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1 Introduction to the product

1.1 Application range of linear direct drives

New technologies with a high economic use, demand more and more numer-
ic driven movements with partly extreme standards on acceleration, speed
and exactness.

Conventional NC-drives, consisting of a rotary electrical motor and mechani-
cal transmission elements like gearboxes, belt transmissions or gear rack
pinions, cannot fulfill these demands or, if only with high effort.

In many cases, the linear direct drive technology is an optimal alternative pro-
viding significant benefits:

e  High velocity and acceleration
e  Excellent control quality and positioning behavior

e  Direct power transfer — no mechanical transmission elements like ball
srew, toothed belt, gear rack, etc.

®  Maintenance-free drive (no wearing parts at the motor)
e  Simplified machine structure
e  High static and dynamic load rigidity

Fig. 1-1. Hustration example IndraDyn L

Due to the direct installation in to the machine, there are no wearing mechan-
ical components, making a power train with no backlash or minimized back-
lash available. This permits very high control qualities with a gain in the posi-
tion control loop (Kv factor) of more than 20 m/min/mm to be reached.

In conventional electromagnetic systems, positioning tasks with high feed
rates or highly accelerated short-stroke movements in quick succession lead
to a premature deterioration of mechanical parts and thus to loss and signifi-
cant costs. In these applications linear direct drives offer decisive advantag-
es.

Starting from the above-mentioned benefits, there are the following applica-
tion ranges for linear synchronous direct drives:

e  High-speed cutting in transfer lines and machining centers
®  Grinding, in particular camshaft and crankshaft machining
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® Laser machining

®  Precision and ultra-precision machining,
®  Sheet-metal working,

o Handling, textile and packaging machines
®  Free form surface machining

®  Wood machining,

®  Printed circuit board machining,
[}

Due to a practice-oriented combination of motor technology with intelligent
digital drive controllers the linear direct drive technique offers new solutions
with significantly improved performance.

The development status of the synchronous linear technique of Bosch
Rexroth permits a very high force density.

The spectrum of Bosch Rexroth synchronous linear drive technology, which
is described below, permits feed drive systems of 250 N up to 21.000 N per
motor and speed over 600 m/min.

The following diagram gives an overview of the performance spectrum of the
Bosch Rexroth motors type IndraDyn L.
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Fig. 1-2: Performance spectrum IndraDyn L motors
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1.2.1 Document structure
This documentation includes safety-related guidelines, technical data and
operating instructions. The following table provides an overview of the con-
tents of this documentation.
Chapter | Title Content
1 Introduction Prod.uct presgntatlon / Notes re-
garding reading
2 Important instructions on use
Important safety instructions
3 Safety
4 Technical data
5 Specifications
6 Type codes for
plan-
7 Accessories Product ners
de-
8 Connection technique scrip- ‘;‘;‘d
. e-
9 Operating condition and application tion sign- for
instructions ers ope-
rating
10 Motor-control-combination and
Prac- main-
11 Motor dimensioning tice
ten-
12 Handling, transport and storage ance
13 |Installati per
nstallation sonnel
14 Startup, operation and maintenance
15 Service & support
16 Appendix
Additional information
17 Index
Tab. 1-1: Chapter structure
1.2.2 Additional documentation

To plan the drive-systems with MLF motors, it is possible that you need addi-
tional documentation referring the used devices. Rexroth provides the com-
plete product documentation in PDF format in the following Bosch Rexroth
media directory:

http://www.boschrexroth.com/various/utilities/mediadirectory/index.jsp
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1.2.3 Standards

This documentation refers to German, European and international technical
standards. Documents and sheets on standards are subject to copyright pro-
tection and may not be passed on to third parties by Rexroth. If need be,
please contact the authorized sales outlets or, in Germany, directly:

BEUTH Verlag GmbH
Burggrafenstrasse 6

10787 Berlin, Germany

Tel. +49-(0)30-26 01-22 60

Fax +49-(0)30-26 01-12 60
Internet: http://www.din.de/beuth
Email: postmaster@beuth.de

1.2.4 Additional components

Documentation for external systems which are connected to Bosch Rexroth
components are not included in the scope of delivery and must be ordered
directly from the corresponding manufacturers.

For references to manufacturers, please refer to chapter 14 "Appendix" on
page 265.

1.2.5 Your feedback
Your experiences are an essential part of the process of improving both the
product and the documentation.
Please send your remarks to:
Bosch Rexroth AG
Dept. DC-IAJEDMS3 (fs, mb)
Buergermeister-Dr.-Nebel-Strasse 2
97816 Lohr am Main, Germany
Email: dokusupport@boschrexroth.de
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2 Important instructions on use

2.1 Appropriate use
2.1.1 Introduction

Bosch Rexroth products are designed and manufactured using the latest
state-of-the-art-technology. Before they are delivered, they are inspected to
ensure that they operate safely.

A WARNING Improper product handling may result in per-

sonal injury and property damage!

Only use the products as intended. If they are not used as intended, situa-
tions may arise resulting in personal injuries and property damage.

= For damage caused by products not being used as intended,
Bosch Rexroth gives no warranty, assumes no liability, and will
not pay for any damages. Any risks resulting from the products
not being used as intended are the sole responsibility of the user.

Before using the Bosch Rexroth products, the following condition precedent
must be fulfilled so as to ensure that they are used as intended:

e  Everyone who in any way whatsoever handles one of our products must
read and understand the corresponding notes regarding safety and re-
garding the intended use.

e If the products are hardware, they must be kept in their original state,
i.e., no constructional modifications may be made. Software products
may not be decompiled; their source codes may not be modified.

e  Damaged or improperly working products may not be installed or put in-
to operation.

e |t must be ensured that the products are installed according to the regu-
lations specified in the documentation.

21.2 Areas of use and application

Synchronous linear motors of the IndraDyn L series of Bosch Rexroth are de-
termined to be used as linear servo drive motors.

Drive device types with different driving powers and different interfaces are
available for an application-specific use of the motors.

It is necessary to control and monitor the motors to connect additional sen-
sors, e.g. length measuring systems.

= ®  The motors may only be used with the accessories specified
in this documentation. Components that are not explicitly
mentioned may neither be attached nor connected. The
same is applicable for cables and lines.

e  Operation is only allowed in the explicitly mentioned configu-
rations and combinations of the component and with the
software and firmware specified in the corresponding func-
tional description.
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Any connected drive controller must be programmed before startup in order
to ensure that the motor executes the functions specifically to the particular
application.

The motors may only be operated under the assembly, mounting and installa-
tion conditions, in the normal position, and under the environmental condi-
tions (temperature, degree of protection, humidity, EMC, etc.) specified in this
documentation.

2.2 Inappropriate use

Property right of third party

Any use of the motors outside of the fields of application mentioned above or
under operating conditions and technical data other than those specified in
this documentation is considered to be “inappropriate use”.

IndraDyn L motors must not be used if:

e they are subject to operating conditions which do not comply with the
ambient conditions described above; E.g. operation under water, under
extreme variations in temperature or extreme maximum temperatures is
not permitted.

®  The intended fields of application have not been expressly released for
the motors by Bosch Rexroth. Please be absolutely sure to comply with
the instructions given in the general safety instructions!

= IndraDyn L motors are not suited to be operated directly on the
power supply.

When compositing and using each components of Bosch Rexroth, absolutely
observe the property right of third party. For any violation of such rights, the
customer is liable for the resulting damage.
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3 Safety notes for electric drives and controls

3.1 Term definition

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

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

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

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

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

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

Manufacturer  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.

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

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

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

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

Qualified personnel  In terms of this application documentation, qualified persons are those per-
sons who are familiar with the installation, mounting, commissioning and op-
eration 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
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requires. To comply with these qualifications, it is necessary, among other
things,

1) to be trained, instructed or authorized to switch electric circuits and devi-
ces 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

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

3.2 General information
3.2.1 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 prod-
uct. Read and understand these safety instructions and all user documenta-
tion prior to working with these components. If you do not have the user doc-
umentation for the components, contact your responsible Bosch 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 compo-
nents 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  Bosch Rexroth is not liable for damages resulting from failure to observe
the safety instructions.

® Read the operating, maintenance and safety instructions in your lan-
guage before commissioning. If you find that you cannot completely un-
derstand the application documentation in the available language,
please ask your supplier to clarify.

o 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.

e  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 Bosch Rexroth.

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

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

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

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

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

The machine and installation manufacturers must

— make sure that the delivered components are suited for their indi-
vidual application and check the information given in this applica-
tion 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.

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

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

The instructions for installation in accordance with EMC requirements
can be found in the section on EMC in the respective application docu-
mentation.

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 has to comply with

European countries: In accordance with European EN standards
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)

Other countries:

— International Organization for Standardization (ISO)

— International Electrotechnical Commission (IEC)

3.2.3 Hazards by improper use

High electrical voltage and high working current! Danger to life or seri-
ous injury by electric shock!

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

Dangerous movements! Danger to life, serious injury or property dam-
age by unintended motor movements!

Health hazard for persons with heart pacemakers, metal implants and
hearing aids in proximity to electric drive systems!
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®  Risk of burns by hot housing surfaces!

e  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!
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3.3 Danger-related notes
3.3.1 Protection against Touch of Electric Parts and Housings
= This section concerns components of electric drive and control

systems with a voltage over 50 volt.

In the case of touching parts with a voltage higher than 50 volt, this can be
dangerous for personnell and can lead to electric shock. During operation of
components of electric drive and control systems, certain parts of these com-
ponents are inevitably under dangerous voltage.

High electrical voltage! Danger of life, risk of injury due to electric shock or
heavy bodily harm.

Operation, maintenance and/or repair of components of electric drive
and control systems may only be done by qualified personnel.

Observe the general construction and safety instructions about work on
high voltage systems.

Before switching on, establish the fixed connection of the protective con-
ductor to all electric components according to the interconnection dia-
gram.

Operation, even for short-term measuring and testing purposes, is only
permitted with the protective conductor securely connected to the com-
ponent points provided.

Disconnect electric components from the mains or from the power sup-
ply, before you have contact with electric parts with a voltage higher
than 50 V. Secure the electric components against restarting.

Observe for electrical components:

Please, always wait 30 minutes, after switch-off, so live capacitors dis-
charge before they have access to electric components. To exclude any
danger due to any contact, measure electric voltage of live parts before
working.

Before switch-on install the provided covers and protective devices for
the touch guard.

Do not touch any electric junctions of live components.
Do not disconnect or connect connectors under voltage.

High housing voltage and high discharge current! Danger! Risk of injury due
to electric shock!

Before switch-on and start-up, ground or connect the components of the
drive and control system with the protective conductors on the ground-
ing points.

Connect the protective conductors of the electric drive and control sys-
tems always fix and continuously with the external supply network.

Do a protective conductor connection with a minimum cross section ac-
cording to the following table.
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3.3.2

3.3.3

Minimum cross-sectional area Apg of the

Cross-sectional area A of the live wires .
protective conductor

A <16 mm? A
25 mm? < A £50 mm? 25 mm?
50 mm2< A Al2
Tab. 3-1: Minimum cross-section of protective conductor connection for motors

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 Bosch
Rexroth, all connections and terminals with voltages up to 50 volts are PELV
("Protective Extra-Low Voltage") systems. It is allowed to connect devices
equipped with basic insulation (such as programming devices, PCs, note-
books, display units) to these connections.

Danger to life, risk of injury by electric shock! High electrical voltage by incor-
rect 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 Bosch
Rexroth products, the connected extra-low voltage circuits must comply with
the requirements for PELV ("Protective Extra-Low Voltage").

Protection against dangerous movements

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

e  Improper or wrong wiring or cable connection

®  Operator errors

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

L 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 damage, this alone cannot be relied upon to ensure complete safety.
Until the integrated monitoring functions become effective, it must be as-
sumed in any case that faulty drive movements will occur. The extent of faulty
drive movements depends upon the type of control and the state of opera-
tion.

Dangerous movements! Danger to life, risk of injury, serious injury or property
damage!
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Safety notes for electric drives and controls

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 possible if safety devices are disabled, bypassed or not activated.

To avoid accidents, injury and/or property damage:

Keep free and clear of the machine’s range of motion and moving ma-
chine 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.

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.

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.

Additionally secure vertical axes against falling or dropping after switch-
ing 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 per-
sonal safety!

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

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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Safety notes for electric drives and controls

3.34 Protection against magnetic and electromagnetic fields

Magnetic and electromagnetic fields are created in the direct environment of
live conductors or permanent magnets of electro motors and are a serious
danger for certain persons. The machine operator must sufficiently protect
personnel working in these areas from possibly occurring damage by suitable
measures (e.g. warning notes, protective clothes, designation of the danger
zone). Observe the safety instructionschapter 3.3.6 "Protection during han-
dling and assembly" on page 24.

Observe the country-specific regulations. For Germany, please observe the
specifications of the occupational insurance association BGV B11 and BGR
B11 regarding “electromagnetic fields”.

Electro magnetic and magnetic fields!

Danger for persons with active body aids or passive metallic implants and for
pregnant women.

®  For persons with active body aids (like heart pacemakers), passive met-
allic implants (like hip prosthesis) and pregnant women possible haz-
ards exist due to electro magnetic or magnetic fields in direct environ-
ment of electric drive and control components and the corresponding
live conductors.

Access into these areas can be dangerous for these persons:

— Areas, in which components of electrical drive and control systems
and corresponding live conductors are mounted, activated or oper-
ated.

—  Areas in which motor parts with permanent magnets are stored, re-
paired or assembled.

®  Above mentioned persons must contact their attending physician before
entering these areas.

® Please observe the valid industrial safety regulations for plants which
are fitted with components of electrical drive and control systems and
corresponding live conductors.

Risk of destruction of sensitive parts! Data loss!

o  Keep watches, credit cards, check cards and identity cards and all ferro-
magnetic metal parts, such as iron, nickel and cobalt away from perma-
nent magnets.

Crushing hazard of fingers and hand due to heavy attractive forces of the
magnets!

The attractive force of the permanent magnets have an effect on all magnetic
materials. Especially in an area < 100 mm, the attractive forces rise. Loose or
not fastened components made of magnetizable materials can abruptly and
inadvertently attracted with the permanent magnets.

o Extreme caution during handling of motor components with permanent
magnets. Do never underestimate strong attractive forces.

° Never work alone.

o Use personal safety equipment (e.g. protective gloves, protective
glasses).

o Do not unpack several motor components with permanent magnets or
directly place them side by side at your working space.
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Safety notes for electric drives and controls

e  Unpack single motor components with permanent magnets immediately
prior mounting and mount them immediately.

e Do not bring magnetized or magnetizable materials in the area of per-
manent magnets. If using magnetizable tools cannot be avoided, hold
on the tool very tight, move carefully and observe the attractive force ef-
fect of the permanent magnets.

Behavior in the case of accidents with permanent magnets

During work with permanent magnets, the following emergency tools must be
ready to use in the case of an accident to release impacted body parts (like
fingers, hands, arms a.s.o0.):

e  Hammer (3-5kg) made of non-magnetized material like brass

e  Minimum 2 wedges with approx. 10 - 15 ° lip angles made of non-mag-
netized material like brass, wood or similar to impact driving into the cut-
ting slit.

In the case of an accident:

e Keep calm!

e If the machine is under load, de-energize immediately (emergency
stop).

e  Give first aid or request appropriate help (e.g. emergency doctor).

®  Separate inherent parts via emergency tools to loose clamped body
parts, like fingers, hand, foot, for example.

—  Therefore, beat the wedges with a hammer into the cutting slit to
free the caught body parts.

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
minutes! 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.

®  For certain applications, and in accordance with the respective safety
regulations, the manufacturer of the machine or installation must take
measures to avoid injuries caused by burns in the final application.
These measures can be, for example: Warnings at the machine or in-
stallation, guards (shieldings or barriers) or safety instructions in the ap-
plication documentation.
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3.3.6 Protection during handling and assembly

Motor components with permanent magnets (e.g. secondary parts of a syn-
chronous linear motor or rotor of a synchronous kit motor) create very strong
attractive forces from ferromagnetic parts like further motor components with
permanent magnets or parts of iron, nickel or cobalt.

