred (e.g. for stirring
machines).
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As an alternative, the drive moves to a defined absolute position, when a
digital input is set.

Removing the Enable signal at the digital input terminates/aborts the error
reaction of the drive.

When the cause of the error is removed within 30 s after the error has
occurred, and the error message is cleared, the reaction can take longer
than 30 s (e.g. analog velocity input). Otherwise, the drive aborts the MLD
error reaction after 30 s by means of best possible deceleration when an
error is present.

Observe the following aspects when using the MLD application "intelligent error
reaction":

During the entire error reaction of the drive, MLD has control over the axis.
Only upon abortion/end of reaction is control ceded to the external control
unit (via master communication).

In order that MLD can react to an error with the corresponding reaction/
motion, the respective error reaction must have been set in the drive (see
below).

The error reaction described in this application example may only
be used with the MPx04 firmware.

As of firmware version MPx05, the "easy startup mode" is available
for the local emergency mode in case master communication fails
(see "Setting-Up Mode (Easy Startup Mode)" and "Local Mode" in
the section "Operating Modes of Master Communication" of the
Functional Description MPx05).

The chronological diagram below illustrates the sequence of motion of the in-
telligent error reaction.
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Fig.6-2:

Error detection

Positioning

Analog velocity input

Sequence of Motion of the Application "Intelligent Error Reaction"

Step 1: Error detection

As soon as the function has been activated via the Enable signal "bEna-
ble" (P-0-1390, bit 0, %IX0.0), the feedback takes place with "bAc-
tive" (P-0-1410, bit 0, %QXO0.0). Afterwards, permanent monitoring checks
whether a new drive error has occurred and whether a reaction to an occurred
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error is to take place. According to the settings, the parameterized reaction is
carried out. The setting as to which error class the reaction is to take place is
made in the parameter P-0-1370, bit 1 to 3 (bit 1: reaction to F2xxx; bit 2: re-
action to F3xxx; bit 3: reaction to F4xxx). In bit O, set the type of reaction, that
is the moving to a return position or an analog velocity input.

Step 2: Positioning

If the moving to a preset return position is to be the reaction to the error which
is present, the program waits for a rising edge of "bStart" (P-0-1390, bit 1,
%I1X0.1). After the rising edge has been detected, MLD takes control and the
drive moves to the position set in P-0-1372. When the position has been
reached, this is signaled with "bInPos" (P-0-1410, bit 1, %QXO0.1). Afterwards,
control is ceded to the master communication and the error reaction has been
completed.

Step 3: Analog velocity input

If the error reaction is to be such that the axis follows an analog velocity com-
mand value, the program waits for a rising edge of "bStart" (P-0-1390, bit 1,
%I1X0.1). After the rising edge has been detected, MLD takes control and the
drive follows the velocity value preset in parameter P-0-1374 via the analog
input. In the case of a negative edge of the Enable signal "bEnable" (P-0-1390,
bit 0, %I1X0.0), the drive no longer follows the analog command value input and
is stopped. Control is ceded to the master communication and the error reaction
has been completed.
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6.2 Parameterizing/Configuring the Drive

Starting from the basic parameters, you have to make some fundamental set-
tings for the example of application "intelligent error reaction"; the following
paragraphs will only give a brief explanation of these fundamental settings.

ISy The global registers used for parameterizing the error reaction
mustn't have been configured in the cyclic data, because otherwise
these parameters are set to zero when the master communication
fails.

Error Reaction  Parameter setting of the error reaction of the drive. This is necessary so that
the drive PLC can carry out the corresponding reaction/motion in spite of the
drive error being present.

Project Explorer & x Error Reaction Drive - Achse [1.... |

= \
N ‘-d I:-ml:;?'aml:i?eﬂ 1] Anwendungsart Achse [1.1] Anwendungsart | ookt s : "
=3 Pﬁ:ﬂa:fﬁnwmdungsart —Drive reaction 1o efror
B Motor: tempersture / braks € Immediately ‘Best possible deceleration
& () Measuring systems (" External NC reaction for 30 s, then best possible deceleration

P Scaling / unds
P Scaling / unis extended
B Mechanical gear

( * Internal MLD reaction for 30 s, then best possible deceleration )

&[5 Control —Best possible deceleration

P Operating modes ¥ Velocity command value reset ("emergency halt”)

P Status messages settings

b Drive Hak " Torque disable
= D Create position data refere " Velocity command value reset with filter and ramp ("quick stop”)
= [ Emor reaction

| M Error reaction drive

P Emorreaction power s

P E-Stop function
b Motion limi values My dhacalerabie B 10000 ms

& ) Compensation functions /
P Posttion spindle
b Drivedintegrated command
b Parameter set switching

- ) Driveintegrated safety tec
p Fosition switch point
Pl Probe

& [ MLD

- [ Local 1O

— Emergency halt

DB000423v01_en

Fig.6-3: IndraWorks Dialog for Parameterizing the Error Reaction

Mechanical Data  According to the mechanical configuration, you have to set the scaling, gear
and feed constant.
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MLD Configuration

Fig.6-4. IndraWorks Dialog for Setting the Mechanical Data (Example)

The drive PLC does not have permanent control. Motion and control in "normal
operation" take place via the master communication. The drive PLC takes over
control only for the error reaction.
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Fig.6-5: IndraWorks Dialog for MLD Configuration

IndraWorks Engineering - Display Format Registers Gx - HCS02.1 [1] Default
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Fig.6-6: MLD Configuration Display Format "Register Gx"

Configuring the Digital I/Os  The screenshot below shows the IndraWorks dialog for setting the digital inputs/
outputs (X31/X32).
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X31.3 P-0-1390, bit 0 (%1X0.0) bEnable
X31.4 P-0-1390, bit 1 (%IX0.1) bStart
X32.6 P-0-1410, bit 0 (%QX0.0) bActive
X32.7 P-0-1410, bit 0 (%QX0.1) binPos
Fig.6-7: IndraWorks Dialog for Configuring the Digital Inputs/Outputs X31/X32

The states of the digital inputs are evaluated by assigning the bits of P-0-1390
directly in MLD.

In the application example, the parameter P-0-1410 is written by the drive PLC.
By the assignment shown above, this parameter directly takes effect on the
digital outputs.

Configuring the Analog Input  The screenshot below shows the IndraWorks dialog for setting the analog input.
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Fig.6-8: IndraWorks Dialog for Configuring the Analog Input

Via the analog input, an analog velocity command value is input in the global
register of the drive PLC (P-0-1374).



44/97 Bosch Rexroth AG

Intelligent Error Reaction

6.3 Programming

DOK-INDRV*-MLD-APPLI**-AW02-EN-P
Rexroth IndraDrive Rexroth IndraMotion MLD Application Examples

1. Variable declaration

In the variable declaration, the variables which are used are created and
assigned to the inputs and outputs.

PROGRAM errorreaction

VAR
bEnable AT%I[40.0 : BOOL; (*P-0-1390, Bit 0: enablefabont*)
bStan AT%IX0.1 : BOOL; ("P-0-1390: Bit 1: startreaction™)
bActive AT%QX0.0: BOOL; (*P-0-1410, Bit 0: monitoring activ®)
binPos  AT%CX0.1: BOOL; ("P-0-1410, Bit 1: inposition®
iStep: INT;

EMD_VAR

diDiagnosticMumber: DINT;
dwErraornumber: DWORD:

fbR_TRIG: R_TRIG:

folX_SetContral: MX_SetControl;
MC_Stop: MC_Stop;

bMC_Power: MC_Power:
fMC_MoveAbsolute: MC_Movesbsolute;
M C_Move\elocity: MC_MoveVelocity,

DBO00414v01_nn

Fig.6-9: Variable Declaration

Error detection

When the function for error reaction has been activated via "bEna-
ble" (P-0-1390, bit 0, %I1X0.0), "bActive" is set (P-0-1410, bit 0, %QX0.0)
in the first step (Step 0). If a new drive error is then detected (P-0-0115, 0
- 1in bit 13 and S-0-0390 — F2xxx/F3xxx/F4xxx) to which a reaction is to
take place (P-0-1370, bit 1 to 3), the function blocks required for the re-
action and "blnPos" (P-0-1410, bit 1, %QX0.1) are reset and the program
jumps to the next step.

CASE iStep OF
i} |_'|||‘:l|:lr'_-||"'|-_;l
IF bEnable THEN (“error reaction enabled”
bactive .= TRLIE;

IF BR_TRIG.Q AND(

*status” functionality enabled®
bR_TRIGICLK=EXTRACT(DINT_TO_DWORD (DV_P_0_0115],13] . Q=>];
dwErromumber =0INT_TO_DWORD(DY_S_0_0390} AND 168FF000

{dwEmomumber = 168F 2000} AND EXTRACTIDINT_TO_DWORD (DV_P_0_13701.1)
OR (dwEmornumber = 162F3000] AND EXTRACT{DINT_TO_DWORD (DV_P_0_1370).2)
OR (dwEmomumber = 168F4000) AND EXTRACTIDINT _TO_DWORD (DV_P_0_1370).3)) ("F4xx aciive, F 4o reaction configured™)

THEN
binFos = FALSE;
bX_SelControl(Execule;= FALSE Amis =axis1){"resel FB*
mBMC_Poweal|Enable:=FALSE Axis'= axis1); (“resel FB*
MC_Stop(Execute:=FALSE Axis=axis1], (‘reselFE"
MBMC_Movesbsolute(Execute= FALSE Axis'=axis1 |,  (“resel FB*)
iStep = 10;  ("next step: drive conirol 1o divePLC"
EMD_IF
ELSE
bactive =FALSE: ("Ermor reaction disabled®)
END_IF

("edgedetection on emorbit in P-0=0115, Bil 13%)
(“delection of erromumber Fx*

(*F 20 aclive, F2oxx reaction configured®

fi eanfigured®

(*F oot achive, F o0 raac

0B000415w01_nn

Fig.6-10: Step 0: Error Detection
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3. Taking control to the drive PLC

As long as "bEnable" has been set, the program in step 2 (Step 10) waits
for a rising edge of "bStart" (P-0-1390, bit 1, %IX0.1). After the edge has
been detected, MLD gets control. As soon as IndraMotion MLD has con-
trol, the program jumps to the step with the corresponding reaction,
depending on the configured type of reaction (P-0-1370, bit 0). When
"bEnable" was reset, the error reaction is completed in Step 100 (see be-
low).