Please observe the safety notes about strong attractive forces of permanent
magnets under chapter 3.3.4 "Protection against magnetic and electromag-
netic fields" on page 22.

The attractive forces of the permanent magnets influence all magnetizable
materials. Especially in an area < 100 mm, the attractive forces rise. Sur-
rounding components can abruptly and inadvertently be attracted by the per-
manent magnets.

Use the origin package of the motor components for transport and storage
only. The origin package of Rexroth is constructed in such a way that the mo-
tor components with the permanent magnets are positioned within the pack-
age with suitable distance, providing that the package is correctly used.

Observe the following instructions during unpacking and handling.
® |Instruct the personal with regard to the danger.
° Use personal safety equipment (e.g. protective gloves, protective

glasses).

e  Store all components in its origin package until assembly and for trans-
port.

® Do only work on clean working spaces in which no ferromagnetic parts
exist.

® [f possible, use non-magnetic tools, e.g. made from aluminum or brass.

e  Remove only one motor component from the package and secure it on
your working space against slipping, rolling away.

Instruct all participating persons about the dangers and if necessary, expand
the preliminary instructions.

Store the original package of the motor components with permanent magnets
Store the original package for later use.

In the case of reuse, ensure a good readability of the safety notes on the
package. They must not be paste over!

Risk of injuries due to improper handling! Bodily injury due to crushing, scis-
sors, cutting, punching!

®  Observe the instructions on the package.

e  Store the motor components with permanent magnets in the original
package, only.

o Do not internally store or transport the motor components unpacked.
e  Observe the accident prevention regulations.
o Use suitable assembly and transport equipment.
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3.3.7 Battery safety

Safety notes for electric drives and controls

Prevent clamping and squeezing by means of suitable measures.
Use suitable tools, if necessary use special tools.
Properly use lifting devices and tools.

Use suitable safety equipment (like protective helmets, protective
glasses, safety shoes, protective gloves).

Never walk under hanging loads.
Immediately remove spill on the ground, otherwise risk of falling!

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 regula-
tions. Dispose of used batteries separately from other waste. Ob-
serve 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 sup-
plied with externally fed, pressurized media, such as compressed air, hy-
draulics oil, cooling liquids and cooling lubricants. Improper handling of the
connected supply 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 ex-
plosion).

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
falling!
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Safety notes for electric drives and controls

3.4

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.

8

Explanation of signal words and the Safety alert symbol

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

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

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

A DANGER

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 in-
jury could occur.

NOTICE

In case of non-compliance with this safety instruction, property damage could
occur.
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4 Technical data

4.1 Explanations about technical data
4.1.1 General

All relevant technical motor data as well as the functional principle of this mo-
tors are given on the following pages in terms of tables and characteristic
curves. The following dependents are observed:

®  Frame size and frame length of the primary part
®  Winding design primary part
e  Available power connection or intermediate circuit voltage

15 All given data and characteristic curves are relating on the follow-
ing conditions, if no others are specified:

®  Motor-winding temperature 135 °C.
®  Nominal air gap
®  Cooling method water, supply temperature 30 °C

15y Resulting data from certain motor-controller combinations can dif-
fer from the given data.

4.1.2 Operating behavior

The characteristic curve “force over speed” is specified as a characteristic
curve The basic parameters and the run of the characteristic curve is defined
by the height of the intermediate circuit voltage and by the corresponding mo-
tor specific data, like e.g. inductivity, resistance, force constant and so on. By
varying the intermediate circuit voltage (different controllers or supply mod-
ules and connection voltages) and different motor windings result in different
characteristics result.
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Geschwindigkeit / Speed
Fn* To avoid damaged winding in standstill operation, limit the cur-
rent or the operation duration.
@ When using the motor in this operating range, observe the
notes under chapter 10.6 "Operation at or near motor stand-
still" on page 210
Fig. 4-1: Example motor characteristic curve
Iy The reachable motor force depends on the drive control device

used. The reference value for the technical data and the figured
characteristic curves of the motor, is an unregulated DC bus volt-
age of 540 Vpc.

The maximum force F,,,, is available up to a speed Vg, When the velocity
rises, the available DC bus voltage is reduced by the velocity-dependent
back electromotive force of the motor. This leads to a reduction of the maxi-
mum feed force at rising velocity. The characteristic curves are specified up
to the continuous nominal force. The velocity that belongs to the continuous
nominal force is known as nominal velocity vy.

= For deviating connection or intermediate circuit voltage, the speci-
fied characteristic curves - linear - can be converted according to
the existing voltages.

Where power supply modules with unregulated DC bus voltage
are concerned, possible voltage drops must be taken into account
that can be caused by simultaneous acceleration of several axes.

Example:

_ UDC,neu .
r-'|:LJ,:,,::,neu:| = EADY Mrenn

Fig. 4-2: Formula for conversion
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Mimaxrsoy = Mmax = constant  Mpannzsoy = Mpgpn = constant

Mimax7any = m Minax Menn7a0y = m Mnenn

a0y a0y

Fig. 4-3:

Conversion example fo DC bus voltage 750V

The following interrelations exist for the parallel connection of two primary
parts at one drive controller:

° Doubli
ler)

ng of currents and feed forces (unless limited by the drive control-

®  Speed Veyax and vyenn as for single arrangement

e  The same motor and voltage constant (kig, Kg)

° Halved motor resistances and inductances.

90
Fmax
R r—————cosopossoos
Fmax
FN t————————— L
I I
I I
I |
I |
| |
| |
| | o
I T >
VFmax VN Viax @
@ Feed force[N]
® Velocity [m/min].
® Single arrangement
Parallel arrangement
Fig. 4-4 Characteristic curve about force vs. velocity at for single and parallel
connection of primary parts fo one drive controller
= For parallel connection of two primary parts at one drive control-

ler, appropriate motor parameters for start-up are specified in this
documentation (see chapter 13 "Commissioning, operation and
maintenance" on page 245).
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41.3

Maximum force F .

Continuous nominal force Fy

Maximum current |,

Rated current I

Maximum veloGity Vimax With Fpax

Nominal velocity vy

Force constant Kiey
Voltage constant Kgyr at 20 °C

Winding resistance Ry, at 20 °C
Winding inductivity L4,

Power wire cross-section A

Pole width Tp

Attractive force Farr

Thermal time constant T,

DOK-MOTOR*-MLF********.PR05-EN-P
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Characteristics

Available maximum force at maximum current |,,.. Unit Newton [N]. The

maximum torque that can be attained depends on the drive control device
used.

Available continuous nominal force in operating mode S1 (continuous opera-
tion) at standstill Unit Newton [N].

Maximum current (root-mean-square) of the motor at F,,,. Unit Ampére [A].

Phase current (effective value) of the motor at a nominal velocity and load
with continuous nominal force. Unit Ampére [A].

From the manufacturer defined maximum velocity with maximum force F,.
Unit [m/min]. The velocity reached depends on the DC bus voltage of the
used drive control device.

Reachable nominal velocity at continuous nominal force Fqy. Unit [m/min].

The velocity reached depends on the DC bus voltage of the used drive con-
trol device.

Relation of force increase to increase of force-creating current. Unit [N/A].
Valid up to continuous nominal current Iyy.

Electromagnetic force. Induced motor voltage (effective value) dependent on
the travel velocity regarding the velocity 1m/s. unit [Vs/m].

Measured winding resistance among two strands. Unit Ohm [Q].

Measured winding inductivity between two strands. Unit [mH]. The defined
measuring values are fluctuating due to boundary effects. This details are
typical values, which are determined with a measuring current of 1 mA at a
measuring frequency of 1 kHz.

Necessary power wire cross-section rated for cable assemblies with current
carrying capacity according to VDE0298-4 (1992) and installation type B2 ac-
cording to EN 60204-1 (1993) at 40°C ambient temperature. The power wire
cross section in mm?, specified in the data sheets, can deviate depending on
the selected type of connection - plug or terminal box. When selecting the ap-
propriate power cable, please observe the specifications in Chapter 8 on
page 111 and the documentation of Rexroth about connection cables, MNR
R911322949 (EN).

Distance dimension of pole center to pole center of the magnets on the sec-
ondary part. Unit Millimeter [mm].

Maximum attractive force among primary and secondary part at nominal air

gap 0 and currentless primary part. Unit Newton [N]. Also refer toChapter
9.14 on page 146.

Duration of the temperature rise to 63 % of the final temperature of the wind-
ing under load with continuous nominal force in S1-operation and liquid cool-

ing.
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Mass primary part with standard
encapsulation mpg

Mass primary part with thermal en-
capsulation mpy

Mass secondary part mg
Power loss to be dissipated Py,

Coolant inlet temperature T,

Allowed coolant temperature rise
at AT, o at Py

Necessary coolant flow Qpr,

Pressure loss Ap at Qp,

Constant to determine the pres-
sure loss kg,

Volume of coolant duct
Maximum permitted supply pres-

SUre Prmax

E-file number

Technical data

@ ~ Bbx Tth
N >
100% pF---max ___ ________ L
T I
63% [*—_ ] fh_ ® \ 2
I I O
I I S
I ! g
0% : ' g
° t/min 2
@ Chronological course of the winding temperature
Omax Max. winding temperature
Tin Thermal time constant
Fig. 4-5: Thermal time constant

Mass primary part with standard encapsulation. Unit Kilogram [kg].
Mass primary part with thermal encapsulation. Unit Kilogram [kg].

Mass of secondary part Unit Kilogram [kg].

Power loss in operation mode S1 (continuous operation) at nominal velocity
vy. Unit Watt [W].

Permissible coolant inlet temperatures. Unit [°C]. The coolant inlet tempera-
ture should be maximum 5°C lower than the existing ambient temperature
Tum- At a higher temperature difference, danger of condensation exists!
Please, observe the notes in Chapter 9.15 on page 150 about coolant inlet
temperature.

Temperature difference between coolant inlet and outlet temperature during
operation with liquid cooling (coolant water) and rated power loss Pyy. Unit
Kelvin [K].

Necessary coolant flow to keep the specified rated feed force. Unit [I/min].

Please, observe the notes in Chapter 9.15.6 on page 159 about calculation
of flow rate.

Pressure loss within the internal coolant circuit of the motor Q,,,,. Please, ob-
serve the notes in Chapter 9.15.6 on page 159 about calculation of flow
rate.

Constant to determine the pressure loss within the motor internal coolant sys-
tem with coolant water. Please, observe the notes in Chapter 9.15.6 on page
159 about calculation of flow rate.

Volume of coolant duct dependent from standard or thermo encapsulation.
Unit Liter [ 1]

Maximum permitted inlet pressure of the liquid cooling on the motor with cool-
ant water. Unit [bar].

Test number of UL (=Underwriters Laboratories Inc.) certified products.
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General technical data
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For the sake of clarity, the following table contains data which is applicable to
all motor frame sizes. In this context, however, the comments on the individu-
al items in Chapter “Application notes” must be observed.

Designation

Symbol

Unit

MLPxxx MLSxxx

Ambient temperature in operation

(see Fig. 9-1 on page 125)

Tamb

°C

0..+40

Allowed transport temperature
(see Fig. 11-2 on page 228)

Tr

°C

-20 ... +80

Allowed storage temperature
(see Fig. 11-4 on page 232)

°C

-20 ... +60

Coolant inlet temperature

(see Coolant inlet temperature on page 158

°C

+15 ... +40

Allowed coolant temperature rise at Py,

ATfT‘IaX

10

Max. permitted secondary part temperature in
operation

TSmax

°C

/ 70 °C

Temperature class according to
DIN EN 60034-1

155(F) /

Warning temperature (winding)

Twarn

°C

145 /

Shutdown temperature (winding)

Tshut

°C

155 /

Degree of protection according to DIN EN
60034-5

IP65

E-file number

E341734

RoHS conformity according to EC guidelines
2002/95/EG

RoHS conform

Latest amendment: 2012-05-03

Tab. 4-1:

General technical data
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4.3 Technical data - Frame size 040
4.3.1 Data MLP040

Parameter Symbol Unit MLP040

Frame lengths A B

Winding 0300 0150 0250 0300
Maximum force F max N 800.0 1,150.0

Continuous nominal force Fy N 250.0 370.0

Maximum current Imax(ef) A 18.0 18.7 28.3 36.9
Rated current In A 3.8 3.9 5.6 6.3
Maximum velocity at F VEmax m/min 300 150 250 300
Nominal velocity VN m/min 500 300 400 500
Force constant Ken N/A 66.10 94.40 66.80 58.60
Voltage constant Kemk Vs/m 38.1 54.4 38.5 33.8
Winding resistance at 20 °C Ri2 Ohm 8.6 12.8 6.3 5.0
Winding inductivity Lo mH 51.5 78.8 37.6 28.9
Power wire cross-section A mm? 1.0

Pole width t, mm 37.5

Attractive force Farr N 1,200.0 1,700.0

Thermal time constant Tin min 24

gﬂna(;s;psz:;n:iz;y part with standard Mps kg 47 6.1

(I\:/Iaa;sssmr;:ii:)nnary part with thermo en- Mpr kg 6.1 8.1

Data liquid cooling

Power loss to be dissipated Py W 400 550

Necessary coolant flow at P, Qmin I/min 0.6 0.8

Pressure loss at Qpin Ap bar 0.06 0.11

l(())zzstant to determine the pressure Kep _ 0.16

\e/:LL;?:u'inoioolant duct standard Voo s 0027 0034
l/;;l;aztg‘ncoolant duct thermo en- Vool T | 0043 0.05

Maximum allowed inlet pressure Pmax bar 10.0

Tab. 4-2:

MLPO40 - Technical data



34/277 Bosch Rexroth AG

Technical data

4.3.2

DOK-MOTOR*-MLF********.PR05-EN-P
Rexroth IndraDyn L MLF Synchronous Linear Motors

Motor characteristic curves frame size 040
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Fig. 4-6:

Motor characteristic curves MLPO40A-0300
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Fig. 4-7:

Motor characteristic curves MLP0O40B-0150
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MLP040B-0250
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Fig. 4-8: Moftor characteristic curve MLP040B-0250
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Fig. 4-9: Moftor characteristic curve MLP040B-0300
4.3.3 Data MLS040
Desianation Svmbol Unit MLS040S-3A-0150- | MLS040S-3A-0450- | MLS040S-3A-0600-
. v NNNN NNNN NNNN
Secondary part mass Mg kg 0.8 24 3.2

Tab. 4-3:

MLS040 - Technical data
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Technical data - Frame size 070

441 Data MLPO70A

Parameter Symbol Unit MLPO70

Frame lengths A

Winding 0150 0220 0300
Maximum force F max N 2,000.0

Continuous nominal force Fy N 550.0

Maximum current Imax(ef) A 29.6 40.5 42.0
Rated current In A 4.5 6.1 8.0
Maximum velocity at F ., VEmax m/min 150 220 300
Nominal velocity VN m/min 200 360 450
Force constant Ken N/A 121.70 90.70 68.70
Voltage constant Kemk Vs/m 70.2 52.3 39.6
Winding resistance at 20 °C Rz Ohm 9.0 4.7 2.9
Winding inductivity Lo mH 55.7 26.9 17.1
Power wire cross-section A mm? 1.0

Pole width t, mm 37.5

Attractive force Farr N 2,900.0

Thermal time constant Tin min 24

Z/Inacs;pspl);;ntlii;y part with standard Mps kg 8.4

E/Iaa;)sssmz:ii?:ry part with thermo en- Mpr kg 10.9

Data liquid cooling

Power loss to be dissipated Py W 780

Necessary coolant flow at P, Qmin I/min 1.1

Pressure loss at Quin Ap bar 0.2

I(;cs)zstant to determine the pressure Kgp _ 018

Volume of coolant duct

Standard encapsulation Vaools ! 0.042

Volume of coolant duct

Thermal encapsulation Veool 7 ! 0.06

Maximum allowed inlet pressure Pmax bar 10.0

Tab. 4-4.