10: (*drive control to drivePLC™)
IF bEnable THEM (*error reaction enabled™)
fbR_TRIG(CLK:=bStarn , Q==]; (“"edgedetection for start of reaction®
IF BR_TRIG.Q OR folX_SetControl Execute THEN
foMX_SetControl{Execute:= TRUE PLCControl:= TRUE Axis:=axis1); ("drive control to drivePLC")
END_IF
IF ioMX_SetConirol. PLCControlStal THEM  (*drive control in drive PLC*)
IF EXTRACT(DINT_TO_DWORD (DV_P_0_1370),0) THEMN ("kind of reaction®)
iStep:=20; (*next Step: return motion®)
ELSE
iStep:=30; ("next Step: constant velocity”
END_IF
END_IF
ELSE ("emor reaclion disabled®
iStep ;= 100; (*next step: error reaction disabledfinished*)
END_IF
DB000416v01_nn

Fig.6-11: Step 10: Setting Drive Enable

4. Positioning

As long as "bEnable" has been set, the return motion is started or pro-
cessed in step 3 (Step 20). When the return position has been reached,
i.e. when "bInPos" (P-0-1410, bit 1, %QX0.1) has been set or "bEnable"
was reset, the error reaction is completed in Step 100 (see below).

20: (*returmn motion™)
IF bEnable AND MNOT binPos THEM (*error reaction enabled and position not reached®)
fBMC_MoveAbsolute(
Execute:= TRUE,
Position;= DINT_TO_REAL(DV_P_0_1372],
Velocity:= 1000,
Acceleration:=1000 ,
Deceleration:= 1000,
Axis=axis1,
Done== binPos }; ("return motion®
ELSE ("error reaction disabled or position reached*)
iStep :=100; (*next step: error reaction disabledfinished")

END_IF
DBOD0417v01_nn. i

Fig.6-12: Step 20: Positioning

5. Analog velocity input
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As long as "bEnable" has been set, the drive moves in step 4 (Step 30)
with command velocity preset via the analog input and parameter
P-0-1374. When "bEnable" is reset, the error reaction is completed in Step
100 (see below).

30: ("constant velocity®

IF bEnable THEM (*error reaction enabled®
foMC_MoveVelocity(
Execute:= TRUE,
Velocity:= DINT_TO_REALIDV_P_0_1374),
Acceleration:=1000 ,
Daceleration:= 1000,
Axis:= Axs1 ), ("constant velocity®
ELSE ("error reaction disabled"
iStep :=100; (*next step: error reaction disabledfinished®
END_IF

DB000418v01_nn

Fig.6-13: Step 30: Analog Velocity Input

6. Error reaction aborted/completed

In the fifth step (Step 100), "bActive" is set to the value of "bEnable",
"bTriggered" is reset, the axis is stopped, the enable signal of the drive is
removed and the drive PLC cedes control. When control is no longer in
the drive PLC, the program jumps back to the monitoring step (Step 0).
Step 40 has been prepared for further functionality and can be included
by the corresponding changes in the program. "Step 99" has been pre-
pared for an additional error reaction, but it has not been programmed in
this example of application.

40: (*free step Tor further funclionality®
a9

100

END_CASE

*FB-arror reaction”

*error reaction disabledfnished®
bActive .= bEnable; ("slale of enable signal®
bTriggered ;= FALSE;
bMC_Stop(Execute:=TRLUE Deceleration = 1000 Axis =axis1}; (*stop aus *
eMC_Power(Enable:=HNOT foMC_Stop.Done Axds.= axs1], ("power off”
ehX_SetControl(Execute’= FALSE PLCControl= FALSE Axis:=axs1);
mkx_SetControl(Execute:= NOT MC_Power Status PLCControl:= FALSE Axis:=axs1)("drive control to master communication®
IF NOT foMX_SetControl PLCControlStal THEN

iStep = 0; ("nexd step: monitoring*)

EMND_IF

DBODO04158v01_nn

Fig.6-14: Step 100: Error Reaction Aborted/Completed
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6.4 Commissioning and Testing

For commissioning and testing, the following steps have to be carried out:
1. Compile program and then load it to drive
2. Start drive PLC

3. Switch axis to operating mode (OM); clear any present errors via "Esc"
key

4. Switch power and drive enable on - axes must show the status "AF"
5. Establish position data reference (e.g. set absolute position)
6. Configure function:

e Type of reaction (P-0-1370, bit 0); depends on type of error
(P-0-1370, bit 1-3)

®  Return position (P-0-1374)

® |n analog form, preset velocity via analog input | An+, | An- (X32/4,
X32/5)

7. Function can be enabled via input "[1" (X31/3).
8. Generate an error (e.g. F2021)
9. Start error reaction via input "12" (X31/4)

6.5 Visualization and Diagnostics

There are different options for visualizing the signals:
®  Online display

® |ndralogic trace function

®  Oscilloscope function of the drive
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Fig.6-15: Sampling Trace via Indralogic
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Fig.6-16: Oscilloscope Recording of the Axis
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7 Synchronous Multi-Axis Motion With Virtual Master Axis

7.1 Task Definition — Application Description
711 General Information

This part is based on the application example 1 "double-axis positioning control
(Pick and Place)". The following application example shows mechanisms of
how to realize synchronous multi-axis motions with IndraMotion MLD-M via the
CCD communication.

The example below illustrates master axis linking between virtual master axis
and real axes.

CCD master axis
Punching drive — Punch
realized via crank mechanism

CCD slave axis
Roll feed

1 _

W

DFO00377v01_en.fh

Fig.7-1: Simple Punching Machine With Roll Feed

Shaped pieces are to be punched out of a sheet metal strip. One drive (CCD
slave axis) carries out material feed and a second drive (CCD master axis)
moves the punching head via a crank mechanism. Material feed mustn't take
place during the actual punching operation. Only when the punching head has
left the material may the material be infed. MLD-M of the CCD master axis
controls or commands the axes.

71.2 Sequence of Motion

To avoid the collision of punching head and material when the operation modes
are activated, the two axes are aligned with one another.

The sequence of motion starts with the punching drive being moved to the po-
sition at which material feed is to start. For this purpose, the operation mode
"phase synchronization" is activated via the synchronous motion function block
"MB_GearlnPos" in the punching axis (CCD master axis). Simultaneously, the
virtual master axis (the virtual master axis is the master axis which the punching
drive and the roll drive follow synchronously) is moved to the start position of
the material feed (0 degrees) via the motion function block "MC_MoveAbso-
lute". When the start position has been reached and the punching drive has
absolutely synchronized to the master axis, the operation mode "electronic
motion profile" is activated for the roll feed axis (CCD slave axis) via the syn-
chronous motion function block "MB_MotionProfile". When the roll feed axis has
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relatively synchronized to the master axis, the virtual master axis is continu-
ously moved via the function block "MC_MoveVelocity".

The cyclic sequence of motion consists of two motion steps:
e  Motion step 1

Within this motion step, material feed from the master axis position "0 de-
grees" (master axis start position for material feed) to "180 de-
grees" (master axis end position for material feed) takes place.

e  Motion step 2

The second motion step defines the punching range. Within this range,
material feed mustn't take place. The punching range reaches from the
master axis end position for material feed (180 degrees) to the master axis
start position for material feed (0 degrees).

P-0-0053, Master axis position : F
220 jner. e ______________ ..........
O incr. : >
$-0-0051, Position feedback value 1 (punchi
360 degr. =
0 degr. ! >
S-0-0051, Position feed '_
360 degr J-v L iy : e e
0 degr. >
Step 1 Step 2 Step 1 Step 2 Step 1 Step 2
DKO00256v01_en.fh
Step 1 Material feed takes place from master axis position "0 increments" to
position "524288 increments"
Step 2 Punching takes place within this range

Fig.7-2: Sequence of Motion
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7.2 Parameterizing/Configuring the Drive
7.2.1 Overview

CCD master axis

Parallel interface

Virtual
master axis ruMn{_ir%e
generator
lP-0-0758
/ Format
converter B -Tolel I
| P-0-0761
P-0-0053

Phase
synchronization
l Electron.
. f motion
bifve profile

control
v

Drive
control

CCD slave axis
DF000376v01_en.th

Fig.7-3: Configuring the Application Example

Starting from basic parameters in the CCD master axis, you have to make some
fundamental settings for the example of application "synchronous multi-axis
motion with virtual master axis". These settings are described below.
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7.2.2 CCD Master Axis

Enabling of Functional Packages  This application example additionally requires the base package "Closed-
Loop" and the enabling of the optional functional package "Synchronization".