MLPO70A - Technical data
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Technical data

Motor characteristic curves MLPO70A
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Motor characteristic curves MLP0O70A-0150
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Motor characteristic curves MLP0O70A-0220
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MLP070A-0300
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Fig. 4-12: Motor characteristic curves MLPO70A-0300



DOK-MOTOR*-MLF********.PR05-EN-P
Rexroth IndraDyn L MLF Synchronous Linear Motors

Bosch Rexroth AG

Technical data

443 Data MLP070B

Parameter Symbol Unit MLPO70

Frame lengths B

Winding 0100 0120 0150 0250 0300
Maximum force F max N 2,600.0

Continuous nominal force Fy N 820.0

Maximum current Imax(ef) A 23.6 42.8 56.8 571 67.7
Rated current In A 4.6 5.9 7.3 10.4 11.6
Maximum velocity at F,, VEmax m/min 100 120 150 250 300
Nominal velocity VN m/min 200 220 260 400 450
Force constant Ken N/A 176.70 138.80 111.90 79.10 70.70
Voltage constant Kemk Vs/m 101.9 80.1 64.6 45.6 40.8
Winding resistance at 20 °C R, Ohm 14.9 9.2 6.1 3.0 5.7
Winding inductivity L4, mH 89.0 55.3 35.0 17.0 36.2
Power wire cross-section A mm? 1.0

Pole width ty mm 37.5

Attractive force Farr N 3,750.0

Thermal time constant Tin min 2.4

(I;/Inacsaspszrliant}z;y part with standard Mps kg 104

(l\:/;a;)sssugii?nary part with thermo en- Mpr kg 13.4

Data liquid cooling

Power loss to be dissipated Py W 900

Necessary coolant flow at Py, Qmin I/min 1.3

Pressure loss at Qpin Ap bar 0.3

gzgstant to determine the pressure Kap _ 018

Volume of coolant duct

Standard encapsulation Vool 0.059

Volume of coolant duct

Thermal encapsulation VeooL7 ! 0.082

Maximum allowed inlet pressure Prmax bar 10.0

Tab. 4-5:

MLPO70B - Technical data
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Motor characteristic curves MLP0O70B
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Moftor characteristic curves MLP070B-0100
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Fig. 4-14:

Motor characteristic curves MLPO70B-0120
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MLP070B-0150
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Fig. 4-15: Moftor characteristic curves MLPO70B-0150
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Fig. 4-17: Motor characteristic curves MLPO70B-0300
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44.5 Data MLP0O70C

Parameter Symbol Unit MLPO70

Frame lengths Cc

Winding 0030 0120 0150 0240 0300
Maximum force Pl N 1,900.0 3,800.0

Continuous nominal force Fy N 1,200.0

Maximum current Imax(ef) A 6.5 56.9 65.9 107.9 106.7
Rated current In A 3.7 9.2 11.0 15.6 18.4
Maximum velocity at F . VEmax m/min 30 120 150 240 300
Nominal velocity VN m/min 70 180 250 350 450
Force constant Ken N/A 326.10 130.40 109.10 77.10 65.20
Voltage constant Kemk Vs/m 188.7 75.2 62.9 44.5 37.6
Winding resistance at 20 °C R, Ohm 4.0 5.7 4.05 2.0 1.46
Winding inductivity L4, mH 22.6 36.2 24.5 11.6 10.2
Power wire cross-section A mm? 1.0 25
Pole width ty mm 37.5

Attractive force Farr N 5,500.0

Thermal time constant Tin min 24

Mass primary part with standard

encapsulation Mps kg 14.3
Mass prl.mary part with thermo en- Mpr kg 18.4
capsulation
Data liquid cooling
Power loss to be dissipated Py W 1100
Necessary coolant flow at Py, Qmin I/min 1.6
Pressure loss at Qpin Ap bar 0.4
Constant to determine the pressure Kap _ 019
loss
Volume of coolant duct

VcooLS | 0.078
Standard encapsulation
Volume of coolant duct

Veool T | 0.111
Thermal encapsulation
Maximum allowed inlet pressure Prmax bar 10.0

Tab. 4-6: MLPO70C - Technical data
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Motor characteristic curves MLP0O70C
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Motor characteristic curves MLP0O70C-0030

MLP070C-0120
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Motor characteristic curves MLPO70C-0120



447277 Bosch Rexroth AG DOK-MOTOR*-MLF********.PR05-EN-P
Rexroth IndraDyn L MLF Synchronous Linear Motors

Technical data

MLP070C-0150
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Fig. 4-22: Motor characteristic curves MLPO70C-0300
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Technical data

Designation Svmbol Unit MLS070S-3A-0150- | MLS070S-3A-0450- | MLS070S-3A-0600-
9 4 NNNN NNNN NNNN
Secondary part mass Mg kg 1.4 4.2 5.6

Tab. 4-7:

MLSO070 - Technical data
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4.5 Technical data - Frame size 100
451 Data MLP100A

Parameter Symbol Unit MLP100

Frame lengths A

Winding 0090 0120 0150 0190
Maximum force F max N 3,750.0

Continuous nominal force Fy N 1,180.0

Maximum current Imax(ef) A 34.2 40.5 50.8 69.2
Rated current In A 5.9 7.4 9.2 11.9
Maximum velocity at F,, VEmax m/min 90 120 150 190
Nominal velocity VN m/min 150 190 220 290
Force constant Ken N/A 198.90 160.40 127.80 99.50
Voltage constant Kemk Vs/m 114.80 92.5 73.8 57.4
Winding resistance at 20 °C Rz Ohm 12.0 7.9 4.9 3.0
Winding inductivity L1z mH 66.9 43.8 27.3 16.5
Power wire cross-section A mm? 1.0

Pole width t, mm 37.5

Attractive force Farr N 5,400.0

Thermal time constant Tin min 2.4

Mass primary part with standard

encapsulation Mps kg 135
Mass prl'mary part with thermo en- Mpr kg 170
capsulation
Data liquid cooling
Power loss to be dissipated Py w 1500
Necessary coolant flow at Py, Qmin I/min 2.0
Pressure loss at Quin Ap bar 0.3
Constant to determine the pressure Kgp _ 0.19
loss
Volume of coolant duct

. Veools | 0.071
Standard encapsulation
Volume of coolant duct

. VcooLT | 0.114
Thermal encapsulation
Maximum allowed inlet pressure Pmax bar 10.0

Tab. 4-8: MLP100A - Technical data
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Motor characteristic curves MLP100A
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Motor characteristic curves MLP100A-0090
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Motor characteristic curves MLP100A-0120
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MLP100A-0150
4000

Frnax

3600

3200 \
2800 \
2400 \
2000 \
1600
1200 A \
800 \
400 \

0 50 100 150 200 250 300 350
Geschwindigkeit ! Speed [m/min]

Kraft / Force [N]

Fig. 4-25: Moftor characteristic curves MLP100A-0150
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Fig. 4-26: Moftor characteristic curves MLP100A-0190
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4.5.3 Data MLP100B, MLP100C

Parameter Symbol Unit MLP100

Frame lengths B C

Winding 0030 0120 0250 0090 0120 0190
Maximum force [ N 3,000.0 5,600.0 7,150.0
Continuous nominal force Fy N 1,785.0 2,310.0
Maximum current Imaxeff) A 9.7 71.2 142.6 83.6 84.9 147.1
Rated current In A 5.1 12.2 24 1 12.1 15.0 24.2
Maximum velocity at F,,, VEmax m/min 30 120 250 90 120 190
Nominal velocity VN m/min 70 190 350 170 190 290
Force constant Ken N/A 352.40 146.30 74.10. 191.30 154.20 95.70
Voltage constant Kemk Vs/m 203.4 84.4 42.7 110.4 89.0 55.2
Winding resistance at 20 °C R, Ohm 26.4 4.5 1.2 6.0 4.0 1.5
Winding inductivity L4, mH 137.0 25.6 6.5 35.3 22.6 8.5
Power wire cross-section A mm? 1.0 25 1.0 1.5 4.0
Pole width ty mm 37.5

Attractive force Farr N 8,000.0 10,400.0

Thermal time constant Tin min 2.4

(I;/Inacsaspszrliant}z;y part with standard Mps kg 18.7 24.0
(l\:/;a;)sssugii?nary part with thermo en- Mpr kg 23.3 297

Data liquid cooling

Power loss to be dissipated Py W 1,300 1,600
Necessary coolant flow at Py, Qmin I/min 1.9 2.3

Pressure loss at Qpin Ap bar 0.5 0.8

gzgstant to determine the pressure Kap _ 018 019

Volume of coolant duct

Standard encapsulation Vool 01 013

Volume of coolant duct

Thermal encapsulation VeooL7 ! 0164 0-212

Maximum allowed inlet pressure Prmax bar 10.0

Tab. 4-9: MLP100B, MLP100C - Technical data
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Motor characteristic curves MLP100B
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Motor characteristic curves MLP100B-0030

6000

MLP100B-0120

5500

F nax

5000

4500

4000

3500

3000

2500

Kraft | Force [N]

2000

1500

1000

500

N\

\

40 30 120 160 200 240 280 320 360 400
Geschwindigkeit / Speed [m/min]

Fig. 4-28:

Moftor characteristic curves MLP100B-0120
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Motor characteristic curves MLP100B-0250
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Motor characteristic curves MLP100C
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Motor characteristic curves MLP100C-0090
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Motor characteristic curves MLP100C-0120
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Motor characteristic curves MLP100C-0190
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4.5.6 Data MLS100

By Symbol Unit MLS100S-3A-0150- | MLS100S-3A-0450- | MLS100S-3A-0600-

NNNN NNNN NNNN
Secondary part mass Mg kg 2.0 6.0 8.0
Tab. 4-10: MLS100 - Technical data

4.6 Technical data - Frame size 140
4.6.1 Data MLP140A, MLP140B

Parameter Symbol Unit MLP140

Frame lengths A B

Winding 0030 0120 0090 0120
Maximum force F max N 3,000.0 5,200.0 7,650.0
Continuous nominal force Fn N 1,680.0 2,415.0
Maximum current Imax(ef) A 10.5 70.8 79.3 103.8
Rated current In A 5.0 12.1 14.0 17.8
Maximum velocity at F ., VEmax m/min 30 120 90 120
Nominal velocity VN m/min 75 190 160 190
Force constant Ken N/A 337.60 138.50 172.80 135.80
Voltage constant Kemk Vs/m 194.9 79.9 99.7 78.3
Winding resistance at 20 °C Ri2 Ohm 3.6 4.3 2.6
Winding inductivity L1z mH 20.2 23.1 14.2
Power wire cross-section A mm? 1.0 1.5 2.5
Pole width ty mm 37.5

Attractive force Farr N 7,500.0 11,000.0
Thermal time constant Tin min 2.4

(I;/Inacsaspszrliar:t:i;y part with standard Mps kg 17.0 245
(l\:/lae;)sssmz:iiron:ry part with thermo en- Mpr kg 212 30.1

Data liquid cooling

Power loss to be dissipated Py W 1,300 2,512
Necessary coolant flow at Py, Qmin I/min 1.9 3.6
Pressure loss at Qi Ap bar 0.6 0.9
I(())c;gstant to determine the pressure Keo _ 018

Volume of coolant duct

Standard encapsulation VaooLs ! 0.087 0123
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Parameter

Symbol

Unit

MLP140

Frame lengths

Winding

0030

0120

0090

0120

Volume of coolant duct

Thermal encapsulation

VCOOLS

0.145

0.214

Maximum allowed inlet pressure

pmax

bar

10.0

4.6.2

Tab. 4-11:

MLP140A, MLP140B - Technical data

Motor characteristic curves MLP140A
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Motor characteristic curves MLP140A-0030
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Motor characteristic curves MLP140A-0120
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46.3 Motor characteristic curves MLP140B
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Motor characteristic curves MLP140B-0090
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Fig. 4-36. Moftor characteristic curves MLP140B-0120
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Technical data

Parameter Symbol Unit MLP140
Frame lengths C
Winding 0050 0120 0170 0350
Maximum force F max N 10,000.0
Continuous nominal force Fy N 3,150.0
Maximum current Imaxeff) A 78.6 122.9 137.8 231.1
Rated current In A 14.6 20.7 28.5 471
Maximum velocity at F,,, VEmax m/min 50 120 170 350
Nominal velocity VN m/min 110 190 250 400
Force constant Ken N/A 215.90 152.60 110.40 66.90
Voltage constant Kemk Vs/m 124.6 88.1 63.7 38.6
Winding resistance at 20 °C R, Ohm 5.2 2.55 1.34 0.49
Winding inductivity L4, mH 28.5 13.0 6.8 2.6
Power wire cross-section A mm? 1.0 25 4.0 10.0
Pole width ty mm 37.5
Attractive force Farr N 14,400.0
Thermal time constant Tin min 24
(I;/Inacsaspszrliant}z;y part with standard Mps kg 32.0
(l\:/;a;)sssugii?nary part with thermo en- Mpr kg 38.9
Data liquid cooling
Power loss to be dissipated Py W 2000
Necessary coolant flow at Py, Qmin I/min 2.9
Pressure loss at Qpin Ap bar 1.2
gzgstant to determine the pressure Kap _ 320
Volume of coolant duct
Standard encapsulation Vool 0-159
Volume of coolant duct
Thermal encapsulation VeooL7 ! 0277
Maximum allowed inlet pressure Prmax bar 10.0

Tab. 4-12: MLP140C - Technical data
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Motor characteristic curves MLP140C
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Motor characteristic curves MLP140C-0050
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Motor characteristic curves MLP140C-0120
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Motor characteristic curves MLP140C-0170
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MLP140C-0350
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Fig. 4-40:

Motor characteristic curves MLP140C-0350

Designation

Symbol

Unit

MLS140_-__-0150

MLS140_-__-0450

MLS140_-__-0600

Secondary part mass

Mg

kg

2.8

8.5

11.3

Tab. 4-13:

MLS 140 - Technical data
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4.7 Technical data - Frame size 200
4.7.1 Frame size MLP200A, MLP200B

Parameter Symbol Unit MLP200

Frame lengths A B

Winding 0090 0120 0040 0120
Maximum force F max N 7,450.0 10,900.0
Continuous nominal force Fy N 2,415.0 3,465.0
Maximum current Imax(ef) A 69.6 81.3 74.2 128.6
Rated current In A 12.9 14.8 13.8 21.8
Maximum velocity at F,, VEmax m/min 90 120 40 120
Nominal velocity VN m/min 170 190 100 190
Force constant Ken N/A 186.70 163.50 251.40 159.30
Voltage constant Kemk Vs/m 107.8 94.3 145.1 91.9
Winding resistance at 20 °C Rz Ohm 4.5 2.3 5.7 2.34
Winding inductivity L1z mH 22.7 14.0 29.7 121
Power wire cross-section A mm? 1.0 2.5 1.0 2.5
Pole width t, mm 37.5

Attractive force Farr N 10,700.0 15,600.0
Thermal time constant Tin min 2.4

Z/Inacs;pspl);;ntlii;y part with standard Mps kg 230 33.0
E/Iaa;)sssmz:ii?:ry part with thermo en- Mpr kg 283 40.0

Data liquid cooling

Power loss to be dissipated Py w 1,700 2,200
Necessary coolant flow at P, Qmin I/min 2.4 3.2
Pressure loss at Qi Ap bar 0.9 14
I(;cs)zstant to determine the pressure Kgp _ 0.18

Volume of coolant duct

Standard encapsulation Vool ! 011 0157
Volume of coolant duct

Thermal encapsulation Voool 1 ! 0.185 0277
Maximum allowed inlet pressure Prmax bar 10.0

Tab. 4-14:

MLP200A, MLP200B - Technical data
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Motor characteristic curves MLP200A
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Fig. 4-41: Motor characteristic curves MLPZ200A-0090
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Motor characteristic curves MLP200A-0120
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Motor characteristic curves MLP200B
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Motor characteristic curves MLP200B-0040
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Motor characteristic curves MLP200B-0120
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4.7.4 Data MLP200C

Parameter Symbol Unit MLP200

Frame lengths C

Winding 0090 0120 0170
Maximum force F max N 14,250.0

Continuous nominal force Fy N 4,460.0

Maximum current Imax(ef) A 117.9 165.6 162.6
Rated current In A 22.9 28.4 35.6
Maximum velocity at F,,, VEmax m/min 90 120 170
Nominal velocity VN m/min 170 190 220
Force constant Ken N/A 194.10 157.20 125.30
Voltage constant Kemk Vs/m 112.5 90.7 72.3
Winding resistance at 20 °C R, Ohm 2.64 1.76 1.08
Winding inductivity L4, mH 13.6 9.0 5.7
Power wire cross-section A mm? 4.0 6.0 10.0
Pole width ty mm 37.5