= It is only allowed to enable licensed functional packages!
P IndraWaorks Enginesring - Functional packages - CCD - Master Axis [1]--[1]— =100 x|
Fle Edk  Wew FProject CCD-Master Axic[1]~ [Diagnosticc Took Window Help
PR @lga = BT | Iﬂ!; o B 7)€y oom mﬂma
Functional packages - CCD - Masber Axis [1] - [1]-- x
CCD - Masber fodis [1] - [1] |le-"-l8 |9
% @ Achy T Start Cifine Parameterization Base package ClosedHoop N
i E{ :‘:a Update Offine Parameterization Optional funicbonsl packsge | [SNC - Syncheonization
B Cam| _ Functionsl Packages Addiive lunclional package Tk ahiction MLD veilh techrclogy funchions
=3 ML [P sattings
]
B Porameiers 4 Select Funchional Packages. . 7|
; Firmavare Management... = 2
£ ' N | Operating hows of control
W Delete - mi:nu.:mx;nuf enabing of  |B56:24.39
L Reqiames funct packagas
CR |
S Properties... Cusrent operaling houss of TTRETT)
\ [T PICFRG contied section |
Tasks
B Global warisbles
= Lecal 1103
=[] Sencozin [CCOY
B B Asds_2 [2] Defah =
P Fower Supply
4 Auis_ 2 [2] Defauk
* a Wil master s Qe alod
& Mearumg encodes =|
(Incraloge s tated -1 = 1]
0B000285v01_en
Fig.7-4. IndraWorks Dialog to Enable the Required Functional Packages for the
CCD Master Axis

Scaling Settings  The screenshot below shows the IndraWorks dialog for setting the scaling.
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Fig.7-5: IndraWorks Dialog of the Scaling Settings for the CCD Master Axis

CCD Configuration  Via the CCD communication (SERCOS IlI), MLD in the CCD master axis can

command the CCD master axis itself and up to 7 other CCD slave axes in the
MLD-M system mode.

With the MPx04 firmware, you must carry out the required configuration as fol-
lows:

In the Parameter "P-0-1601, CCD: Addresses of projected drives", enter
the addresses of the CCD slaves projected in the CCD group. For the
address of the CCD slave axis, see parameter "P-0-4025, Drive address
of master communication" of the corresponding CCD slave axis (or drive
display).

Cross communication (CCD) is activated by selecting "Cross Communi-
cation Drive active" in the IndraWorks dialog (see figure below). In addi-
tion, set the option "MLD-M in CCD master". The field "Available slaves"
lists the addresses from the parameter "P-0-1601". If not yet entered, ap-
ply them to the field "Projected slaves" and confirm with "Apply".
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Fig.7-6: IndraWorks Dialog of the Basic CCD Settings With MPx04 Firmware

With the MPx05 firmware, you must carry out the required configuration via the
corresponding window of the IndraWorks dialog (see screenshot):

1. Inthe field "Command master", select the option "MLD-M in CCD master".

2. Activate the CCD communication by ticking the check box "Cross Com-
munication Drive active".

— The automatic determination of the available slave address is carried
out (function "remote address assignment") and the results are entered in
the table "Projecting of Sercos slaves".

If you would not like to make any changes, confirm the entries found with
lIApplyll!

3. The automatically determined addresses can be changed in the field "Proj.
addr." and assigned to axes.

With "Assign Projected Addresses to Slaves", confirm the changes you
made manually.
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Fig.7-7: IndraWorks Dialog of the Basic CCD Settings With MPx05 Firmware

MLD Configuration  In the drive PLC, you have to select the option "permanent control" for the CCD
master. As the axis data structure "AxisData" is used, you must activate it, too
(see screenshot below).
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Fig.7-8: IndraWorks Dialog of MLD Configuration

The master axis position is derived from the value of the parameter "P-0-0758,
Virtual master axis, actual position value" of the virtual axis in the CCD master;
the real axes follow this master axis position (see figure "Configuring the Ap-
plication Example"). The virtual axis can be moved or positioned with the same
motion function blocks as the real axes (see also separate documentation
"IndraMotion MLD - Library Description"). The virtual actual position value is
available in the position data format (degrees, mm, inch), like the actual position
values of the real axes. The format of the master axis, which the real drives are
to follow, is 220 increments per master axis revolution. Via the functionality
"master axis format converter", which has been integrated in the IndraWorks
dialog "Master Axis Generator", you can, among other things, convert the con-
tent of the parameter "P-0-0758, Virtual master axis, actual position value" to
a master axis position. The converted value is available as "P-0-0761, Master
axis position for slave axis".

After the action "load basic parameters”, the parameter "P-0-0758, Virtual mas-
ter axis, actual position value" has to be entered for the master axis format
converter.
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Fig.7-9:
Signal Control Word

IndraWorks Dialog for Setting the Master Axis Generator

CCD master axis.

In the IndraWorks dialog shown below, configure the signal control word for the
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Establishing Reference
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Fig.7-10: IndraWorks Dialog for Configuring the Signal Control Word

With this setting, the bits in the parameter "P-0-1390, PLC input WORDO AT
%IB0" have the following significance:

e  Bit 0 - Start of the application (variable "bAutomatic_i")
e  Bit 1 - Emergency stop switch (variable "bEstop_i")

Carry out "set absolute position" procedure or "homing" for the actual position
value 1 (S-0-0051).
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7.2.3 CCD Slave Axis
Again starting from the completion of the action "load basic parameters", make
the following settings for the CCD slave axes.

Enabling of Functional Packages  This application example requires the base package "Closed-Loop" and the
enabling of the optional functional package "Synchronization".

I It is only allowed to enable licensed functional packages!
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Fig.7-11: IndraWorks Dialog fo Enable the Required Functional Packages for the
CCD Slave Axis

Settings for Operation Mode "Elec-  Material feed is to take place from the CCD slave axis which is operated in the
tronic Motion Profile”  “g|ectronic motion profile" mode. In the CCD slave axis, make the settings
shown in the IndraWorks dialog below for this application example and this

operation mode.



62/97 Bosch Rexroth AG

DOK-INDRV*-MLD-APPLI**-AW02-EN-P
Rexroth IndraDrive Rexroth IndraMotion MLD Application Examples

Synchronous Multi-Axis Motion With Virtual Master Axis

mid
[Be] o vew froect Dugrosies ok Widow b
554 im0 e Bn i na i@ m o]
o Praject Lsplores - B
i e 2 2D *
i Svechionrediobon - e -2 7] Dol
ooy T - Bt Ao [ Ro 2 [ 2] Def ot = e B W
P Posees Supply :I
% g Achue 1] Second oper. mode 1 |ra-c|un:nmu ;1 Conbgurston i
+ R Vit manter men geretstor [Wmduisind] =]
& Measuring encoder [Fimais| @nmlmumdﬂ |Po:tm ayrachronzaton :j Configursinn. !
P Cam peich
50 MLD SRR
b Corfipastion . —
[ T ————— Largespnchioneaton - At 2 [2] Deloul ®
P Dplay boarnal pegesiees G s 2 [2] Dol - -l-
h Tochrgiesyy Funchons E
b AusiDiats | Etechionis motion profile | [Motor encoder | |Extminal wetusl mater s ¥ =
-b LA oty i b TR
B Lop:
= [ POus
[E PLC_PRG 1l o=y 12'
Tads lﬂ. L'&; ]‘ﬂ_ﬁ-
L o S o [ Oima [000@De [ Ox [ 00000 g
= Jff Sescca I CCD) s
= B Auii_2 [7] Dot 1 Frem
P Poveer Supoly & = ! 5:' I i
& foai_J ] Dot _:I
& | Master Communcaton
= Moter, Brabos. Wadshamg 5, ComProdil - Asee_2 [2]Dedasdt .
3 e/ Mecharecal il
jlwl.'p: Aos 2 (2] Def it - - . W
2 Dirive Confrod Gelecton Piocedarg Clahay -
el  Absckin % Fisdaive £ Biock 0 sckve
T = ek 0 i ¥ Pucklelhect: casiod e
Al Slaven ser rabial puaibicn I_-- Dea o RO Fuie, i
Emce Fiesction 1~ Block 1 ™ Block 1 sciive
- M galed s twald Py fuiridsons
Bt el I¥ ProfleCheck. canied out
F Pasmeter isl seichirg
b Pucba —
# ) Optimization  Commiions
+ G VL mate o genecatol B
il Meanurg encoder =
b Ercocder smulsion - "
il | "
Ikl ogic i plated - | i |
OEODD402v01_en

Fig.7-12: IndraWorks Dialog to set the Position Synchronization Mode "Electronic

Motion Profile”

In the parameter "P-0-0703, Number of motion steps, set 0", you have defined
2 of 8 possible motion steps with these settings. Define the master axis range
in which the corresponding motion step is contained via the parameter
"P-0-0705, List of master axis initial positions, set 0". Observe that the motion
step 1 always starts with the master axis initial position "0 degrees". The second
motion step in this example is from 180 degrees to 360 degrees or 0 degrees.
Define the master axis position with which the motion step is accessed by the
parameter "P-0-0227, Cam table, access angle". Set the processing mode for
each motion step via the parameter "P-0-0706, List of motion step modes, set
0". For this example, the mode "rest in rest via a 5th order polynomial" was
selected for both motion steps; i.e. the drive is in standstill at the beginning and
atthe end. Set the distance for the corresponding motion step via the parameter
"P-0-0707, List of distances, set 0". The feed motion in this example is realized
in motion step 1. The distance value of step 1 defines the feed length and was
set to 180 degrees. In the second motion step, motion is not to take place. That
is why the distance was set to zero in this step. In addition, bit 10 (position data
processing [electr. motion profile]) of the parameter "P-0-0088, Control word
synchronization modes" was set to "1" (relative). In the case of relative pro-
cessing, a motion step begins at the point where the previous motion step
ended. All other settings are made in the program via the function block
"MB_MotionProfile".
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Scaling Settings  The scaling settings for the CCD slave axis are made as for the CCD master
axis.

Establishing Reference  Carry out "set absolute position" procedure or "homing" for the actual position
value 1 (S-0-0051).
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7.3

Programming

The exemplary program has been divided into several code sections which are
illustrated in simplified form in the figure below.