Attractive force Farr N 20,500.0

Thermal time constant Tin min 2.4

(I;/Inacsaspszrliant}z;y part with standard Mps kg 420

(l\:/;a;)sssugii?nary part with thermo en- Mpr kg 50.7

Data liquid cooling

Power loss to be dissipated Py W 2,700

Necessary coolant flow at Py, Qmin I/min 3.9

Pressure loss at Qpin Ap bar 2.0

gzgstant to determine the pressure Kap _ 019

Volume of coolant duct

Standard encapsulation Vool 0203

Volume of coolant duct

Thermal encapsulation VeooL7 ! 0-358

Maximum allowed inlet pressure Prmax bar 10.0

Tab. 4-15:

MLP200C - Technical data
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4.7.5

Motor characteristic curves MLP200C
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Moftor characteristic curves MLP200C-0090
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Moftor characteristic curves MLP200C-0120
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MLP200C-0170
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Fig. 4-47: Motor characteristic curves MLP200C-0170
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4.7.6 Data MLP200D

Parameter Symbol Unit MLP200

Frame lengths D

Winding 0035 0060 0100 0120
Maximum force e N 16,500.0 17,750.0

Continuous nominal force Fy N 5,560.0

Maximum current I max(ef A 90.0 126.2 204.4 201.5
Rated current In A 20.2 25.2 44.8 47.5
Maximum velocity at F . VEmax m/min 35 60 100 120
Nominal velocity VN m/min 105 140 180 190
Force constant Ken N/A 275.40 220.40 124.30 117.30
Voltage constant Kemk Vs/m 159.0 127.2 71.7 67.6
Winding resistance at 20 °C R, Ohm 4.0 2.74 0.88 0.74
Winding inductivity L4, mH 23.9 13.7 4.5 4.1
Power wire cross-section A mm? 4.0 10.0

Pole width ty mm 37.5

Attractive force Farr N 25,400.0

Thermal time constant Tin min 2.4

Mass primary part with standard

encapsulation Mps kg 510
Mass prl.mary part with thermo en- Mpr kg 61.3
capsulation
Data liquid cooling
Power loss to be dissipated Py W 4,969
Necessary coolant flow at Py, Qmin I/min 8.0
Pressure loss at Qpin Ap bar 24
Constant to determine the pressure Kap _ 0.19
loss
Volume of coolant duct
Vool s | 0.25

Standard encapsulation
Volume of coolant duct

. VcooLT | 045
Thermal encapsulation
Maximum allowed inlet pressure Prmax bar 10.0

Tab. 4-16: MLP200D - Technical data
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Fig. 4-49:

Motor characteristic curves MLP200D-0060
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MLP200D-0100
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Fig. 4-51: Motor characteristic curves MLP200D-0120
4.7.8 Data MLS200
Designation Symbol Unit MLS200S-3A-0150- | MLS200S-3A-0450- | MLS200S-3A-0600-
9 4 NNNN NNNN NNNN
Secondary part mass Mg kg 4.0 121 16.1
Tab. 4-17: MLS200 - Technical data
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4.8 Technical data - Frame size 300
4.8.1 Data MLP300A, MLP300B

Parameter Symbol Unit MLP300

Frame lengths A B

Winding 0090 0120 0070 0120
Maximum force F max N 11,000.0 16,300.0
Continuous nominal force Fy N 3,350.0 5,150.0
Maximum current Imax(ef) A 99.3 129.9 141.9 223.5
Rated current In A 17.2 21.6 28.4 38.2
Maximum velocity at F,, VEmax m/min 90 120 70 120
Nominal velocity VN m/min 160 190 140 190
Force constant Ken N/A 195.40 154.90 181.60 134.10
Voltage constant Kemk Vs/m 112.8 89.4 104.8 77.9
Winding resistance at 20 °C Ri2 Ohm 3.05 2.0 2.2 1.3
Winding inductivity Lqp mH 14.9 9.3 12.0 6.7
Power wire cross-section A mm? 2.5 4.0 6.0
Pole width t, mm 37.5

Attractive force Farr N 16,000.0 23,400.0
Thermal time constant Tin min 24

cl:/;a;;zr;ﬂg:ry part with thermo en- Mpr kg 40.8 58.3

Data liquid cooling

Power loss to be dissipated Py W 2,200 2,900
Necessary coolant flow at Py, Qmin I/min 3.2 4.2
Pressure loss at Qpin Ap bar 1.4 2.3
IC;cs);\stant to determine the pressure Kap _ 019

Volume of coolant duct

Thermal encapsulation Voool T ! 0-245 0364
Maximum allowed inlet pressure Prmax bar 10.0

Tab. 4-18:

MLP300A, MLP300B - Technical data
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Motor characteristic curves frame size MLP300A, MLP300B
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Fig. 4-52: Moftor characteristic curves MLP300A-0090
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Motor characteristic curves MLP300A-0120
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MLP300B-0070
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Fig. 4-54: Motor characteristic curves MLP300B-0070
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Motor characteristic curves MLP300B-0120
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4.8.3 Data MLP300C

Parameter Symbol Unit MLP300

Frame lengths C

Winding 0060 0090 0120
Maximum force F max N 21,500.0

Continuous nominal force Fy N 6,720.0

Maximum current Imax(ef) A 143.1 205.0 300.0
Rated current In A 29.6 35.8 45.2
Maximum velocity at F . VEmax m/min 60 90 120
Nominal velocity VN m/min 110 150 180
Force constant Ken N/A 226.90 187.90 148.90
Voltage constant Kemk Vs/m 130.9 108.4 85.9
Winding resistance at 20 °C R, Ohm 2.4 1.56 1.02
Winding inductivity L4, mH 11.4 7.6 4.9
Power wire cross-section A mm? 4.0 6.0 10.0
Pole width ty mm 37.5

Attractive force Farr N 30,700.0

Thermal time constant Tin min 2.4

L\:/Iaapsssm;;:ii:)n:ry part with thermo en- M kg 74.9

Data liquid cooling

Power loss to be dissipated Py W 3,200

Necessary coolant flow at Py, Qi I/min 4.6

Pressure loss at Qin Ap bar 2.8

ngStam to determine the pressure Kap _ 019

Volume of coolant duct

Thermal encapsulation Veool 1 ! 0471

Maximum allowed inlet pressure [ bar 10.0

Tab. 4-19:

MLP300C - technical data
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4.8.4 Motor characteristic curves MLP300C
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Fig. 4-56: Motor characteristic curves MLP300C-0060
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Fig. 4-57: Motor characteristic curves MLP300C-0090
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MLP300C-0120
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Fig. 4-58: Motor characteristic curves MLP300C-0120
4.8.5 Data MLS300
Designation Svymbol Unit MLS300S-3A-0150- | MLS300S-3A-0450- | MLS300S-3A-0600-
9 4 HNNN HNNN HNNN
Secondary part mass Mg kg 10.5 31.5 42.0
Tab. 4-20: MLS300 - technical data
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5 Dimensions, installation dimension and - tolerances
5.1 General notes
15 Observe the trademark rights of third parties during assembly and

use of single components delivered from Bosch Rexroth. For any
infringement of the right, the customer is liable for the accruing
damage.

5.2 Installation tolerances

In order to ensure a constant force along the entire travel length, a defined air
gap height must be guaranteed. For this purpose, the individual parts of the
motor (primary and secondary part) are tolerated accordingly. The distance of
the mounting surface, the parallelism and the symmetry of the primary and
secondary part of the linear motor in the machine must be within a certain tol-
erance above the entire travel length. Any deformations that result from
weight, attractive forces and process forces must be taken into account. A
deviation of the specified nominal air gap may lead

® to areduction or modification of the specified performance data

® to a contact between the primary part and the secondary part and thus
to damaged and destroyed motor components

For the installation of the motors into the machine structure, Bosch Rexroth
specifies a defined installation height with tolerances (see installation size L1
in Fig.5-1). Thus, the specified size and tolerances of the air gap are main-
tained automatically — even if individual motor components are replaced.

Installation height
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Machine
A
~ Primary
-
O
Secondar
Y [ Y |
Machine
Frame size Design Design . . Measurable
) ) Installation height L1 .
Primary part Primary part Secondary part Air gap L2
40 ... 200 Standard encapsulation f1, 441 ! Dﬂ;iﬁ
300 Standard encapsulation 72 541 1 Eﬂff
MLSxxxS-*
040 ... 200 Thermal encapsulation 73, g 1 Dﬂ;iﬁ
300 Thermal encapsulation a7, 01 1 Eﬂff
Tab. 5-1: Mounting sizes and folerances
= The specified installation height with the corresponding tolerances

has to be observed absolutely.

Parallelism and symmetry of ma-

Before primary and secondary part can be mounted, align the parts of the
chine parts

machine. Especially the machine slide is to be brought into a defined position
to the machine bed. When aligning, the installation dimensions and toleran-
ces regarding parallelism and symmetry according to Fig. 5-1 must be kept.

To keep the tolerances, it is necessary that the fastening holes for the pri-
mary part and the threaded holes for the secondary part in the machine are
strictly done according to the dimensions of the particular dimension sheets.

If this is done correctly, the center lines of the fastening of threaded holes can
serve as referance for aligning the parts.
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@ Drilling pattern (fastening threads) for the secondary part
® Drilling pattern (fastening holes) for primary part
Fig. 5-1: Parallelism and symmetry between the fastening holes for the pri-

mary part and the fastening threads for the secondary part

When moving primary and secondary parts, the stated tolerances regarding
parallelism and symmetry must be kept during the total moving process.

You will find further notes regarding assembly of primary and secondary parts
under chapter 12 "Installation" on page 233.
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5.3 Dimension sheets frame size 040
5.3.1 Primary part MLP040 with standard encapsulation
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Primary Part MLP040 with thermo encapsulation

5.3.2
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5.3.3 Secondary part MLS040
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Fig. 5-4. Secondary part MLS040
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Dimensions, installation dimension and - tolerances

Dimension sheets frame size 070
Primary part MLPO70 with standard encapsulation
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Primary part MLP0O70 with thermo encapsulation
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5.5
5.5.1

Dimension sheets frame size 100
Primary part MLP100 with standard encapsulation
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5.5.3

Secondary part MLS100

I

0FSEL

LOF0CL

s

©

E| o 3
=| o |54
>< ==
= <~ [1-
S| o <
=l ol |3
= o~ s
= oo 7
S| e
=| < S
= o |-
@ @ €
Z| o |s
= <
o = = - w — ~ <
— o
o 4 o
— o EHE
= - H | 2]
2|ls * g|=
o = ~E| 3| 3| S = HE
£ v Al 3 i|=
S e s <
~ S
o o = :
o o =
= =|=| =
T o = | = | =2 |
o = | = | = s
= o 2 = | =| = 5
= i . i 2
L o = s | o | o s =
— w w (=4 2
o« -~ < | =] =
S| S| S -
> o T ; 7
o = =t < | = | < .
- S S| S| S s <« H
S - = o | ol o ¥ < g
— = S S| 8| &8 = S
= s || 3
= = © — — ~
o o ~ w el w F s|S
> 21212 HEEH
= & =) = = = = a;g
el |=[=|182
HEE

|
\
|
\
|
e \
g ‘
= \
= |
5 B |
- 2 \
= |
- \
‘
\
‘
- @— |
: ‘
2
H \
: ‘
= \
= ]
| \
z ‘
- = ‘
pE ‘
4 \
. ~ |
= \
@ |
N

‘
=~ |

R
by \
il |
= \
‘
|
T

S
1x45

7-0.2

41402

15,43

1Y%

goed 901

aBUNP| SWUDE Y39 12NY3S VoA |03 USp 30 31A0s 3qoBI341N
"Bun}1303g "wo11ynposday 'Bunyiansap ‘BunBan)ian 13pal
162q 4210 ‘u3j joy3qion

“s3u61 s Kysadosd 1011ysnpur
“UOLINGI IS 1D "BU LI
Butpaoss osio

ddo jo jusas ayy V1 50 ||3a SO
2, worjoj101dia ‘[osodsip Auo
2 SHEBLL 1Y oY wjouxay Baseg

244238 311V 0¥ 4foixay 43508

Fig. 5-10:

Secondary part MLS 100



DOK-MOTOR*-MLF********.PR05-EN-P Bosch Rexroth AG 85/277
Rexroth IndraDyn L MLF Synchronous Linear Motors

Dimensions, installation dimension and - tolerances

5.6 Dimension sheets frame size 140
5.6.1 Primary part MLP140 with standard encapsulation
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Fig. 5-11: Primary part MLP 140 with standard encapsulation
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Primary part MLP140 with thermo encapsulation
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5.7 Dimension sheets frame size 200
5.71 Primary part MLP200 with standard encapsulation
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Fig. 5-14: Primary part MLP200 with standard encapsulation
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Primary part MLP200 with thermo encapsulation
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5.7.3 Secondary part MLS200
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Fig. 5-16: Secondary part MLS200
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5.8 Dimension sheets frame size 300
5.8.1 Primary part MLP300 with thermo encapsulation
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Fig. 5-17: Primary part MLP300 with thermo encapsulation
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Secondary part MLS300
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Type code

6 Type code

6.1 Description
6.1.1 General

The type code describes the deliverable motor variants. It is the basis for se-
lecting and ordering products from Bosch Rexroth. This applies to new prod-
ucts as well as to spare parts and repairs.

The overall product designation IndraDyn L stands for synchronous linear
motors. This designation describes the total system which consists of a pri-
mary and a secondary part. As linear motors are kit motors, the primary and
secondary part obtain an additional, defined short term.

IndraDyn L
synchronous-linear
/ motor \
MLP MLS
primary secondary
-FS - - FIF -
standard encapsulation thermo encapsulation
Fig. 6-1: Short term for IndraDyn L

The following figures give an example of a motor type code for primary and
secondary parts, by which an exact specification of the single parts (e.g. for
orders) is possible.

The following description gives an overview over the separate columns of the
type code ("abbrev. column”) and its meaning.

15 When selecting a product, always consider the detailed specifica-
tions in the chapter 4 “Technical data” and chapter 9 “Notes re-
garding application”.
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6.1.2 Type code primary part MLP

General

Component MLP
Short text column 12 3

Motor frame size
Short-text column 4 5 6

Motor lengths
Short-text column 7
Winding code

Short-text column 9 10 11 12

Cooling

Abbrev. column 14

o

3. Motor length
3.1 Lengths ............... =A,BC

4. Windings code
41 MLP100A ............ =0120, 0150, 0190
4.2 MLP100B ............ =0120, 0250

4.3 MLP100C ............ =0090, 0120, 0190

5. Cooling mode
5.1 Liquidcooling ...... ..ot =F

6. Encapsulation
6.1 Standard encapsulation ................. ... ... =8
6.2 Thermo-encapsulation ............... ... ... =T

7. Motor encoder
7.1 withoutencoder ... ... .. iiee e =NO

8. Electrical connection
8.1  Wire conducted through front of primary part .............. =CN

9. Other design
9.1 NONE L s = NNNN

Fig. 6-2: Example for a type code primary part MLP100

MLP is the designation of the primary part of an IndraDyn L motor.

The motor size is derived from the active magnet width of the secondary part
and represents different power ranges.

Within a series, the grading of increasing motor length is indicated by ID let-
ters in alphabetic order.

Frame lengths are e.g. A, B or C.

The numbers of the winding code do also describe the reachable maximum
speed F ., in m/min.

In general, the primary parts of the IndraDyn L motors are provided with liquid
cooling for operation and thus only available with liquid cooling.
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Casing

Abbrev. column 15

Motor encoder
Short-text column 17 18

Electrical connection
Short-text column 19 20

Other designs
Abbrev. column 22 23 24 25

General

Component MLS
Short text column 12 3

Bosch Rexroth AG 95/277

Type code

"S" = Standard encapsulation. stainless steel encapsulation with a liquid
cooling integrated into the back of the motor to dissipate the lost heat.

T = thermal encapsulation: Stainless steel encapsulation with an addi-
tional liquid cooling on the back of the motor and heat conductive plates
for optimum thermal decoupling to the machine construction.