Cyclic task

started

— By

— All

Error

Program "automatic mode"

Activation block:
- When automatic mode is started, motion program sequence is

- When automatic mode is disabled, final step is started once and

this terminates motion program sequence
Motion program sequence
Step 1 — Resets all function blocks
Step 2 — Activates "AH" for axis 1 and axis 2
Step 3 — To align virtual axis at start position
with subsequent synchronization of real
axes 1and 2
Step 4 — Activates continuous motion of virtual axis

Final step — Moves virtual axis to start position and

Emergency switch (emergency halt)

afterwards the torques of the axes are disabled.

Motion function blocks

— Power off for all axes — torque disable

with cycle time t=2ms

with step 1

switches off power for axis 1 and axis 2

activating the emergency switch, all axes are stopped and

motion function blocks are called

handling

DCO00085v01_en.th

Fig.7-13: Program Structure
The following motion function blocks were used for realizing the application

task.

MC_MoveAbsolute

Declaration

fbMoveAbsVmAXxis: MC_MoveAbsolute;

Task

Positions the virtual axis of the master axis generator.

Axis

VmAXxisInt: Virtual axis of the master axis generator

MC_MoveVelo

Cl

ity

Declaration

foMoveVelocityVmAxis: MC_MoveVelocity;

Task

Moves the virtual axis of the master axis generator with constant ve-
locity (production velocity).

Axis

VmAXxisInt: Virtual axis of the master axis generator
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MB_GearinPos

Declaration fbGearlnPosAxis1: MB_GearlnPos;

Task Activation and parameterization of the operation mode "phase syn-
chronization" in the CCD master axis.

Slave Axis 1 (with MLD-M, always corresponds to master axis; with MLD-S,
always corresponds to local axis)

Master VmAXisExt (specification of master axis via "P-0-0053, Master axis
position")

MB_MotionProfile

Declaration foMotionProfilAxis2: MB_MotionProfile;

Task Activation and parameterization of the operation mode "electronic
motion profile" in the CCD slave axis.

Slave Axis2 (corresponds to CCD slave axis [first CCD slave axis in CCD
axis group])

Master VmAXxisExt (specification of master axis via "P-0-0053, Master axis
position")

We might ask ourselves, why apply the master axis "VmAXxisExt" instead of
"VmAxisInt" to the "Master" input of the synchronous motion function
blocks"fbGearlnPosAxis1" and "fbMotionProfilAxis2".

Justification: The internal virtual master axis "VmAxisInt" always refers to the
local axis. Each drive has its own internal virtual master axis (VmAXxisiInt). It is
our objective, however, that all drives follow the same master axis. For this
purpose, the internal virtual master axis generated in the CCD master axis must
be transmitted to the CCD slave axes. With activated MLD-M system mode,
this is automatically configured by the drive. Due to the transmission of the
master axis position to the CCD slave axes, there is a dead time of one CCD
cycle between the internal master axis (VmAXxisInt) of the CCD master axis and
the secondary master (VmAXxisExt) effective in the CCD slave axes. To com-
pensate for this dead time, the CCD master axis also has a virtual CCD slave
axis. The internal virtual master axis (VmAxisInt), too, is transmitted to its own
virtual CCD slave axis. The transmitting internal virtual master axis thereby is
also available to the CCD master axis itself as an external virtual master axis
(VmAXxisExt). The resulting dead time is the same as with the real CCD slaves.
Thereby, the same master axis is available to all drives in the form of "VmAXxi-
sExt".

The following paragraphs will not describe all parts of the program in detail, but
only those ones which are responsible for the actual sequence of motion.

Program section 2.3: Calling motion function blocks
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Fig.7-14. Code Section 2.3
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Fig.7-15: Declaration of Input Variables for Motion Function Blocks

In this program section, all motion function blocks which are used are called
once per task cycle with the condition specified for the corresponding Execute
input.

IS

The significance of all inputs/outputs of all function blocks is de-
scribed in the separate documentation "IndraMotion MLD - Library
Description".

Program section 2.1: Motion Control (case instruction)
With this program section, control of the motion program takes place.

Step 1 (initStep): Initial state

Step 1 carries out the reset or initialization of the motion program. All used
function blocks are initialized by direct call with "Execute" or "Enable
FALSE", or by setting the corresponding activation variable (variable which is
connected to the "Execute" or "Enable" input) to FALSE. Furthermore, the vir-
tual master axis is deactivated, its current actual velocity (P-0-0759) is set to
zero and the command value processing mode (P-0-0769) of the virtual master
axis is set to positive direction of rotation; i.e. the virtual master axis (VmAXxisInt)
can only be moved in positive direction. Thereafter, switching to step 2 takes
place.
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Fig.7-16: Code Section 2.1.1

Step 2 (iPowerStep): AH (drive)

In step 2, drive enable is set for both real axes. This is done for each axis via
the function block "MC_Power". Both axes then are in the drive state "Drive
Halt" (AH). When both axes are in the state "AH", switching to step 3 takes
place. The state is determined by evaluating the status output of the corre-
sponding function block "MC_Power".
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Fig.7-17: Code Section 2.1.2
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Fig.7-18: Code Section 2.1.3

To avoid collision of punching machine and material when the operation modes
are activated, the two axes are aligned with one another. For this purpose, the
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virtual master axis generator is activated by writing the value "1" to the direct
variable "DV_P_0_0917". Afterwards, the operation mode "phase synchroni-
zation" is activated for the punching drive via the function block "fbGearlnPo-
sAxis1" by setting the variable "bExeGearlnPos". Simultaneously, the position-
ing of the virtual master axis is started via the function block
"foMoveAbsVmAXis" by setting the variable "bExeAbsVmAXis" to the initial po-
sition of the master axis for material feed (rVmInitPos: REAL: = 0.0;). When the
function block "fbGearlnPosAxis1", via the "InSync" output, signals that the
punching drive has synchronized and the function block "fbMoveAbsVmAXxis"
additionally signals via the "Done" output that the initial position of the master
axis for material feed has been reached, the operation mode "electronic motion
profile" is activated for the roll drive via the function block "fbMotionProfilAx-
is2" by setting the variable "bExeMoProfil". When this function block, too,
signals via the "InSync" output that it has synchronized, switching to step 4
takes place.

Step 4 (iContinuousMotion): Continuous operation

CBO00408v01_nn

Fig.7-19: Code Section 2.1.4

After both axes have been aligned with one another, the actual application op-
eration can start. For application operation, the virtual master axis is only moved
continuously. For this purpose, the function block "fbMoveVelocityVmAxis" is
activated by setting the variable "bExeVelVmAXxis".
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7.4 Commissioning and Testing

The exemplary program has been designed in such a way that it can be tested
as an independent program.

— Create a new IndraWorks project.

Commissioning sequence of this application example in the drive:
1. Parameterize/configure drives as described.
2. Afterwards, execute "Restore" task in IndraWorks project.

E IndraWorks Engineering

File  Edit  ‘Wiew HCS0Z.1  Diagnostics  Tools

Seala - NS

&1 Project Explore

I
E%’L Switch Devices Offline

Switch Devices Ooline. ..

= :Q_J b otionE » ﬂ Start OFfline Parameterizations

Scan For Devices...

. add b
g 1M1 Archive...

HLJ Restare...

s = L
i Language 3
H Export. ..
‘ Import. ..
Fig.7-20: Restoring an IndraWorks Archive
3. Connect to drive by going online.
4. Switch both axes to operating mode (OM); clear error message.
5. Switch power on — drives then are in state "AB".
6. Establish absolute position data reference for both axes.
7. Open exemplary project via IndraLogic branch by double-clicking
"PLC_PRG™:
s —
= &' Logic
= 8@ POE
PLC PRG
Tasks
- (@ MLD
DBI00410v01_nn.tif
Fig.7-21: Part of IndraWorks Structure Tree

8. Go to IndralLogic.

9. In IndraLogic menu, check the following settings and correct them, if nec-
essary:

- Project — Options — Build — tick check box "Replace constants”
10. Start PLC via "F5".
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11. Compile program and then load it to drive.

12. Set bit 0 of signal control word via switch (via this bit, the so-called "auto-
matic mode" is started or disabled).
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Fig.7-22: IndraWorks Dialog: Configuring the Signal Control Word

13. Emergency stop switch: The emergency stop switch has been assigned
to bit 1 of the signal control word. When the emergency stop switch is set,
the axes are stopped with the deceleration that has been set. Afterwards,
drive enable is removed for both axes. After the emergency stop switch
was reset, the automatic mode has to be started again via bit 0 of the signal
control word.

14. If one or both axes signal an error, this error message must be "manual-
ly" cleared. After you have fixed the cause of the error and cleared the
error message, restart the automatic mode as described!

7.5 Notes on Programming and Parameterization for Other Rele-

vant Types of Master Axis Linking
7.5.1 General Information

Independent of the application example, the following paragraphs show other
relevant variants of master axis linking and its realization in the MLD-M system
mode.

With minor adjustments of this application example 1, these variants of syn-
chronous multi-axis motion can be realized.
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7.5.2

Real Axis in CCD Slave Moves Synchronously to Real Axis in CCD

Master

Example

There are applications in which axes are to carry out the same motion as the
real CCD master axis. At this point, it is possible to extend the example; a sec-
ond axis (CCD slave axis), for example, is to move in a phase synchronous way
to the CCD master axis. The CCD slave axis is operated in the operation mode
"phase synchronization”. The principle of this operation mode is that the real
drive, after it has synchronized to the master axis, moves in a phase synchro-
nous way to the master axis. This master axis ("P-0-0053, Master axis posi-
tion") is generated from the parameter "P-0-0434, Position command value of
controller" of the CCD master axis. The value of P-0-0434, which is available
in the position data format, must be converted to the master axis format. This
is done via the master axis format converter in the CCD master (see also
IndraWorks dialog "Master Axis Generator" and Functional Description "Master
Axis Generator: Master Axis Format Converter" in the drive documentation).
The result is contained in the parameter "P-0-0761, Master axis position for
slave axis". This value must be transmitted to the slave axis. Due to the CCD
transmission and the subsequent command value processing in the CCD slave,
a position offset would occur between the CCD master and the CCD slave. To
compensate this, the master axis position must be pre-controlled. This is done
via an extrapolator. The output of the extrapolator is written to the parameter
"P-0-0053, Master axis position" and is available to all axes in the CCD group
at the same time with the same value. For the configuration, see the table in
the following section.

Parameterization
The parameterization of example 1 has to be extended as follows:

Master axis format converter CCD dead time compensation (extrapolator)

P-0-1616, CCD: Extrapo-
lated cmd value signal se-
lection

P-0-0916, Master axis format
converter signal selection

P-0-1617, CCD: Number
of extrapolation steps

P-0-0434 P-0-0761 2

1y When the CCD master axis has been scaled in absolute form, the
CCD slave axis, too, must be scaled in absolute form and the pa-
rameter "P-0-0750, , Master axis revolutions per master axis cy-
cle" must have the value "0" for all axes.

Programming

The operation mode "phase synchronization" is activated via the function block
"MB_GearlnPos" for the CCD slave axis.

MB_GearinPos

Declaration foGearlnPosAxis2: MB_GearlnPos;

Task Activation and parameterization of the operation mode "phase syn-
chronization" in the CCD slave axis.

Slave Axis2 (corresponds to CCD slave axis [first CCD slave axis in CCD
axis group])

Master VmAXxisExt (specification of master axis via "P-0-0053, Master axis

position")
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Real Axis in CCD Master and CCD Slave Move Synchronously to Measuring
Encoder Position in CCD Master

Example

Two axes are to move phase-synchronously to the measuring encoder position

of the CCD ma

ster axis.

Parameterization

Parameterization must be made in the CCD master axis.

Master axis format converter | CCD dead time compensation (extrapolator)

P-0-0916, Master axis format | P-0-1616, CCD: Extrapo- | P-0-1617, CCD: Number
converter signal selection lated cmd value signal se- | of extrapolation steps
lection

P-0-0052 P-0-0761 2

15y The parameter "P-0-0750, Master axis revolutions per master axis
cycle" for all axes has to be set to the value of the parameter
"P-0-0765, Modulo factor measuring encoder" of the CCD master
axis.

Programming

The operation mode "phase synchronization" is activated via the function block
"MB_GearlnPos".

MB_GearinPos

Declaration

fbGearlnPosAxis1: MB_GearInPos;

Task

Activation and parameterization of the operation mode "phase syn-
chronization" in the CCD master axis.

Slave

Axis 1 (with MLD-M, always corresponds to CCD master axis and with
MLD-S, always corresponds to local axis)

Master

VmAXisExt (specification of master axis in the parameter "P-0-0053,
Master axis position")

MB_GearinPos

Declaration

fbGearlnPosAxis2: MB_GearlnPos;

Task

Activation and parameterization of the operation mode "phase syn-
chronization" in the CCD slave axis.

Slave

Axis2 (corresponds to CCD slave axis - first CCD slave axis in CCD
axis group)

Master

VmAXisExt (specification of master axis in the parameter "P-0-0053,
Master axis position")

Real Axis in CCD Master
Measuring Encoder Positi

Example

and CCD Slave Move Synchronously to
on in CCD Slave

Two axes are to move phase-synchronously to the measuring encoder position
of the CCD slave axis.

Parameterization
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To solve this task, it is first necessary to transmit the measuring encoder posi-
tion of the CCD slave axis to the CCD master axis. For this purpose, make the
following parameter setting in the CCD dialog of IndraWorks:

CCD: process data. actual values - HC502.1 [1] Default _ bt
HCS02.1 [1] DeFault e SRS AE AN
0 P-01771 : CCO: Actual walue data contai 0 P-0-0052 : Actual position value of measu
1 5-0-0000 ; Free [ ] 1  5-0-0000: Free
2 5-0-0000 ; Free & 5-0-0000: Free
3 S-0-0000 : Free 3 5-0-0000: Free
4 S5-0-0000 ; Free 4 5-0-0000; Free
5  5-0-0000 ; Free 5 5-0-0000: Free
B 5-0-0000; Free B 5-0-0000: Free
¥ S-0-0000 : Free ¥ 5-0-0000: Free
g3 S5-0-0000 : Free g 5-0-0000; Free
9 S5-0-0000 ; Free 9 5-0-0000: Free
10 5-0-0000 ; Free 10 5-0-0000: Free
11 S-0-0000 ; Free 11 5-0-0000: Free
12 S5-0-0000 ; Free 12 5-0-0000; Free
13 5-0-0000 ; Free 13 5-0-0000; Free
14 5-0-0000 ; Free = || 14 5-0-0000: Free
15 S-0-0000 : Free 15 5-0-0000: Free
||
< | i3 < | i
CCD miaster AT CCD zlave
Settings Cmdy alues CCD Signal Statuz Wword CCD Signal Control Yord
Fig.7-23: IndraWorks Dialog: CCD: Process Data, Actual Values

Afterwards, make the following parameterization in the CCD master axis:

Master axis format convert- | CCD dead time compensation (extrapolator)

er

P-0-0916, Master axis for- | P-0-1616, CCD: Extrapolated | P-0-1617, CCD: Num-
mat converter signal selec- | cmd value signal selection ber of extrapolation
tion steps

P-0-177x P-0-0761 3

ISy The parameter "P-0-0750, Master axis revolutions per master axis

cycle" for all axes has to be set to the value of the parameter
"P-0-0765, Modulo factor measuring encoder" of the CCD slave
axis.

Programming

See example "Real Axis in CCD Master and CCD Slave Move Synchronously
to Measuring Encoder Position in CCD Master"
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754 Position Command Value Linking (Gantry Axis)

Real Axis in CCD Slave Moves Synchronously to CCD Master (Gantry Group)
Example

Gantry axes are used very often to realize synchronous motion between 2 axes
by means of position command value linking.

Parameterization
CCD slave axis

In the CCD slave axis, the operation mode "drive-controlled position con-
trol" (0x0305) has to be configured in the parameter "S-0-0287, Secondary
operation mode 7". As the secondary operation mode 7, because MLD-M of
the CCD master axis automatically configures the other operation modes.

As you want to move synchronously to the CCD master axis, you must set the
parameter "P-0-0187, Position command processing mode" to the value "0";
i.e. the position command value (S-0-0047) is processed within one NC cycle
(S-0-1001).

CCD master axis

The principle of Gantry linking is such that the value of the parameter "P-0-0434,
Position command value of controller" of the CCD master axis is transmitted as
the position command value (S-0-0047) to the CCD slave axis.

However, it is not possible to do this directly, as the transmission dead time
between CCD master axis and CCD slave axis must be compensated. It is also
necessary to compensate the processing time of the command value
(S-0-0047) in the CCD slave axis. The dead time compensation is realized by
means of the CCD extrapolator.

Make the following parameter setting in the CCD master axis:

CCD dead time compensation (extrapolator)

P-0-1616, CCD: Extrapolated cmd value | P-0-1617, CCD: Number of extrapolation
signal selection steps

P-0-0434 2

After the extrapolator has been parameterized, the output of the extrapolator
(corresponds to the value of the parameter "P-0-1618, CCD: Extrapolated com-
mand value") must be configured as the value for the parameter "S-0-0047,
Position command value" in the MDT for the CCD slave (see CCD dialog).
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IndraWorks Engineering - Free Process Data - HCS02.1 [1] Default

File  Edit  Yiew Project SERCOSIII(CCDY  Diagnostics  Tools  Sindow  Help

e e ™ W == W “I@!Eﬁ‘iﬁ‘} h | T |i‘1||ﬂ!§;:.‘zﬂf|__|@|PMOM||MLDStatus!
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o ,:_T_| e 1 CLCD: process data, actual values - HCS02.1 [1] Default " Free Process Data - HCS02.1 [1] Default |
ctionExample
By HI 1] Detaul HC502.1 [1] Defaul: R |t))
----------- ) Master Communication
P Power Supply [ awis_2 21 Defauit id

(@ Axiz_1 [1] Default
% Wndiwizink: Virt. Master Axiz Generate Command valies
@: Rmbxis: Measuring Encoder CLCD master | CCD slawe
P Fosition Switch P |P-0-1618: CCD: extrapolated command value j mand value

- J

-7 Local 1/0s

B |;] Mew View
' CCD; Basic Settings
CCD: Error Reactkion

Delete Command ¥ alue |

CCO: Owerwiew of TP Settings

CCD: SERCOS III Master IP Settings

(CCD: Free Process Data CCD slave
P-0-0052 : Actual position value of measuring ... j

4

ZCD: Signal Skatus Ward
CC0: Signal Control Word ﬂ ﬂ

Deadtime Compensation

ZCD: Diagnosis

CCD: Owerview Process Data, Command Yalues

CCD: Cwerview Process Data, Actual Walues Delete Actual Walue |

CCD: Slave Status

Add iagnosis Actual Values Apply Configuration |
Fig.7-24. IndraWorks Dialog: CCD: Process Data, Command Values
Programming

The secondary operation mode 7 ("drive-controlled position control") in the
CCD slave axis can be activated via the function block "MX_SetOpMode".