The necessary length measuring system is not in the scope of delivery of
Bosch Rexroth and has to be provided and mounted from the machine manu-
facturer himself.

Primary parts of synchronous linear motors IndraDyn L are fitted with a high-
flexible and shielded cable. The connection cable is brought out of the front
of the primary part and is fixed with it.

Those fields are not reserved.

6.1.3 Type code secondary part MLS

Abbry

Coli 9

ample: M|L|S|1|0

o
\S)
w
IS
(6]

=

o w

2/3/4|5|6
-10/1

Z|on

&y
Z|»
©

{[>[o =
ol

Prod
MLS

Motor siN_
100 ...

Type
Secondary part ........... =S

Mechanical design
Fixing with screws ............ =3

Mechanical protection
with cover sheet ............... =A

Segment length

Secondary part length 150 mm ... ... =0150
Secondary part length 450 mm . ... ... = 0450
Secondary part length600 mm ... ... = 0600

Other design
NONE o = NNNN

Fig. 6-3: Example for a type code secondary part MLS100

MLS is the designation of the secondary part of an IndraDyn L motor.
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Type code

Motor frame size
Short-text column 4 5 6

Type
Short-text column 7

Mechanical design
Short-text column 9

Mechanical protection
Short-text column 10

Segment length
Abbrev. column 12 13 14 15

Other design
Abbrev. column 17 18 19 20

DOK-MOTOR*-MLF********.PR05-EN-P
Rexroth IndraDyn L MLF Synchronous Linear Motors

The motor size is derived from the active magnet width of the secondary part
and represents different power ranges.

S = secondary part

The number 3 stands for the fastening of the secondary part with screws by
fixing holes along the outer edge.

To ensure the utmost operation reliability, the permanent magnets of the sec-
ondary part are always protected against corrosion, action of outer influences
(e.g. coolants and oil) and against mechanical damage, due to an integrated
rustless cover plate.

Secondary parts or - segments are available in the following lengths:
e  150mm
e  450mm
e  600mm

NNNN = Those fields are not reserved.
HNNN = reinforced basic carrier (only for MLS300)
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Type code
6.2 Type code frame size 040
6.2.1 Type code MLP040
égll:r;‘l,;_>1234567891123456 8|9 12 456789812345678961

[|Z [~
o
(@)
IZlon
Z
Z|w
Z
Z

Example: M|L|P|0|4|0|A|-|0|3|0|0|-|F|S|-

Product
1.1 MLP........ = MLP
2. Motor size
21 040 .............. =040
3. Motor length
31 Lengths.............. =AB
4. Windings code
4.1 MLPO40A......... = 0300
42 MLPO40B......... = 0150, 0250, 0300

5. Cooling mode
51 Liquidcooling ........................ =F

6. Encapsulation
6.1 Standard encapsulation.................. S
6.2 Thermo-encpsulation.................... T

7. Motor encoder
7.1 withoutencoder. . ....... ... ... .. ... ... .... =NO

8. Electrical connection
8.1  Wire conducted through front of primary part . . ... ... =CN

RNC-41430-401_NOR_N_DO0_2003-08-06.fh11

9. Other design

(® Secondary part MLS

Primary part MLP (Standard encapsulation
or Thermo-encapsulation)

(© Electrical connection

(D Screw mounting (from above)

Fig. 6-4: Type code primary part MLP0O40
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Type code
6.2.2 Type code MLS040
Abbrev. 1 2 8 4
Column > 1]2|3]4|5|6|7|8]|9]0 9lo[1|2|3|4|5|6|7|8|9|0[1|2[3]|4|5|6|7|8|9|0
Example: M|L|S|0|4|0[S|-|3|A NN

1. Product

11 MLS........ =MLS

2. Motor size

21 040 .............. =040

3. Type

3.1 Secondarypart ........... =S

4. Mechanical design

4.1 Fixingwithscrews ............ =3

5. Mechanical protection

51 withcoversheet ............... =A

6. Segment length

6.1  Secondary part length 150 mm....... =0150

6.2 Secondary part length450 mm ....... = 0450

6.3 Secondary part length 600 mm ....... = 0600

7.  Other design

71 NONE

lllustration example: MLS040

@ Secondary part MLS

(2) Primary part MLP (Standard encapsulation or Thermo-encapsulation)

@ Power connection
@) Screw mounting (from above)

Fig. 6-5:

Type code secondary part MLS040
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Type code
6.3 Type code frame size 070
6.3.1 Type code MLPO70
Abbre 1 2 3 4
Column ; 1|2|alda|E6|&|7|a|e|a1[2|2|4|E|a|7[a|a]a)|1|2|2J4|E|&[F|R]a|a|1|2]|3|4|E|E[7|E|S|D
Exampls: (ML PO F)0)A[- ()3 0f0) - |F[T]= M35 - (NI

1. Product |

114 MLP ..........=NMLP

2 Motor frame size

21 0000 ... =070

3. Motor frame lengths

31 Framelengthe. .......... =& B, C

4. Winding designation

41 MLPO7O0A  =04150, 0330, 0300

42 MLPOTOB  =0100, 0420, 04150, 0250, 0S00

45 MLPO7OC =030, 0120, 0150, 0240, 0500

5. Coaoling

541 Ligud codirg Sy

. E ncapsulation

6.1  Standard epcapsdstion. ... ... ... ........=5

6.2 Thermal ercapsdation. ... ... o =T

T Motor encoder

T4 Withowt emcoder. . ... Lo =D

8. Electrical connection

H1  Cable lead cut from front side of the primary part ... ... .. =CN

8 Other design

8.1  Mone S L

E xam pla: MLPOFD

()]

@A) Secondary part MLS

@) Primary part MLP (depending from design - Standard encapsulation of
thermal encapsulation)

@ Electrical cormection

D) Screw fastening (from top)

Fig. 6-6: Type code primary part MLP0O70
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Type code
6.3.2 Type code MLS070
Abbrev. 1 2 8 4
Column > 1|2|3|a|5/6|7|8]9]0 9lo[1|2|3|4|5|6|7|8|9|0[1|2[3]4|5|6|7|8|9|0
Example: M|L|S|0|7|0[S|-|3|A NN

1.  Product

11 MLS........ =MLS

2. Motor size

21 070 .............. =070

3. Type

3.1 Secondarypart .......... =S

4. Mechanical design

4.1 Fixingwithscrews ............ =3

5. Mechanical protection

51 withcoversheet ............... =A

6. Segment length

6.1 Secondary part length 150 mm .......

6.2 Secondary part length 450 mm .......

6.3 Secondary part length 600 mm .......

7. Other design

7.1 NONE

lllustration example: MLS070

@ Secondary part MLS

(2 Primary part MLP (Standard encapsulation or Thermo-encapsulation)

® Power connection
@ Screw mounting (from above)

Fig. 6-7:

Type code secondary part MLS070
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Type code
6.4 Type code frame size 100
6.4.1 Type code MLP100
Abbrew 1 2 2 4
L 1T 23 |a|a a7 afa]o)1 224 |E|a|7(alaaf1]j2]2]4|E)E]7 Slof1]2]|3|4)|E6)E - Ed I8
Sxampds ML P o)Al - [0 (2100 JF [S] - N2 S |M] - [N]MEN]M]

1. P rouct

11 MP .. .......=MPF

2 Motor frame size

21 100 .o =10

3 hotor frame lengthe

41 Frame lengths. . ........... =A.B.C

i Winding designation

4.1 MLPHO0A ... .. = 008D, 0420, 0150, 0180

4.2 NLPHOOB .. .....=0030, 0420, 0250

4.3 NLP10QC ... ., = 00D, 0120, 018D

ES Coaling

5.1 Liuid cooling Ceiererereieiiieie e =F

5. Encapsulaticn

6.1 Sandard emcapsdation. ..o ....=5

B2 Tharmal sncapsd&3ion o o 0 e i e =T

T. Mobar encodar

F 11 s 1 = M

3, Elecirical connection

a1 Coarla lgad ot n tha Pront sicks of ths primary part ., ... ... .. =GN

3 Other design

b I T =P

Exampls: MUF 10

(&) Secondary part MLS

& Primary part MLF {depending from design - standard encapsulation or

thermal ercapsuation)
&) Electrical connection
i Screw fastening (from top)

Fig. 6-8:

Type code primary part MLP100
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Type code

6.4.2 Type code MLS100

Abbrev. 1 2 3 4
Column > 1|2|3|a|5|6|7|8[9|0|1]|2[3|4|5|6|7|8|9]0|1]2|3]4|5|6|7|8|o|0o|1|2]3|4|5|6|7|8|9]0
Example: M|L|S[1|0|0|S|-|3|A[-|0|1|5|0|- |N|N|N|N

1. Product

11 MLS........ =MLS

2. Motor size

21 100 .............. =100

3. Type

3.1 Secondarypart ........... =S

4. Mechanical design
4.1 Fixingwithscrews ............ =3

5. Mechanical protection
5.1 withcoversheet ............... =A

6. Segment length

6.1 Secondary part length 150 mm ....... =0150
6.2 Secondary part length 450 mm ....... = 0450
6.3 Secondary part length 600 mm ....... = 0600

7.  Other design
7.1 NONE = NNNN

lllustration example: MLS100

@ Secondary part MLS

(2 Primary part MLP (Standard encapsulation or Thermo-encapsulation)
® Power connection

(@) Screw mounting (from above)

Fig. 6-9: Type code secondary part MLS 100
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Type code
6.5 Type code frame size 140
6.5.1 Type code MLP140
Abbrev. 1 2 3 4
Column > 1]2]3]4]5|6|7|8]9]0|1]2]3]4|5]|6|7[8]9]0]1]|2|3]4|5]6|7|8|9]0]1]|2]|3]|4|5]6]7|8]9]0
Example: M|L|P|{1|4|0|C|-|0|0|5|0|-|F|T|-|N|O|C|N|- |N|N|NN
Product
11 MLP........ = MLP
2 Size
21 140 .............. =140
3. Length
3.1 Lengths ............ =A B, C
4. Winding
4.1 MLP140A...=0120
4.2 MLP140B...=0090, 0120
4.3 MLP140C...= 0050, 0120, 0170, 0350
5. Cooling
5.1 Liquidcooling ........... ... .. il =F
6. Encapsulation
6.1 Standard encapsulation .................. =S
6.2 Thermo encapsulation ................... =T
7. Encoder
7.1 withoutencoder  ......... .. ... . i, =NO
8. Electrical connection
8.1 wire conducted through front of primary part ........ =CN
9.  Other design
9.1  NONE e = NNNN

lllustration example: MLP140

A Secondary part MLS

Primary part MLP (Standard encapsulation or
Thermo encapsulation)

© Electrical connection

D@ Screw mounting (from above)

Fig. 6-10: Type code primary part MLP140
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Type code
6.5.2 Type code MLS140
Abbrev. 1 2 3 4
Column > 1|2|3|a|5|6|7|8]9]0 9lo[1]2|3|4|5|6|7|8|9|0[1|2[3]4|5|6|7|8|9|0
Example: M|L|S|1|4|0[S|-|3|A NN

1. Product

11 MLS........ =MLS

2. Motor size

21 140 .............. =140

3. Type

3.1 Secondarypart .......... =S

4. Mechanical design

41 Fixing withscrews ............ =3

5. Mechanical protection

51 withcoversheet ............... =A

6. Segment length

6.1 Secondary part length 150 mm .......

6.2 Secondary part length 450 mm .......

6.3 Secondary part length 600 mm .......

7.  Other design

71 NONE

lllustration example: MLS140

@ Secondary part MLS

(2 Primary part MLP (Standard encapsulation or Thermo-encapsulation)

® Power connection
@) Screw mounting (from above)

Fig. 6-11:

Type code secondary part MLS 140
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Type code
6.6 Type code frame size 200
6.6.1 Type code MLP200
Abbrew 1 2 3 4
Lo lwmn - 12346 |&(Flals|ajije|2|4|E|a|F|alala|1|2(2j4)E|E[T|a[ala|1|2|3|4|E|&]T|E|2]|0
Exampls: (ML |F (2[00 )AL= (O 1|210] - [F|S] - [M{35N] - (M{NIMIM
1. Product o
11 BMLP _...._....=KMF b
o
2 Motor frame sl ze E
o
3. Motor frame lengths 2:
41 Framelenglhe .. ... . =A B CD %
=
4. Winding designation 2
41 MLP20O0A ....._..._..=0000 0120 i
42 MLP2OOB ............=0040, 0120 é
43 MLP20O0OC ............=0000, 0120, 0170 T
4.4 MLP200D ............=0035 0060, 0100, 0120 7
& Cooling
51 Ligud codlirg T 5
6. Encapsulation
6.1 Standard emcapsdation. . ........................=8
6.2 Thermal emcapsdation. ... =T
7. Molor ehocder
T4 Wihowterncoder. .o Lo o= N
8. Elecirical connectian
B.1 Cabla lsad ol Trom Tront sids -:JI|'|ri|r|.?:'!,r|'|._'=:'I B M|
8. Other deslgn
T 5 = MM
E xam ple:; MLPZ00
&) Secondary part MLS
i) Primary part MLF (depending from design - standard encapsulation
of thermal encag=ulation)
) Electrical conmection
M Screw fastening (from top)

Fig. 6-12: Type code primary part MLP200
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Type code
6.6.2 Type code MLS200
Abbrev. 1 2 3 4
Column > 1]2|3]4|5|6|7|8]|9]0 9lo[1]2|3|4|5|6|7|8|9|0[1|2[3]4|5|6|7|8|9|0
Example: M|L|S|2|0|0[S|-|3|A NN

1. Product

11 MLS........ =MLS

2. Motor size

21 200 .............. =200

3. Type

3.1 Secondarypart .......... =S

4. Mechanical design

4.1 Fixing withscrews ............ =3

5. Mechanical protection

5.1 withcoversheet ............... =A

6. Segment length

6.1 Secondary part length 150 mm .......

6.2 Secondary part length 450 mm .......

6.3 Secondary part length 600 mm .......

7.  Other design

71 NONE

lllustration example: MLS200

@ Secondary part MLS

(2) Primary part MLP (Standard encapsulation or Thermo-encapsulation)

® Power connection
@ Screw mounting (from above)

Fig. 6-13:

Type code secondary part MLS200
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Type code

6.7 Type code frame size 300
6.7.1 Type code MLP300

Abbrev.
Column I123456789012:3456789

Example: M[L|P|3|0|0|B|-[0|1]|2|0|-|F|T|-

-
N
(6]
(o]
~
o]
©
o
-
n
w
IS
(6]
(o))
=~
[oo]
©
o

=2
o
O

1IEFEEES
=
n

Product |
MLP .......... =MLP

Motor size
300 ... =300

Motor length
Lengths ............... =A,B,C

Windings code
MLP300A ................. = 0090, 0120
MLP300B ................. = 0070, 0120
MLP300C ................. = 0060, 0090, 0120

ZN-40017-300_NOR_N_EN_2012-08-10

Cooling
Liquidcooling ....... ..., =F

Encapsulation
Thermo-encapsulation ........................ =T

Encoder
without encoder ... ... ... =NO

Electrical connection
Cable conducted through front of the primary part .......... =CN

Other design
NOME i = NNNN

lllustration example: MLP300

(A) Secondary part MLS

Primary part MLP (Standard encapsulation
or Thermo-encapsulation)

(© Electrical connection

© Screw mounting (from above)

Fig. 6-14. Type code primary part MLP300
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Type code

6.7.2 Type code MLS300

Abbrev.
Column I1234’56789

1
0
Example: M|L|S|{3/0(0|S|-|3|A|-|0{1|5|0|-|H|NIN|N

Product

Type
Secondarypart .......... =S

Mechanical design
Fixing perscrews ............ =3

Mechanical protection
With coversheet ... ........... =A

Segment length

Secondary part length 150 mm. . . . ... =0150
Secondary part length 450 mm. .. .. .. = 0450
Secondary part length 600 mm. . . . . .. = 0600

Other design
Reinforced basiccarrier .................... = HNNN

lllustration example: MLS300

@ Secondary part MLS

(2 Primary part MLP (Standard encapsulation or Thermo-encapsulation)
@ Power connection

@) Screw mounting (from above)

Fig. 6-15: Type code secondary part MLS300
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7 Accessories and options

7.1 Hall sensor box
7.1.1 General

The hall sensor box SHL is an optional component for drive controllers with
incremental measuring systems and IndraDyn L motors of Bosch Rexroth.

When using an incremental length measuring system, a commutation of the
axes has to result from every step up of the phases of the drive device. This
results from an drive-internal procedure. After this, a force processing of the
motor is possible.

= The commutation is determined automatically during the phase
step up by the SHL-Box. Therefore, no power switch-on is neces-
sary.

Possible applications are, for example
. Commutation of motor on vertically axes,

e  Commutation of motors which should not move for safety reasons dur-
ing the commutation process .

e  Gantry-arrangement of the motors.
Delivery of the SHL-boxes as accessory can be made alternatively
®  ex works, as accessory of an IndraDyn L motor,

® as part for retrofitting of existing machines with IndraDyn or Ecodrive
drive controllers and IndraDyn L motors.

= With the appropriate firmware are also control units of the type
Diax compatible with the hall sensor boxes of type SHL.

S
fo, 1L
i

(I
205" L0
i H\EI\HHIHHIHNI . IQ
205 Mgy 5SS
o Wi 1I
Iy
|

S~

Fig. 7-1: Accessory hall sensor box SHL
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7.1.2 Schematic assembly

) —==<! .J.?

% SN NNRNENEEEREREN]
DJ o O o O
= ﬁ;[[ 4 5 @

= O O O O F

o

° ds =]

7
g OE—

1 Control unit
2 Controller
3 Linear scale
4 Secondary part
5 Primary part
6 Hall sensor box with cable
Fig. 7-2: Schematic installation IndraDyn L with hall sensor box
= Heed the notes regarding "Hall sensor box SHL" in the functional

description of the documentation.
e MNR R911306588 (DE)
e MNR R911292537 (EN)
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8 Connection technique

8.1 Notes

NOTICE Direct connection to the 50/60-Hz external

supply network (three-wire or single-phase
network) results in motor destruction!

The motors described here may be operated only with suitable drive control-
lers with variable output voltage and frequency (converter mode) as specified

by Rexroth.

Rexroth offers a wide range of ready-made cables for connecting IndraDyn L
motors. These cables are optimally adapted to the products and a great vari-
ety of requirements.

I *

Note that self assembled cables or cable systems of other
manufactures possibly do not meet these requirements.
Rexroth shall not be held responsible for resulting malfunc-
tion states or damage.

= Additional information:

On the selection of power and encoder cables for IndraDyn
L motors in documentation "Rexroth Connection Cables
IndraDrive and IndraDyn" (DOK-CONNEC-CABLE*INDRV-
AUDO-00-P),

About the assembly of cables and plugs as well as technical
data, in documentation "Rexroth Connection Techniques,
Assembling and Tools..." (DOK-CONNEC-CAB*INSTRO02-
MADO-0o-P).

On "Electromagnetic Compatibility in Drive and Control Sys-
tems" (DOK-GENERL-EMV********_.pRoo-00-P),

8.2 Power connection
8.2.1 Connection cable on primary part

Primary parts of IndraDyn L motors are fitted with a flexible and shielded con-
nection cable. This 2 m long connection cable is connected with the primary

part.
2100+1°
1-U
100+10 2.V
3-wW
_ _— 7D PTc sNm.150.0K300
primary m power cable == 7.
3. [> PTC KTY84-130
. GE/GR
screwed conduit entry ferrules
Fig. 8-1. Design of connection cable on the primary part MLP

The following overview gives the technical data of the connection cables for
every single motor size.



112/277 Bosch Rexroth AG DOK-MOTOR*-MLF********_ PR05-EN-P

Rexroth IndraDyn L MLF Synchronous Linear Motors

Connection technique

Motor frame size

Connection cable

Cross section
Power wires

Cross section
Control wire

Diameter (D)

Bending radius
statically

MLP040x-xxxx

INK0653

1.0 mm?

0.75 mm?

12 mm

MLPO70x-xxxx

INK0603

4.0 mm?2 16.3 mm?2

MLP100x-xxxx
MLP 140A-xxxx
MLP 140B-xxxx
MLP140C-0050
MLP140C-0120
MLP140C-0170
MLP200A-xxxx
MLP200B-xxxx
MLP200C-0090
MLP200D-0060

INK0604

6.0 mm? 18.5 mm

1.0

or

5xD

1.5 mm?

MLP140C-0350
MLP200C-0120
MLP200C-0170
MLP200D-0100
MLP200D-0120
MLP300x-xxxx

INK0605

10.0 mm?2 22.2 mm

Connection cable installation

Tab. 8-1:

The connection cable, which is connected to the primary part, ends with open
wire end, provided with wire end ferrules (see Fig. 8-1) and might never be
abandoned to dynamic bending forces. A passing of the primary part cable
should thus never be made in a moving drag chain.

We recommend to assembly the cable in fixed installation to

Connection cable on the primary part MLP

e  aflange socket,
® acoupling or
® aterminal box (not in the scope of delivery of Bosch Rexroth)

. From this junction, the power supply with the connection cable can be laid
through a drag chain, resp. the machine construction. Also refer toFig. 8-7.
Respective power cables are ready-made available by Rexroth.

NOTICE Avoid bending, pulling and pushing loads as

well as continuous movements of the connec-
tion cable at the point where the cable exits
from the primary part. Any load of this kind,
can lead to irreparable damage (e.g. cable
break) on the primary part!

No passing of the connection cables in a drag chain. If a fixed installation is
not possible, provide the connection cable with a strain relief (see Fig. 8-2) to
protect the cable and the primary part from any damage (e.g. cable break).
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Dimension "x" Minimum distance 10 mm

@ Strain relief of the connection cable on MLP primary part

D Diameter connection cable (see Fig. 8-1

R Allowed bending radius - seeFig. 8-1

Fig. 8-2: Example for strain relief of connection cable

= The connection cable is designed for the highest voltage of a mo-

tor size. The cross section of a power cable can, in any circum-
stances, be smaller.

8.2.2 Connection power supply

General
= Additional description of the power cables for the following con-
nection possibilities of primary parts, is done in the documentation
"Rexroth Connection Cables”, MNR R911322948 (DE) or
R911322949 (EN).
Connection via flange socket and
coupling @
e o T T
| PTC | 80 ANAYS he AFau ICNaTAN: Y
| KTvesso = L7 bl Lol 7@ ey
] : | l \) o |J \\) L T ]
| pC, | | b | | :M
' 6 |:(\|H_:PH(\H:6II(\‘ 1TP2
|SNM'150'DK'*’—|¥}| 5 :|!|E|hE!|!| 5 L1 4t
i | ||'\}_\|/‘\Ji: i:J n
: ¢ 3 'I c_: I\c | 8 : | Wi
! M | 2 || B_! ':B : : 2 | : Vi
| 3~ | 'i O I I
' \"/ 1 : f A=| A [ 1 : | U1
| LNYEI'@D|E£@_L|GN\EL| o
e e g - == =
| e e
''''''''''' i
@ Primary part MLP
® Coupling (e.g. INS0482 for power wire cross-section 1.5 ... 10
mm?)
@ Flange socket (e.g. INS0481 for power wire cross-section
1.5 ... 10 mm?)

Fig. 8-3: Connection example with flange socket and coupling
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Connection via terminal boxes @ @
= " T =< T
i Hisannl o0 s00 ey
} H T ‘ [
; KTY84-130 S v 7@l ] L 72@! et
| | ronT APEN T
. ' \
| PTG o s e iy e 1oy e
\SNM.150.DK.* Ii’ : R N BN
| S 51||\! . |\||15\:||1TP1
! ! | \)l AN | | | \!{ s
| [ 3 1 w1y gt wi
' ! I [ T | I |
M L2 |1 | v, | 1, 2 1 V1
| 3-~ | R S
i < | 1 1 | U I L, 1 1y ut
e by L
. 1 GNY & GNYE ©)

@ Primary part MLP
® Terminal boxes
Fig. 8-4: Connection example with terminal boxes

Connection for single arrangement

drive controller

+
Q
§
=
@]
=

+24VBr

A1 A2 A3 <

| | motor cable
screen connection

! L/\_r\_r\_—rr\_/\_r\_/\_r\_/\_mj ]
I ~ ol o E! wl ol N © |
i %| AL AL I
| MY~ |
| £l W1 IS, |
| mOtor témberéture sensors I
e e d
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Connection for parallel arrange-

ment
i .
i drive controller
| , B¢
H L o ©
| I8 %5 5
. <¥ 2 = =
! A1 A2 A3 + " i 1—i C\li
| X500 T T X6
| [ S B :
i |
..... N I _-T-_-_-_-T-T--_-_-_-_-_-_-
| . motor cable
Lo l ________________________ I screen connection
S N IO ‘ _________________________ 3
|
|
\
I I A T |
i I N N N N N NN _I A Ve W N NI N NIV _I
! ~ ol o wl ol N © | wl ol N ©
i ° o | gn | ! ot | an |
- ~ | |
i M ) ! .
: 3~ | |
I —— SNMFE(? DK.* KTE(;BE?SO 1 PTC . PT? 1
i m OtO r temperature sensors JI SNt'\ei»:ri%ZiéturgT;:lnsgrsJ!

Fig. 8-6. Connection on drive controller - parallel arrangement primary part

Con_nection of power cables de- The connection of the power wires of the power cable on the drive controller
pending from the primary partar-  at parallel arrangement of the primary parts with cable output in cross-direc-
rangement at parallel arrangement iy gepends on the direction of the outgoing cable.

Connection at arrangement acc. to Fig. 9-19 on page 142

(cable output in the same direction)

Drive controller X5 A1 A2 A3
Primary part 1 A1 A2 A3
Primary part 2 A1l A2 A3

Connection at arrangement acc. to Fig. 9-22 and Fig. 9-24 on page 143

(cable outlet in the opposite direction)

Drive controller X5 A1 A2 A3
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Connection at arrangement acc. to Fig. 9-19 on page 142

(cable output in the same direction)

Primary part 1 A1l A2 A3
Primary part 2 A1 A3 A2
Tab. 8-2: Connection of the power wires in case of parallel arrangement of pri-

mary parts on a drive controller
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Installation mode and cable diameter
Parallel motor connection ~ When connecting a motor parallel on a drive controller, the following possibili-
ties exist to assembly the power cable.

e Installation of a collective power cable with higher cross-section (Fig.
8-9 on page 118)

e |nstallation of two separate parallel power cables (Fig. 8-8 on page 117)

The last possibility offers the benefit of smaller bending radii. The whole

cross section of parallel installed cables must be according to the increased
cross section for parallel motor connections.

Power connection for single ar- N
rangement Iy
drive controller
# "
1 connection point
K I - flange socket
e - coupling
— - terminal box
T S motor
7777 @ 4
energy chain
ongoing
connecting cable  primary
power cable
Fig. 8-7: Power connection for single arrangement
Power connection for parallel ar-
rangement, separate connection
cable
drive controller
connection point motor 1
/748 | .
/7777 \ -
connection \ e
point ‘ connection point motor 2
LILE . >
77 | -
energy chain AR Ay

Fig. 8-8: Parallel arrangement, separate power cables
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Power connection at parallel ar-
rangement, collective connection
cable with higher cross section

Selecting power cables

DOK-MOTOR*-MLF********.PR05-EN-P
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drive controller

- motor 1
— ARR________ Ay

| ‘7’77/;77”‘ motor 2

! 7777 i y
energy chain ‘ .
connection
point
Fig. 8-9: Parallel arrangement, collective power cable

The selection of the exact cable cross-section depend on the passing type
and is to be made according to the table below.

Primary part MLP...

Rated current of the mo-
torin A

(Effective value)

Connection cable at single
or parallel arrangement with
separate power cables

Power cable at parallel ar-
rangement with collective
power cable

040A-0300

040B-0150

040B-0250

040B-0350

see chapter 4 "Technical
data" on page 27

1.0 mm? (INK653)

1.0 mm? (INK653)
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Primary part MLP... Rated current of the mo- | Connection cable at single | Power cable at parallel ar-
torin A or parallel arrangement with | rangement with collective
(Effective value) separate power cables power cable
070A-0150
1.0 mm? (INK653)
070A-0220
070A-0300 2.5 mm? (INK602)
070B-0100
070B-0120 1.0 mm? (INK653)
070B-0150
1.0 mm? (INK653)
070B-0250 2.5 mm? (INK602)
070B-0300 4 mm? (INK603)
070C-0030 1.0 mm? (INK653)
070C-0120
2.5 mm? (INK602)
070C-0150
070C-0240 4 mm? (INK603)
070C-0300 2.5 mm? (INK602) 6 mm?2 (INK604)
100A-0090 1.5 mm? (INK650)
100A-0120
" : 2.5 mm? (INK602)
100A-0150 see chap')'ter 4 "Technical
data" on page 27 1.0 mm? (|NK653)
100A-0190
100B-0030 4 mm? (INK603)
100B-0120
100B-0250 2.5 mm? (INK602) 10 mm? (INK605)
100C-0090 1.0 mm? (INK653) 4 mm? (INK603)
100C-0120 1.5 mm? (INK650) 6 mm? (INK604)
100C-0190 4 mm? (INK603) 10 mm?2 (INK605)
140A-0030 1.0 mm? (INK653) 1.0 mm? (INK653)
140A-0120 1.0 mm? (INK653) 4 mm? (INK603)
140B-0090 1.5 mm? (INK650)
6 mm?2 (INK604)
140B-0120 2.5 mm? (INK602)
140C-0050 1.0 mm? (INK653) 4 mm? (INK603)
140C-0120 2.5 mm? (INK602) 10 mm? (INK605)
140C-0170 4 mm? (INK603) 16 mm? (INK606)
140C-0350 10 mm?2 (INK605) -—
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Primary part MLP... Rated current of the mo- | Connection cable at single | Power cable at parallel ar-
torin A or parallel arrangement with | rangement with collective
(Effective value) separate power cables power cable

200A-0090 1.0 mm? (INK653) 4 mm? (INK603)
200A-0120 2.5 mm? (INK602) 6 mm? (INK604)
200B-0040 1.0 mm? (INK653) 4 mm? (INK603)
200B-0120 2.5 mm? (INK602)

10 mm? (INK605)
200C-0090 4 mm? (INK603)
200C-0120 6 mm? (INK604) 16 mm? (INK606)
200C-0170 10 mm? (INK605) 25 mm? (INK607)
200D-0035 2.5 mm? (INK602) 10 mm? (INK605)
200D-0060 see chapter 4 "Technical 4 mm? (INK603) 10 mm? (INK605)
200D-0100 data” on page 27 25 mm2 (INK607)

10 mm? (INK605)
200D-0120 | L e
300A-0090 2.5 mm? (INK602) 6 mm? (INK604)
300A-0120 10 mm? (INK605)
4 mm? (INK603)

300B-0070
300B-0120 6 mm? (INK604) 16 mm? (INK606)
300C-0060 4 mm? (INK603)
300C-0090 6 mm? (INK604)

25 mm? (INK607)
300C-0120 10 mm? (INK605)

Tab. 8-3: Necessary cross-section of the power wires depend on the motor

type, arrangement and connection type



DOK-MOTOR*-MLF********.PR05-EN-P
Rexroth IndraDyn L MLF Synchronous Linear Motors

Bosch Rexroth AG 121/277

Connection technique

8.3 Sensors

8.3.1 Temperature sensors

To ensure safe motor protectionagainst thermal overload, temperature sen-
sor SNM150.DK must be connected to the drive controller. Temperature sen-
sor KTY84-130 can be used for external temperature measurements. Ob-
serve the respective connection diagram for the selected connection type
(flange socket or terminal box) when connecting the temperature sensors.
For more information about the temperature sensors, please refer to chapter

9.16 "Motor temperature monitoring" on page 167.
= ®  Ensure correct polarity when using the sensor for tempera-
ture measurement.

e KTY84-130 is an ESD sensitive device! For this reason, the
wires of the sensor are protected by a protective foil at the
connection cable. Before connecting the sensor, take appro-
priate measures for ESD protection ( ESD = electrostatic dis-
charge).