Declaration

fbSetOpModeAxis2: MX_SetOpMode;

Coding

SetOpModeAxis2

(NewOpMode: = 7, —» (* activate secondary operation mode 7 *)
Execute: = TRUE, - (* activate the function block *)

Axis: = Axis2); — (* first CCD slave axis *)
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8 Vibration Damping With Superimposed Process Loop
(Process Control With Intelligent Servo Axis)

8.1 Task Definition — Application Description
8.1.1 Task Definition

Using an external sensor, active vibration damping (process control) for low
resonance frequencies is to be implemented by means of "IndraMotion MLD".

The objective is to minimize the vibration behavior of the axis and, consequent-
ly, to achieve higher contour precision of the axis. In order that the normal
positioning process is not inhibited, the process loop is a cascade superim-
posed to the drive control loop structure. That is to say, the command value
must continue taking effect in the respective operation mode and a command
value of the process loop is simply added to it.

Iy For this purpose, the MLD-S library "DRIVE_LIB_01V02.lib" makes
available a comprehensive PID loop function block!

8.1.2 Functional Overview/Concept

Detecting the Actual Value (Accel-
eration)

Point at Which the Process Loop
Takes Effect

Active

A vibration

ltive dampin

command Rl

value .
Lageistwert

Cmd value Position Mechanical Mechanical
processing . controlloop ~°  axissystem ~°  structure

DFOOO370v01 _enfh

Fig.8-1: Functional Concept

The output signal of an acceleration sensor ist to be read in via an analog input
at the IndraDrive control section. This sensor is mounted at a point of the me-
chanical system which is susceptible to vibration. After the sensor signal has
been adjusted, it is used as the actual value for process control.

Iz It is our objective to reduce the vibration occurring at this point in
order to achieve a better dynamic response and higher production
quality.

The resulting actuating variable of the control loop is added to the command
value. This does not affect the command value input of the external PLC, i.e.
the process loop is superimposed to the drive control loop structure. Thus, an
external PLC always has Motion Control over the drive.

For the point at which the command value takes effect in the drive cascade
structure, the following additive command values are available:

e P-0-0059, Additive position command value, controller
e  S-0-0037, Additive velocity command value
e  S5-0-0081, Additive torque/force command value

The paragraphs below describe the steps required to solve the task and show
how to create a simple program. The developed program, however, does not
contain any error handling.
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8.2 Requirements/Settings

Drive Configuration

Connecting the Sensor

Starting from the basic parameters, you have to make some fundamental set-
tings for the application example "process control for vibration damping".

The number and functions of the analog inputs differ according to the type and
configuration of control section.

For more detailed information on the different control sections, see the hard-
ware documentation for the control sections "Rexroth IndraDrive - Control
Sections for Drive Controllers" (Project Planning Manual). For the example de-
scribed below, we use a control section of the CSH01.1C type. See the Project
Planning Manual of this control section for the pin and connector assignment.

Function Con- Factory setting | Nominal data | Technical data
nection
cigital outputs AR Xaze 24V/0.5A |digital outputs
— 1 — AD X327
A10 X328
— - a1 X320
e RS —)
'ra'-.llog nputs voitage input EAn+ X324 \ +-10V analog inputs
typ. 2 type 4
A\ EAn- | X325 o Skeln: (e
analog outputs veltage output Anl y B 5V/1imA |analog cutputs
An2 | x322 s
reference potentia A_GND | X323
for analog voltage
output
voltage supply voltage supply of + 24V X318 DC 19..30V;
of digital digital inputsioutputs = - max 1,14
nputsioutpUts ov X318
serial interface RS232 x2 serial interface
Optional allowed options see see
functions configuration table corresponding
optional
module
DB000255¢01 =n
Fig.8-2: Pin Assignment of a CSHO1.1C Control Section

The amplified sensor signal is connected to the corresponding connection. The
input voltage range of the control sections is +/-10 V. The amplification of the
measuring amplifier is selected such that the biggest possible window of the
input voltage range is used. Due to the vibration properties of the mechanical
system in this example, we have selected a sensor with the following charac-
teristic values:

e  Sensitivity 10 mV/g
e  Evaluation range up to 50g

The resulting amplification factor is fa = 20 and the amplified voltage signal of
the sensor is +/-10 V.
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X32.4
X32.5

Lo MV ==

CSHo1.1C
DF000371v01_nn.th

MV

Measuring amplifier (MV = "Messverstarker")

Fig.8-3:

Connection of a CSHO1.1C Control Section

Configuring the Analog Input  To allow processing the sensor signal in the MLD as a feedback, the value of

the analog input must be mapped to a PLC register.

m IndiaWorks Engreaing - Analog Inpul 220280 « 302 - HESO2.1 [T]HC [1.1] NC

Fis View Pogol  Disgnosic:  Teol Window  Heb
A Ao cloBanmmdlc & @im o o )
Starhap Analog ngist X324 + 2325 - HES02.1 [1]NC [LI]NC
= () InciaWorksPioyect_005 iR St e S
3 CamiPocl HEsn2, L [IINC 10K s a|w
=By HCSO2 ¥ [1]NC [1.1] N 1.1} HE
b Poves Suppdy - - _"'l":”:':l! W
£ e Aoae_1 [1.1) 1 [1.1]HE I RS k [ dssigrmert & =l
ﬂ Wil Blaster Asas Gene sor [Vt
B Measisng Encodsi [Frduat] T oot ot ey | 5000 me
F CamSwich
&3 MLD Aazigrment & I
- L 10
- u:: iy i s [F0930  FLE Gilobal Reister 610 I |
- R 4
"5 Araiog Dutput Assigrment A X320 Rgsction Ranga [0.000 v —E-ﬁ
T iralog Outout Assionment B 53242
X Sealngpee 10V [150500000 -

Ml Sencas m oo

Sigral value ot Y |0.000 =

% meangement o command value == 0
T meanaement o 0.0 =

Audoemalic Adpssi |

DB000386v01_&n

Fig.8-4:

IndraWorks Dialog for Configuring the Analog Input of the Control Sec-
tion

Settings in the dialog:

Time constant input filter -~ The input signal is filtered via a PT1 low pass.
At this point, the user can parameterize a limit frequency for the filter.

Assignment type - Assignment A

Target parameter — Select any unassigned PLC register as the target pa-
rameter. In the described example, the parameter P-0-1380 is to be used
(the display format of the register can be set in the parameter P-0-1386).
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o Rejection Range — Set the rejection range to 0 V.

®  Scaling per 10V - This value depends on the sensor, measuring amplifier
and the parameterized units. The paragraph below describes how to de-
rive the value.

®  Signal value at 0 V — Select the value such that 0 V is displayed in the
target parameter at an acceleration of "0g". The value differs from zero
when the applied signal has an offset.

How to derive the "Scaling per 10 V"

The derivation is described for our application by the example of a system with
linear scaling (position in mm, velocity in mm/min) which uses the above-men-
tioned sensor. It therefore makes sense to display the acceleration value of the
sensor in the parameter P-0-1380 in mm/s2.

Measuring amplifier output:

10 my v 20 = 200 my

g g

Acceleration value; scaled in mm/s?:

Ixg = 9810 = gs10}
=1 =

200mY - _ 5039 % 1078
mm mm
9810 —p- ULIL
= 5
Voltage output:
000002039 v = 1 1
=
i
oy = x 28
=
000002039V x —1°0___ = (MM, 10
0,00002039 =2~ 0,00002039

M
10% = 490500 =

The result is:
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IndraLogic

Restrictions

10V
490500 20
=

Using the value "490 500" in the dialog window "Scaling per 10 V" you achieve
that the acceleration value is displayed in the desired unit "mm/s?".

At the beginning of the project creation, the MLD-S library
"DRIVE_LIB_01V02.lib" is included in the IndraLogic library manager by right-
clicking the library list.

a Indralogic - Prozessreg_AplBsp.pro™

File Edit Project Inset Estras Onlne ‘Window Help

B8] B|®|edaS 2R * |55
-
ndulF_EESGlIHCES ) Iecsfc_lib 21.9.04 14:00:50
_l Bibliothek lecsfc.lib 21.9.04 14:00:50; G!Dtl'-l RIL_ CommonTypes.lib®23.9,.08 13:11:20
(2] Bibliothek hMx_Base.ib*31.3.06 12:41:32 GI X _Internal.lib*31.3.06 12:41:36

ID{ Base.lib*31.3.06 1Z:41:32

[_1 Bibliothek Mx_DSP.lib*31.3.06 12:41:38: G S uis R At B (Ll
W o iy e . open. 1ib*31 3. tdl:
T—I Bibliothek M _Intemal ib*31.3.06 12:41:36 MK DSP.1ib*31.3.06 12:41:38
B[] Bibliothek MX_PLCopen.lib*31,3.06 12:41:3] | 1¢_CheckRtw. 1ib*31.3.06 12:41:40
-] Bibliothek RIL_CommonT ypes.lib*23.9.05 1 Standard. lib 31.3.06 12:41:34
-] Bibliothek Standard.fib 31.3.06 12:41:34; Gl ﬁnj onal librams Ink
& Bibliothek SysLibCalback b 1.6.05 10:42:0) | | Delete Dl
E_]'-'-__I Global Yariables Properties ... Al+Enter
% Alam configuration [ =4 POUs

Lib[-il_'.-l I anager ,ﬂ SFCActionControl [FE)

--EH Log i -

DBO0038Ev01 en
Fig.8-5: Including the MLD-S Library in IndraLogic

This library contains the function block "MX_PID_Regler" on which process
control is based.

For vibration damping, the process control is superimposed to the drive control
loop structure which means that "Motion Control" still is in the external PLC.
When the actuating variable of the process control is an additive command
value for one of the inner control loops, it actually is an interference to the outer
loop. Due to the higher dynamic response of the inner control loops, it can be
of advantage, however, to preset an additional velocity command value, al-
though the axis is in position control.