®  The used temperature sensors are double or reinforced in-
sulated according to DIN EN 50178, so separation exists ac-
cording to DIN EN 61800-5-1.

8.3.2 Connection linear scale
The connection of the length measurement system is made via a ready-made
cable.
] connecting cable for scan head
(part of the length measuring systems,
- supplied by the measuring system manufacturer)
Q
IS
c
Q
o connector or
[} coupling
2 4—»
: e B
= \ |
L cable assembly +—>

(available from Bosch Rexroth)

scan head

\

|

material measure

|\I\IHI\HH\IHHHHH\IWIH\IIHH\H\HIIH\HIHI\HHI\HH\HI\HIHH\IH\HIH\HH\II\HHIHHHHHIHIH\II\HH

Fig. 8-10:
The following table shows an overview of the ready-made cable to the con-
nection of the length measurement system.

Connection example linear scale

Measuring system type Absolute, ENDAT Incremental
Output variable Voltage Voltage
Signal flow line Sinus Sinus
Signal amplitude 1VSS 1VSS
Position interface DAG DLF
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8.4.1
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Measuring system type Absolute, ENDAT Incremental

Depending on the connection mode of the length measuring system (flange socket
or coupling), Rexroth offers two different ready-made connection cables to connect
drive controller and measuring system:

DIAX04 <--> Connector IKS 4142 IKS 4384
DKCxx.3 <--> Connector IKS 4001 IKS 4002
IndraDrive <--> Connector IKS 4038 IKS 4041
DIAX04 <--> Coupling --- IKS 4383
DKCxx.3 <--> Coupling --- IKS 4389
IndraDrive <--> Coupling --- IKS 4040
Tab. 8-4: Connection components length measurement system

Motor cooling

General

Tightening torque

For details about dimension, form and position of coolant connection refer to
the specific dimension sheet.

When connecting the coolant ducts, please observe the assignment of inlet
and outlet.

Install systems in the cooling circuit for monitoring flow, pressure and temper-
ature.

= You need other installation materials like couplings, tubes and
fastening clips (not in the scope of delivery) to supply motors with
a coolant.

The sealing of the coolant connection is in the liability of the ma-
chine manufacturer and must be checked and approved after
each motor installation.

Additionally, record regular monitoring of the proper state of the
cooling connection in the maintenance plan of the machine.

The indicated tightening torque (see Fig. 8-5) of the thread on the motor
should not be exceeded.

Heed that depending on the form of the selected connection thread, the value
possibly cannot be used, but rather be reduced to do not damage the con-
nection thread.

= Therefore observe the information of the manufacturer of the se-
lected connection thread, especially the details about permissible
tightening torque.

The coolant connection on the motor side are provided for coolant connection
threads with axial sealing.

Bosch Rexroth recommends to use connection screws which contain an O-
ring for axial sealing of screw connections.

Not suited are sealings made of hamp, teflon-tape or with conical thread, as
this mode of sealing can permanently damage the connection thread on the
motor and therefore excessively strain.
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= The sealing of the coolant connection is in the liability of the ma-
chine manufacturer and must be checked and approved after
each motor installation.

Additionally, record regular monitoring of the proper state of the
cooling connection in the maintenance plan of the machine.

The following connection data have to be kept. Exceeding the tightening tor-
que or depth of engagement can lead to irreversible motor damage.

Screwed connection on the motor
Pipe thread
Primary part with ... 1ISO228-... Tightening torque Screw-in depths
Standard encapsu-
lation
G1/4 max. 30 Nm max. 12 mm
Thermal encapsula-
tion
Tab. 8-5: Connection liquid cooling
8.4.2 Design and sealing of coolant connection

To seal the coolant connection thread, Bosch Rexroth therefore recommends
to use screw connections which already contain an O-ring for sealing the
screw connection in axial direction.

Not suited are sealings made of hamp, teflon-tape or with conical thread, as
this mode of sealing can permanently damage the connection thread or lead

to excessively overload due to unprofessional execution.

You have the following possibilities to connect liquid cooling, for example:

Connection mode

Drawing

Tube olive

Motor Tube

olive Tube

with R1/2" thread

Tube clip

with R1/2" thread

C ]
CEpm ]
Quick coupling Motor Coupling Coupling with clamped  Tube

screw connection

—

—
| cfn [BEe—
L:I b BN S5
Clamped Motor Clamped connection Tube
connection with R1/2" thread

[

1 —

—

H

Fig. 8-11: Connecting examples of liquid cooling
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8.4.3 Maximum pressure

With all motor versions, the maximum system pressure via the internal sys-
tem circulation of the motor is 10 bar.

Pressure fluctuations within the cooling circuit should not exceed + 1 bar dur-
ing motor operation. Beyond pressure fluctuations or pressure peaks are not
permitted!

A WARNING Motor destruction!

o  Keep coolant within permissible inlet pressure.

o Incorrect pressure fluctuations and pressure peaks have to be excluded
via constructive measures.
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9 Application and construction instructions

9.1 Setup elevation and ambient conditions

The motor performance data specified are applicable for
®  Ambient temperature +0 ... +40 °C
e  Setup elevation of 0 m to 1,000 m above sea level.

Different conditions lead to a departing of the data according to the following
diagrams. Do occur deviating ambient temperatures and higher installation
altitude at the same time, both utilization factors must be multiplied.

1
fT

0 [

o8|

0420 a5 50 55 0437000 2000 3000

ta°Cl —» hml —»

@ Utilization depending on the ambient temperature
® Utilization depending on the installation altitude
fr Temperature utilization factor
ta Ambient temperature in degrees Celsius
fu Height utilization factor
h Installation altitude in meters
Fig. 9-1. IndraDyn L utilization factors

If either the surrounding air temperature or the installation altitude is above
the nominal data:

1. Multiply the motor data specified in the technical data by the determined
utilization factor.

2. Ensure that the reduced torque data are not exceeded by your applica-
tion.

If both the surrounding air temperature and the installation altitude are above
the nominal data:

1. Multiply the determined utilization factors f; and fy.

2. Multiply the resulting value by the motor data specified in the technical
data.

Ensure that your application does not exceed the reduced motor data.

= The details for the utilization against the installation altitude and
environmental temperature do not apply to the defined liquid cool-
ant on the motor, but on the whole drive system, consisting of mo-
tor, drive controller and mains supply.
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9.2 Environmental conditions

9.2.1 General

According to DIN EN 60721-3-3, IndraDyn L motors, if used in a stationary
weatherproof manner, may be operated under the following mechanical and
climatic environmental conditions.

9.2.2 Climatic environmental conditions

Climatic environmental conditions are defined according to different classes
as specified in DIN EN 60721-3-3, Table 1. They are based on long-term ex-
periences and take all influencing variables into account, e.g., air temperature
and air humidity.

The permanent use of motors according to class 3K4 by complying with the
deviations according the following table is possible. Comply with the specified
conditions for transport and storage.

Operation Transport Storage
Ambient temperature 0...+40°C -25...+70°C -25...+55°C
Relative humidity 5...95% 5...95% 5..75%
Absolute humidity 1...29 g/m3 1...60 g/m3 1...29 g/md
Condensation Not allowed Not allowed Not allowed
Climatic class corresponding to 3K4 ac-  corresponding to 2K3 ac-  corresponding to 1K3 ac-

cording to EN 60721-3-3  cording to EN 60721-3-2  cording to EN 60721-3-1

Mechanical strength see

Chapter 9.2.3 "Ambient mechanical conditions "
Tab. 9-1: Ambient conditions
9.2.3 Ambient mechanical conditions

According to IEC 721-3-3 edition 1987 or EN 60721-3-3 edition 06/1994, In-
draDyn L motors are approved for the utilization in areas that are exposed to
vibration and/or shock as given in Fig. 9-8 and Fig. 9-9 IndraDyn L motors
may be used in stationary weather-proof operation corresponding to class

3M5.

Influencing quantity Unit Maximum value
Amplitude of the excursion at 2 to 9 Hz mm 0.3
Amplitude of the acceleration at 9 to 200 Hz m/s? 1
Tab. 9-2: Limit data for sinusoidal vibrations

Influencing quantity Unit Maximum value
Total shock-response spectrum (according to Tvoe Il
IEC721-1, Edition 1990; Table 1, Section 6) yp
Reference acceleration, in IEC 721: Peak ac-

. m/s? 250

celeration
Duration ms 6

Tab. 9-3: Limits for shock load
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A WARNING Motor damage and loss of warranty!

e A motor, used outside of specified operating conditions can be dam-
aged. In addition, any warranty claim will expire.

e  Ensure that the maximum values specified in Fig. 9-8 and Fig. 9-9 for
storage, transport, and operation of the motors are not exceeded.

9.3 Degree of protection

The design of IndraDyn L synchronous linear motors corresponds to the pro-
tection mode according to DIN EN 60034-5:

Motor components Degree of protection

Primary part with standard encapsulation
Primary part with thermo encapsulation IP65

Secondary part

Tab. 9-4: Protection class of IndraDyn L motors

The type of protection is defined by the identification symbol IP (International
Protection) and two reference numbers specifying the degree of protection.
The first digit defines the degree of protection against contact and penetra-
tion of foreign particles. The second digit defines the degree of protection
against water.

1st digit Degree of protection

Protection against penetration of dust (dust-proof); complete

6 contact protection

2nd digit Degree of protection

Protection against a water jet from a nozzle directed against

5 the housing from all directions (jet water)

Tab. 9-5: IP degrees of profection

= The tests for the second code number are done with fresh water.
If cleaning is effected using high pressure and/or solvents, cool-
ants, or penetrating oils, it might be necessary to select a higher
degree of protection.

A WARNING Personal injuries, damaging or destroying

motor components!

Use IndraDyn L synchronous linear motors only in environments for which
the specified class of protection proves sufficient.

94 Noise emission

The noise emission of synchronous linear drives can be compared with con-
ventional inverter-operated feed drives.

Experience has shown that the noise generation chiefly depends on
e the employed linear guides (velocity-related travel noise),

®  The mechanical design (following cover, etc.), and

e the settings of drive and controller (e.g. switching frequency)
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A generally valid specification is therefore not possible.

9.5 Housing surface
The following table shows the condition of the enclosure surface when deliv-
ered.
Motor component Housing surface

Standard encapsulation primary

Stainless steel V4A
part

Thermal encapsulation primary

Stainless steel V4A
part

Cover sheet stainless steel V4A
Secondary part segments ) )
Magnet base carrier C45, chromatic

Tab. 9-6: Layout of enclosure surface

= It is possible to provide the surface of the motor components with
varnish with a coat thickness no more than 40 ym. Check the ad-
hesion and resistance of the varnish before applying it.

9.6 Acceptances and approvals
9.6.1 CE-Sign

Declaration of conformity  Certificate of conformity certifying the structure of and the compliance with
the valid EN standards and EC guidelines are available for all motors. If nec-
essary, these declarations of conformity can be requested from the responsi-
ble sales office.

The CE mark is applied to the motor type label of the motors.

Cce

Fig. 9-2: CE mark

9.6.2 UR/cUR Listing

IndraDyn L motors were presented to “Underwriters Laboratories Inc.®” and
have been approved by this UL authority. The E-fle number issued is
E341734.

The appropriate identification of the motors is specified on the motor rating

R s

CUR_Zeichen.fh11

Fig. 9-3: cUR mark
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RoHS conformity

We confirm in our manufacturer’s declaration TC 30806-1 (2013-06-03) that
our products confirm with the RoHS directive 2011/65/EG "Restriction of the
use of certain hazardous substances in electrical and electronic equipment".

Compatibility test

All Rexroth controls and drives are developed and tested according to the lat-
est state-of-the-art of technology.

As it is not possible to follow the continuing development of all materials (e. g.
lubricants in machine tools) which may interact with our controls and drives, it
cannot be completely ruled out that any reactions with the materials used by
Bosch Rexroth might occur.

For this reason, before using the respective material a compatibility test has
to be carried out for new materials (e. g. lubricants and cleaning agents) and
our housing or our housing materials.

Magnetic fields

Personal protection

The permanent magnets of the secondary parts of synchronous linear motors
are magnetically not shielded.

A WARNING Electromagnetic / magnetic fields! Health risk

for persons with pacemaker, metallic implants
or hearing devices! Material damage.

® Danger due to magnetic and electromagnetic fields on live

conductors or permanent magnets of electro motors.

Persons with pacemakers and metallic implants must keep
away from these motor parts.

Access to areas, in which such drive components are moun-
ted and operated, is not allowed for the named persons. It is
allowed after consulting a doctor, only.
C Keep watches, credit cards, check cards and identity cards
%\?) with magnetic strips and all ferromagnetic parts away from
magnetic fields.
When using secondary parts, please observe the safety notes under chapter
3.3.4 "Protection against magnetic and electromagnetic fields" on page 22
and chapter 3.3.6 "Protection during handling and assembly" on page 24.

No worldwide consistent and binding standard, regulation or direction exists,
in which explicite instructions or specifications for carriers of active medical
implants or pregnant women in expositions areas with electric, magnetic or
electromagnetic fields are specified. Regional directives, guidelines and
standards (e.g. BGV B11 of the German trade association, DIN EN 50527,
DIN VDE 0848, etc.) or recommendations of non-proprietary organizations
(e.g. ICNIRP) exist.

The directive 2004/40/EG on the minimum health and safety requirements re-
garding the exposure of workers to the risks arising from physical agents
specifies the maximum exposure limit values of the ICNIRP directives for pro-
fessional exposition in the European Union (EU). The European Directive
2004/40/EG additionally obliges employers, during risk assessment, even to
analyse indirect influences like influence (malfunction) of medical electronical
or electric devices (including pacemakers and other metallic implants). There-
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9.9

Chip attraction

Air freight (IATA953)

fore, observe the present specific characteristics of active medical implants in
individual cases (e.g. device mode, different stability classes) and electric
and magnetic fields which are effective on the machine. They can be different
in every single case and can be determined on the respective machine de-
pending from the construction of the machine, type, amount, arrangement
and operating mode of mounted electromagnetic-fields-radiating devices.

A general valid statement about reliability or suitability of pacemakers or oth-
er active medical implants or danger for pregnant women in these explosive
areas cannot be given by Bosch Rexroth. Basically, health risks cannot be
excluded. Generally, Bosch Rexroth does not allow employees with active
medical implants like heart pacemakers, defibrillators, a.s.0 and pregnant
women to work in such explosive areas. This is clearly signaled by a warning
label, which is stuck on the outside of every package with open permanent-
magnet parts.

= Secondary parts of IndraDyn L motors generate a static magnetic
field. The machine manufacturer (OEM) or user must determine
and decide by himself, which guideline and directive must be ob-
served for machine construction and the user manual for the ma-
chine and how working protective measures must be converted
on the machine.

Ferromagnetic chips are not attracted at a distance of approximately 100 mm
from the surface of the secondary part.

= It must be ensured that the secondary part is not located in the
immediate chip area of the machine. Suitable covers must be pro-
vided.

For shipping secondary parts MLS as air freight, limit values (according to IA-
TA953) for magnetic flow density in all room directions must be kept:

Distance of edge of pack-
age

Flow density Measure

Package can be sent with-
out declaration and desig-
nation.

21m <0.525 uT

Declaration and designa-
tion as magnetic material
necessary.

46m <0.525 uT

Shipping only with pre-ap-
proval of the responsible
national authority of the
state of departure and the
state of the airline.

46m =2 0.526 uT

Tab. 9-7: Limit values of magnetic flow density for air freight

Vibration and shock

According to IEC 721-3-3 edition 1987 or EN 60721-3-3 edition 06/1994, In-
draDyn L motors are approved for the utilization in areas that are exposed to
vibration and/or shock as given in Fig. 9-8 and Fig. 9-9 IndraDyn L motors
may be used in stationary weather-proof operation corresponding to class
3M5.
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Influencing quantity Unit Maximum value
Amplitude of the excursion at 2 to 9 Hz mm 0.3
Amplitude of the acceleration at 9 to 200 Hz m/s? 1
Tab. 9-8: Limit data for sinusoidal vibrations

Influencing quantity Unit Maximum value
Total shock-response spectrum (according to Tvoe Il
IEC721-1, Edition 1990; Table 1, Section 6) P
Reference acceleration, in IEC 721: Peak ac-

. m/s? 250

celeration
Duration ms 6
Tab. 9-9: Limits for shock load

A WARNING Motor damage and loss of warranty!

e A motor, used outside of specified operating conditions can be dam-
aged. In addition, any warranty claim will expire.

e  Ensure that the maximum values specified inFig. 9-8 and Fig. 9-9 for
storage, transport, and operation of the motors are not exceeded.