Process control is only as good as the feedback signal it is based on; i.e. pro-
ceed with diligence and accuracy when installing the sensor and adjusting the
signal.
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8.3 Programming
8.3.1 System Structure
Sensor Analog input MLD control
Cmd
value
P~0—0217
T=7ms
Process |___ I = : | AD |—» ‘ : —“O_" I— — %.
value
—_—
Sensor f-amplifier Dynamic Channel 3 Low-pass PID loop Actuating
response filter variable
of sensor limitation
P-0-0059 S-0-0037 S-0-0081 =
Standard servo (cascade control)
S-0-0100 S-0-0106
S-0- 0101 S- 0-0092 S-0-0107
¥
v+ e r'l' :
S5-0-0047 —»O_'".O—b I —toﬁ--o—p —r’O—P 1ol :ﬂyz?g;mcal
b —
P-loop Pl-loop Current
control
P~o{)04a P- 00033 loop
Nagt
S-0-0040 «---
S-0-0051 |«---
DFO00372v01_en.fh
Fig.8-6: System Structure

In our example, we use an axis which is operated in position control. The ac-
tuating variable of the process loop, which is to suppress/compensate unwan-
ted vibration, is an additive command value to the outermost control loop. In
this case, the parameter "P-0-0059, Additive position command value, control-
ler" consequentially is the target parameter of the actuating variable. In this
case, the command value for process control would be the twofold derived po-
sition profile which is preset by the external PLC. With infinite stiffness, this
would simultaneously be the ideal acceleration profile at the sensor's point of

installation.
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Funktion Block "MX_PID_Regler"

Interface Description
IX_PID_REGLER
—{bEnable : BOOL bDone : BOOL—
—¥Sollwert : REAL bActive : BOOL|—
—xIstwert : REAL bPosLimitAketiv : BOOL—
= rEKpVerstaerkung : REAL bNegLimicAktiv : BOOLP—
—{tNachstellzeit : REAL rStellgroesse : REAL—
—tVorhaltezeit : REAL bError : BOOL
—rLinitNeg : REAL enErrorID : ERROR_CODE|—
—rxLimitPos : REAL stErrorIdent : ERROR_STRUCT—
=—rToleranzfenster : REAL
—rVorsteuerbewvertung : REAL
—{etFilterzeitkonstanteDinteil : REAL
—rFilterzeithonstanteVorsteuerunyg : REAL
DBEOD0258vD1 de
Fig.8-7: Interfaces of the Function Block "MX_PID_Regler"”
Name Type Description
VAR_INPUT bEnable BOOL Sets control enable
rSollwert REAL Command value of the control variable
ristwert REAL Actual value of the control variable
rKpVerstaerkung REAL P-gain of the PID loop
rNachstellzeit REAL Integral action time (I-component of the PID loop) in ms
rVorhaltezeit REAL Derivative action time (D-component of the PID loop) in ms
rLimitNeg REAL Negative limitation of the controller output
rLimitPos REAL Positive limitation of the controller output
rToleranzfenster REAL Tolerance window for "bDone" message
rVorsteuerbewertung REAL Feedforward from command value difference
rFilterzeitkonstante D-Anteil REAL Filter time constant for PT1 filter in D-component (in ms)
rFilterzeitkonstante Vorsteuerung | REAL Filter time constant for PT1 filter in feedforward (in ms)
VAR_OUTPUT |bDone BOOL Actuating variable > tolerance window
bActive BOOL Controller active
bPosLimitActive BOOL Positive limitation active
bNegLimitActive BOOL Negative limitation active
rStellgroesse REAL Actuating variable at controller output
bError BOOL Error in function block
enErrorlD INT Rough error information (only when "bError = TRUE")
(ENUM)
StErrorldent ERROR_ | Detailed error information (only when "bError = TRUE")
STRUCT

Fig.8-8:
Functional Description

Interface Description of the Function Block

With the function block "MX_PID_Regler", the control of internal and external

values has to be carried out via a process loop superimposed to drive control.
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Error Handling

The function block "MX_PID_Regler" generally is a PID loop with feedforward
function and PT1 filters for feedforward and the D-component.

By means of the tolerance window, you can set a range in which the output gets
the state "Done True" when the actuating variable is smaller than the tolerance

window.

Switching the controller off by "Enable = False" sets all internal variables and
the actuating variable to zero.

In the case of error, this function block generates a detailed diagnosis. For a
precise description of the error code which is output (Additional1, Additional2),
see the table below.

ErroriD Additional1 | Additional2 | Description
INPUT_RANGE_ERROR | 16#0C01 16#1 Preset negative limitation is greater than positive limit
16#0C01 16#2 Kp-gain smaller than "0"
16#0C01 16#3 Integral action time smaller than sampling time or smaller than "0"
16#0C01 16#4 Derivative action time smaller than sampling time or smaller than
"o
16#0C01 16#5 Filter time constant D-component smaller than sampling time or
smaller than "0"
16#0C01 16#6 Filter time constant feedforward smaller than sampling time or small-
er than "0"

Fig.8-9:

ERROR_TABLE
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8.3.3 Accessing Drive Parameters

The control is based on process data which can be generated from the drive
via parameter access. The screenshots below show the function blocks
"Read_cyclic()" and "Write_cyclic()". They illustrate how to have read access
and write access to the drive parameters.

M icad_cyclic (FB-5T] _Iglll
0001 |FUNCTION_BLOCE read cyclic
0002 |VAR_INPUT
0003 [END_VAR
0004 VAR _DUTFUT
0005 P59 : REAL:
oo0s | a4 s BEAL;
0007 rSensor : REAL;
ooog
D003 |EHD: VAR
0010 VAR
oLt | {* Creation of instances *)
0olZ (EME_ReadRealParanecerP434 @ HE_ReadRealParaneter;
0oL3 fLME_PeadRealParanecerPSs - ME_PeadPealParameter;
0ol4 fhME_ReadRealParameterP1380: HE_ReadRealParameter;
0015 blone H BOOL; =
0016 | bError : BOOL; te_cyclhic (FB-5T)
0017 enErrorIl H DIRT; D001 IFUNCTION _BLOCE write _cyclic
ooLe stErrorIdenc: ERROR_STRUCT: OO0 VAR INPUT
0019 |END_VAR 0003 rhctuator £ REAL;
LI | 0004 |END_VAR
(D008 |vAd_OUTHUT

0001 | {bME_ReadlealParamecerP4344 0006 |END VAR
Doo; Ensble:=FALSE 0007 \’ln‘
0003 Axis:=axisl ); 0008 EEME_WriteReslParameter:MB_WriteReslParameter;

004 [foME_Resdleal ParameterP434 | oo0a bhone A BOOL:
0005 Enable: =TRUE , o010 bError . BooL:
0006 FarameterHusber:=FP_F_0_0434, o011 enErrorTD - DINT;
.3.3.% ;"“ ‘;;“1 . 001z stErrorIdenc:  ERROP_STRUCT;

ones=>bdone

0003 Brror=rberror , ﬁ!m_w‘k
0010 ErrorIDs>enercorID , 4( | I
0011 Errorldenc=rstErrorldent , 0001 0
ooz | ValuesrrP434 }; 8002 —
0013 (0003 |fbME_UriteRealParancter —
0014 0004 " Bxecute:= FALSE,
DOL1E | fhMB ResdReal ParameterPES| 0005 Axisc= awisl );
0016 Enable:=FALSE , o006
0017 | Axigi=axisl ); D007 |fbME_WriteRealParanscer [
0018 | fhME_ResadResal ParameterP53( (ooos | Execute: =THUE ,
0019 Enable: =TRUE , 0009 ParameterNusber:s FP_P_0_0059 ,
0020 ParameterBumber:=FF_F_0_0059 , [onig Value:= rActuskos,
0021 Axis:maxigl , 0011 Axis:maxisl ,
LoEz | Donw=rbdons 0012 Done=>bdone ,
0023 Brrersrhersor (o012 Tirorsrberior ,
ObZ4 ErrorID=renerrorIl ., o0l4 ErrorID=renercoriD ,
tongsy Irrorldenterstirrorldent , 001E Errorldenc=>sterrorident ): x
O0E6 Value=rrP53) ; l{_l v ]
o027
O0Z8| (* Value for the meassured acceleration that should be maped to P-0-1380 and scaled by using th

0025 | fbME_Readleal ParasscerPL360(
0030 | Enable: =FALSE ,

0031 Axis:eaxigl )7
0032 | fbME_ReadlesllParameterP13800(
0033 Enable:=TRUE
0034 ParameterHusber:=FP_P_0_1380,
o035 | Axis:=axisl ,
0036 Done=rbdone |,
0037 Error=rbarror ,
D038 BErrorID=renerrorIl ,
0039 Errorlderc=rstErrorIdent ,
222 Valus=>rfensor );
1 »
DB00028%v01_nn
Fig.8-10: Read Access and Write Access

These parameters are of particular interest:
®  P-0-0434, Position command value of controller (READ)

e P-0-0059, Additive position command value, controller (READ and
WRITE)

e P-0-1380, PLC Global Register G10 (READ ) — scaled sensor signal
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8.34 Generating the Command Value Characteristic

The g

eneration of the command value characteristic takes the parameters

"P-0-0434, Position command value of controller" and "P-0-0059, Additive po-
sition command value, controller" into account. From the values of these two
parameters, IndraMotion MLD determines an acceleration command value
characteristic which is only preset by the control unit, i.e. without process control

taking effect.
0001 |[FUNCTION_BLOCK FB_CommandValue
0002 |VAR_INPUT
0003 rS8amplingTime: REAL;
0004 rP434: RBAL;
0005 rPE9: REAL;
0006 |[END_VAR
0007 |VAR_OUTPUT
ooog rCommand: REAL;
0003 |[END VAR
0010 |VAR
0ol1l rPos_Command old: REAL;
0012 rPos_Command_cur: REAL;
o1z rVel Command old: REAL;
00l4 tVel_ Command cur: REAL;
0015 rPos_diff: REAL;
0016 |END _WAR
coin
< |
0001 (* Ceneration of command value *)
0002
0003 |rPos_Command old := rPos_Command cur ;
0004 |rPos Command cur = rP434 = rPES ;
0005 (rVel Command old := rVel Command cur;
0006 |rPos_diff:=({rPos_Command cur - rPos_Command old) ;
0007 (* CGeneration and Convertion Welocity command: [mm/ms] to [mm/min]*)
0008 |rVel Command cur:={(rPos diff)*e0/rfamplingTime*1000;
0003 (* Generation and Convertion Acceleration command: [mm/min?®] to [mm/s®] *)
0010 |rCommand: = {(rVel Command cur - rVel Command old) 60/ (rSamplingTimes1000) ;

nni

DBO00280v01 nn

Fig.8-11. Generating the Acceleration Command Value
The output variable "rCommand" represents the acceleration command value

which

was derived by the position input of the external PLC.
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8.3.5 Overall Structure of Process Control

Process control is activated by setting, through the Boolean "bStart", the Enable
input of the instance of "MX_PID_Regler" to TRUE (both user-defined function
blocks and standard function blocks must be created in the declaration section
as instances). For this case, the controller synthesis has shown that the com-
pensation of the disturbance, without any permanent deviation of drive control,
is only possible via "P-0-0059, Additive position command value, controller" or
"S-0-0037, Additive velocity command value", when you use a process con-
troller without an integral component. In the following paragraphs, a mere
P-controller will be implemented. For this reason, the resulting PLC program
structure is as follows:

alndlaLuglc - Prozezsieg_AplBzp.pro”
File Edt Proecl Inset Exraz Onime ‘Window Help
&|z|E] 0|@|eA0lS|SAG| % |5|@|Hn|w
e B o vie.ree
|~[E] FB_Commandyahe [FB) 0002 | VAR =
I PLC_PRG [PRG) 0003 thID_PID_Regler:M<_PID_Regler:
} E read_cyche (FB) 0004 thread cyclic:read cyclie;
0005 fhurita_cycliciwrite_cyclic;
"I wite_cycke (FB) 0006 beB_ED;mWndUn_'lua: ?B:C:mmmdUnlun)
oon? P59 - REAL;
ooos rPa34 3 REAL;
0009 ricaledSenser: REAL;
0olo rCommand: REAL:
0011 rhotuator: REAL:
001z bitart: BOOL;
0013 rProporvionalCain: REAL;
0014 rlimie @ REAL;
0o1s bError BOOL;
0016 enErrorID: DINT;
0017 stBrrorIdentc: ERROR_STRUCT;
0018 |END_WAR
0019
i | E
000) |fbread_cyclic(
000z rPES =» rPEIS
o003 rP434 =r rP434 ,
o004 rZenzor => rfcaledSenser };
0005 |fbFE_CommandValue (
0006 rEamplingTise = 1 ,
0007 rP434 1= rPa34 ,
0008 rPED := rPEI ,
oo0& rCommande>rCommand ) ;
0010 | ekt PID Regler |
0011 bEnable := bScarc
0012 rSollwert := rCommand ,
0012 rIscwart := rScaledSansor .,
0014 rfpVerstasrkung := rProporticnalGain |,
oD1ls rHachstellzeit := 0
0016 rVorhalcezein := O,
0017 rlimieNeg := -rlimie,
0018 rhimicPos = rlimic,
Qois rToleranzfenster := 0 ,
0020 rVorsteusrbevertung := 0,
oozl | cFileerzeitkonstancebhnteil := 0,
0022 rFilrerzeitkonstanteVorsteuerung = O,
0023 ritellgroesse => rActuator,
004 bErrer => birrer,
0028 enBrrorll =+ enfrrexrliD,
0026 stErrorldant =+ stErrorldant ):
0027 |fbwrite_cyclict
0028 rhebustor:s rActusEsr);
0DZ3
0030
0031
—T
4| 3|
DBO0D291v01 en

Fig.8-12: PLC Program

In the "PLC_PRG" program, the instances of the user-defined function blocks
"read_cyclic", "FB_CommandValue" and "write_cyclic", as well as the instance
of the function block "MX_PID_Regler" from the "DRIVE_LIB_01VO02.lib" library
are called. It is now only necessary to append the program to a cyclic task to
be defined. The minimum interval time of the cyclic task depends on the control
section type and the configured performance setting.
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E Inawal ogic - Prozessieg_Aplifsp.pro® - |Task condsguration]
| Fie Edt Foec Inet Extar Orire Widow Help =2] x|
D@ 0|@]ed 0l |SAR)
1= HT-:H comfiguration -
2 Resources ” B— (13| ReueTask j Ui I
-] Biblcthek lecsic I|I:|2I‘3~:I-!.-4 _.] PLE_PRGLH: =
B3~ Bibbothek Mx_Bape 731 300 Hame [HewaT ask
B Bibhctivek M¢_DSP 31 308 : |1
- () Bibkethek: MX_inismal #5313 BriotAd. 3
BB Bibbothek Mi_FLCopen it 3] Tupe
-] Bibkathek RIL_CommonT ipes, o coche
B3~ Bibkothek: 5 tandard i 31.3.06 F hesvihast
B8] Biblicthek SysLibCalback b 1
B (2] Global Vaiisbles " mogesed by gvent
2 Adave configutabion £ i
g Lita sty Mansgar . e
- rborvalfe 5 200me}  [THTm: =
iljl PLC Corfigurabion
& Samplng Trate
e T st Seltngs ‘W abchdog
- Task C orhgLrsion r_ Mﬂm
S, Watch- and Riecips Manage Tanede.g 1E200ms] | | ;I
:.-3" ok space
Santitly: |
a | rFJ
) ] 3| o ' i : P R .
WP S0 [V A 4l "
0BD0O322vD1 en

Fig.8-13: Task Configuration

Via the IndraLogic menu under "Online - Login", the task configuration can be
loaded to the PLC with the program call and started with "Online - Start".

8.3.6 Visualization and Diagnostics
The results can be visualized by means of the drive-internal oscilloscope func-
tion. The user interface of this function can be found in the IndraWorks menu
under "Diagnosis — Start Oscilloscope”.

8.4 Commissioning and Testing

How to Proceed  Follow the steps below to commission the vibration damping:

®  Connect the (amplified) sensor signal to the IndraDrive control section

®  Adjust the sensor signal by means of the IndraWorks dialog of the analog
input

° Embed the "DRIVE_LIB_01V02.lib " library and program MLD for the de-
sired type of control

After you have carried out the steps listed above as described in the previous
chapters, it is now necessary that you adjust or optimize the superimposed
process controller. When setting the control loop proportional gain, take the
orientation of the axis acceleration with regard to the coordinate orientation of
the sensor into consideration in order not to cause positive feedback by the
control loop. In our case, the coordinate systems have been equally oriented,;
therefore, it is necessary to set a positive proportional gain.
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Acceleration
A

B

A Position 1)

+ Sensor orientation

Axis orientation
—_—

1) ... A Position = Axis position - sensor position

DFO00375v01 _en.fh

Fig.8-14. Coordinate Orientation

With the pictured setup, the process control for vibration damping was imple-
mented and the compensation of the parasitic vibration recorded by means of
the oscilloscope function at the place of installation of the acceleration sensor.

DCO00266v01 nn

1 Linear slide
2 Sensor
Fig.8-15: Mechanical Mode/
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8.5 Visualization and Diagnostics

The oscilloscope recording below shows the acceleration command value and
the actual acceleration value. It additionally shows the actuating variable of the
process loop ("P-0-0059, Additive position command value, controller") and the
actual position value of the slide. Triggering took place at the point of time when
process control had been switched on.

5Pl : i i | Aposition cmd.

4900

19m

29100

e el |

L300 BE

anson JR=

1 G300

& 0800
\
edback value ]
o) a ] ] i) i ] = L5ei) i) «:
W Memmp Geead T Wamlum  Eebel | Erbeliln
B sy 1 {1 | Eretin P Dol 1 ey oot Foaigim TS Tl v i X
= i1 1] Dol P 0 D) Lt ity Roghee L0 - 1000
B diy T [1] DtadP O-| B8 5P Skalen Flagrisl 511 o o)
Bl Buwer AL TP @A P Q0 2 Ligeaoliesrt Hagien] 24000 30 [0

Fig.8-16: Signal Sequence After Process Control Swifched On
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Vibration Damping With Superimposed Process Loop (Process Control With Intelligent Servo Axis)
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Fig.8-17: Detailed View of the Signal Sequence
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9 Service and Support

Our service helpdesk at our headquarters in Lohr, Germany and our worldwide
service will assist you with all kinds of enquiries. You can reach us around the
clock - even on weekend and on holidays.

Service Hotline

Helpdesk
Worldwide
Phone +49 (0) 9352 40 50 60 Outwith Germany please con-
Fax +49 (0) 9352 40 49 41 tact our sales/service office in

your area first.

For hotline numbers refer to
E-mail service.svc@boschrexroth.de  the sales office addresses on

the Internet.
http://www.boschrexroth.com
Internet You will also find additional notes regarding service, mainte-
nance (e.g. delivery addresses) and training.
Preparing Information  For quick and efficient help please have the following information ready:
®  Detailed description of the fault and the circumstances

e Information on the type plate of the affected products, especially type co-
des and serial numbers

®  Your phone, fax numbers and e-mail address so we can contact you in
case of questions.


mailto:service.svc@boschrexroth.de
http://www.boschrexroth.com
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