9.10 Mode of functioning

Axis construction

The following figure shows the principal design of IndraDyn L motors.

primary
with three-phase winding

/ .
9000 0000 F bonnection

N S N S N

secondary
with permanent magnets

Fig. 9-4. General construction of an IndraDyn L mofor

The force generation of the IndraDyn L motor, a synchronous-linear motor, is
the same as the torque generation at rotary synchronous motors. The pri-
mary part (active part) has a three-phase winding; the secondary part (pas-
sive part) has permanent magnets.

Both, the primary part and the secondary part can be moved.

Realization of any traverse path length can be done by stringing together
several secondary part segments.

The IndraDyn L motor is a kit motor. The components primary and secondary
part(s) are delivered separately and completed by the user by linear guide
and the linear measuring system.

The construction of an axis fitted with an IndraDyn L motor normally consists
of
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9.1

9.11.1

o Primary part with three-phase winding,

®  One or more secondary parts with permanent magnets,
® Linear scale

e Linear guide,

®  Energy flow as well as

®  Slide or machine construction

cable track . .
N linear guideways

slide and/or
machine
structure

secondary

Fig. 9-5: General construction of an axis with an IndraDyn L

For force multiplication can be two or more primary parts mechanically cou-
pled, arranged parallel or in-line. For further information see chapter 9.13.2
"Several motors per axis" on page 139.

= Only the primary and the secondary part(s) belong to the scope of
delivery of the motor.

1y Linear guide and length scale as well as further additional compo-
nents have to be made available by the user. For recommenda-
tions to tested additional components, refer to chapter 14.1 "Rec-
ommended suppliers of additional components " on page 265.

Motor design

General

IndraDyn L motors of Bosch Rexroth are tested drive components. They have
the following characters:

®  Modular system with different motor sizes and lengths for feed forces up
to 21.500 N per motor and speeds over 600 m/min

o Different winding constructions at any motor size for optimum adjust-
ment to different speed demands.
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e All motor components are completely encapsulated, i.e. crack initiation
within casting compounds, damage or corrosion of magnets a.s.o. are
excluded.

e Different designs regarding cooling and encapsulation of the primary
part (see below: standard and thermo encapsulation)

®  Protection class IP65 (all motor components)
e  High operation safety for DC bus voltage up to 750V.
®  No mechanical deterioration

®  Protection of the motor winding against thermal overstress by integrated
temperature sensors

° Flexible, shielded and strain-bearing power lead wire

To make the optimum motor for the different uses, regarding technical de-
mands and costs available, are primary parts in different designs in cooling
and encapsulation available.

e  Standard encapsulation: stainless steel encapsulation with a liquid cool-
ing integrated into the back of the motor to dissipate the lost heat.

e Thermo encapsulation: Stainless steel encapsulation with an additional
liquid cooling on the back of the motor and heat conductive plates for
optimum thermal decoupling to the machine construction.

9.11.2 Primary part standard encapsulation

Main application area

At use with less thermal demands on the machine accuracy, primary parts in
standard encapsulation present an economy solution. Primary parts with
standard encapsulation are mainly used in the general automation sector.
There, the electrical motor components are protected by a stainless steel en-
capsulation. The cooling system of this motor design is integrated into the
motor and can only be used to discharge lost heat or keeping the specified
continuous feedrate. It offers no additional thermal decoupling on the motor
side to the machine.

primary
integrated /
cooling  fixing thread | /
) > ! /
/

Al
N

laminated core- HH =E A ‘ cooling connection
A @/ (G 1/4)

motor winding ~~

permanent magnets /

secondary
Fig. 9-6: Primary part with standard encapsulation
15y For further notes regarding liquid cooling refer to chapter 9.15

"Motor cooling" on page 150.

The main application areas of this design of the primary part can be found in
the sectors:

° General automation
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o Handling
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9.11.3  Primary part thermo encapsulation

Primary parts in thermal encapsulation reach an high constant temperature
on the mounting surface due to an additional — into the encapsulation integra-
ted liquid coolant for thermal encapsulation to the machine construction. At
design "Thermal encapsulation”, a maximum temperature rise on the screw-
on surface in opposite to the coolant inlet temperature of 2 K can be reached.

additional cooling

directions fixing thread )
|\ | rima
integrated RN /‘ | P , i
cooling h /

| H /

I I
I

\@Z/fﬁ T /

laminated core —{{I_

~ cooling connection

o
@/ (G 1/4)
I_‘

motor winding

/0
T / |
permanent magnets /
secondary
Fig. 9-7: Primary part with thermo encapsulation

The primary part is not completely connected with the mounting surface on
the machine side, but only lays on increased bearing points. This offers the
following advantages:

e  Additional thermal encapsulation and therewith further minimization of
the possible heat-flow into the machine

®  Processing of the screw-on surface on the machine side makes it easier
to keep the necessary mounting tolerances.

= For further notes regarding liquid cooling refer to chapter 9.15
"Motor cooling" on page 150.

Main application area  Main application areas of this primary part design are, e.g.
®  Machine tools
®  Precision applications

9.11.4  Design secondary part

The secondary part or a secondary part segment consists of a steel base
plate with fitted permanent magnets. The fastening holes are located on the
outer edge along the secondary part.

To ensure the utmost operation reliability, the permanent magnets of the sec-
ondary part are always protected against corrosion, action of outer influences
(e.g. coolants and oil) and against mechanical damage, due to an integrated
rustless cover plate.
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Available lengths secondary parts

Required length of the secondary

9.11.5

parts

Frame sizes

Frame lengths

Fig. 9-8: Secondary part MLS

= The design of the secondary part is independent from the design
of the primary part.

Secondary parts or secondary part segments are available in the following
lengths (see also chapter 6 "Type code" on page 93).

o 150 mm
° 450 mm
° 600 mm

The required length L of the secondary part can be defined as follows:

L . =L .+ Lo
.GI'.'-C'.'-C’::';'I'JHIIJ) __1'.'.'-J."i' -'.".'-Jl.fl'.'.".‘.'l'.'l.".-‘.'-_ln'.".‘ I aray y I.".-‘.'-J."n'

Fig. 9-9: Defining the required length of the secondary part

For adjusting on different feed force requirements, Bosch Rexroth offers In-
draDyn L motors in a modular system with different sizes and lengths.

The active breadth of primary and secondary parts at linear motors serve to
define the size. A linear motor with e.g. size 100 has a laminated core and
magnet breadth of 100 mm. The IndraDyn L modular system contains the fol-
lowing motor sizes:

\40 H?O H100H140H200H300\

Fig. 9-10: Sizes of IndraDyn L synchronous linear motors

Every primary part is graduated in different motor lengths. The designation of
the length of the primary part is done by the letters A, B, C, D.
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(Al [8] [c] [D]

Fig. 9-11: Different lengths of primary parts

= For detailed information regarding frame sizes and lengths refer
to chapter 5 "Dimensions, installation dimension and - toleran-
ces" on page 73.

Requirements on the machine design

General

Derived from design and properties of linear direct drives, the machine de-
sign must meet various requirements. For example, the moved masses
should be minimized whilst the rigidity is kept at a high level.

Mass reduction

Mass rigidity

Natural frequency

Mechanically linked axes

To ensure a high acceleration capability, the mass of the moved machine ele-
ments must be reduced to a minimum. This can be done by using materials
of a low specific weight (e.g. aluminum or compound materials) and by de-
sign measures (e.g. skeleton structures).

If there are no requirements for extreme acceleration, masses up to several
tons can be moved without any problems. There is no control-engineering
correlation between the moved slide mass and the motor’s mass, as this is
the case with rotary drives.

Precondition therefore is, a very rigid coupling of the motor to the weight.

In conjunction with the mass and the resulting resonant frequency, the rigidity
of the individual mechanical components within a machine chiefly determines
the quality a machine can reach. The rigidity of a motion axis is determined
by the overall mechanical structure. The goal of the construction must be to
obtain an axis structure that is as compact as possible.

The increased loop bandwidth of linear drives required higher mechanical
natural frequencies of the machine structure in order to avoid the excitation of
vibrations.

To ensure a sufficient control quality, the lowest natural frequency that occurs
inside the axis should not be less than approximately 200 Hz. The natural fre-
quencies of axes with masses that are not constantly moving (e.g. due to
work pieces that must be machined differently) change, so that the natural

frequency is reduced with, as the mass increases. Faflim

The elasticity’s of the axes (both, the mechanical and the control-engineering
component) add up. This must be taken into account with respect to the ri-
gidity of cinematically coupled axes.
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Reactive Forces

Integrating the linear scale

If several axes must cinematically be coupled in order to produce path mo-
tions (e.g. cross-table or gantry structure), the mutual effects of the individual
axes on each other should be minimized. Thus, cinematic chains should be
avoided in machines with several axes. Axis configurations with long projec-
tions that change during operation are particularly critical.

Initiated by acceleration, deceleration or process forces of the moved axis,
reactive forces can deform the stationary machine base or cause it to vibrate.

2 5

AS

e [
T =

Fig. 9-12: Deformation of the machine base caused by the reactive force dur-
ing the acceleration process

_m-a_ 500 kg- 10 m/{s® _

As 5 um
c 1000 N/zm
As Deformation of displacement of the machine base in ym
m Mass in kg
a Acceleration in m/s?
c Rigidity of the machine base in N/um
Fig. 9-13: Typical calculation of the machine base deformation

The rigidity of the length measuring system integration is particularly impor-
tant. For explanations refer to chapter 9.17 "Length measuring system " on
page 170.

9.12.4  Protection of the motor installation space

To avoid contamination of the motor during operation (due to any kind of resi-
dues, swarfs, respirable dust, grease of the guides, etc.) within the air gap
between the primary and secondary part, you should especially pay attention
to the protection of the motor installation space.

Heed appropriate protection measures when designing the machine con-
struction, for example:

o self-made covers
° bellows covers

If dirt penetrates between the motor components due to insufficient protection
measures, this can lead during operation to ...

® an increased heat introduction due to friction between the motor compo-
nents. Hereby, temperatures can occur that lead to motor breakdown.

®  Grinding traces and/or scratch-formation on the motor components
which can lead to motor breakdown due to high mechanical force effect.

Please observe that dirt can also be brought into via coolant residues, pres-
sure air and other machine parts (e.g. grease of the guides). This must be
prevented.
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Make sure by regularly maintenance of the safety measures that their func-
tion is still kept and the motor components could not be damaged.

9.13 Arrangement of motor components
9.13.1  Single arrangement

The single arrangement of the primary part is the most common arrange-
ment.

4

4

Fig. 9-14: Single arrangement of primary parts

The independent operation of two or more primary parts on one secondary
part is possible, too. In such an arrangement, the length measuring system
can also be equipped with two or more scanning heads.

‘e

= Due to the higher sealing lip friction, the quantity of scanning
heads in encapsulated linear scales is usually limited to two.
Please contact the scale manufacturer for details.

drive controller

controller

linear scale

secondary

Fig. 9-15: Controlling a linear motor with single arrangement of the motor com-
ponents

9.13.2  Several motors per axis

General
The arrangement of several motors per axis provides the following benefits:
®  Multiplied feed forces

e  With corresponding arrangement, compensation of the attractive
forces "outwards”
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/.

/ /

Parallel arrangement

Fig. 9-16: Arrangement of several mofors per axis

Depending on the application, the motors can be controlled in two different

ways:

e  Two motors at one drive controller and one linear scale (parallel ar-
rangement)

e  Two motors at two drive controllers and two linear scales (Gantry ar-
rangement)

The arrangement of two or more primary parts on one drive controller in con-
junction with a linear scale is known as parallel arrangement. Parallel ar-
rangement is possible if the coupling between the motors can be very rigid.

drive controller

controller

secondary

mechanically linear scale
(IITIIIIIIIT] rigid coupling

secondary

Fig. 9-17: Parallel arrangement of two primary parts on one drive controller in
conjunction with a length measuring system

To ensure successful operation, the axis must fulfill the following require-
ments in parallel arrangement:

®  |dentical primary and secondary parts

e  Very rigid coupling of the motors within the axis

®  Position offset between the primary parts <1 mm in feed direction

®  Position offset between the secondary parts <1 mm in feed direction
®  Same pole sequence of the secondary parts

e |If possible, load stationary and arranged symmetrically with respect to
the motors
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position offset between position offset between
the primary parts: the secondary parts
<1mm <1mm
\ 4
4
[ o o @
S primary 1 secondary

[ ] [ J o &

. same pole identification of
power connec_tlon' the secondary parts at each
in the same direction side (same pole sequence)

([ ] [ [ @

primary 2 secondary n
[ [} [ @

w

Fig. 9-18: Alignment of motor components in parallel arrangement

= The mounting holes of the primary parts are used for defining the
correct position of the paralleled motors. Use always the same
hole in the grid of both primary parts (see Fig. 9-18). An offset of
the hole grid between the primary parts is only permitted in the
structures shown in Fig. 9-20 or Fig. 9-10.

The face ends of the primary parts may alternatively be used if the mounting
holes cannot be employed as position reference. The motor parts have the
corresponding tolerances.

Parallel arrangement: Double comb arrangement

In a parallel arrangement also within a Gantry arrangement the primary parts
in feed direction can be mechanically coupled and arranged in the form of
a "double comb arrangement” (see right-hand side). In addition to the force
multiplication, the attractive forces between primary and secondary part are
compensated towards the outside. With the corresponding arrangement, the
linear guides are not stressed additionally, and may even be sized smaller.

= Double comb arrangement (acc. to Fig. 9-16 right-hand side)
does not require a minimum distance to be kept between the two
secondary part mounting surfaces.

Parallel arrangement: Arrangement of primary parts in succession

Cable entry in the same direction

In a parallel arrangement — also within a Gantry arrangement — the primary
parts in feed direction can be mechanically coupled and arranged in succes-
sion (see Fig. 9-16, center).

To ensure successful operation, the primary parts must be arranged in a spe-
cific grid. The determination of the grid sizes that must be adhered, depends
on the direction of the cable entry and the permissible bending radius of the
power cable.

If the primary parts are arranged behind each other with the cable entries in
the same direction acc. to Fig. 9-19, an integer multiple of twice the electrical
pole pitch must be adhered to:
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Minimum distances between pri-
mary parts

Requirement

Cable entry in opposite direction

AXp
i @ @ @ @ i €] @ @ *—
s MLP (1) MLP (2) ]
e e o ¢ o e o o ¢
Xpmin
AXp
Fig. 9-19: Arrangement of the primary parts behind each other and cable entry
In the same direction
= When you determine the correct primary part distance with cable

entries in the same direction acc. to Fig. 9-19, you must always
use the same reference point for both primary parts (e.g. the
same fastening hole).

\Xo=n-2-7,

Axp Required grid spacing between the primary parts in mm

Tp Electrical pole pitch in IndraDyn L motors in mm (all sizes 37.5
mm)

n Integer factor (depends on mounting distance)

Fig. 9-20: Determining the grid distance between the primary parts with cable

entries in the same direction

According to Fig. 9-19 and Fig. 9-20 result size-related minimum distances
between the primary parts at a motor arrangement with cable output into the
same direction:

Motor version Xomin i MM

Standard encapsulationframe sizes (all) 1T5mm+n-2- T

Thermal encapsulation frame sizes (all) ESmm+n 2 i,

n The integer factor n must be chosen in that way, so that the fol-
lowing conditions can be kept.

TP Electrical pole pitch in IndraDyn L motors in mm (all sizes 37.5
mm)

Tab. 9-10: Distance xpmin fo be kept between the two primary parts with cable

entries in the same direction

Xomin 2 PEMIted bending radius motor cable in fxed installation

Fig. 9-21: Distance xpmin to be kept between the two primary parts with cable
entries in the same direction

Variant 1:
If the primary parts are arranged behind each other and with cable entries in

opposite directions to Fig. 9-22, a defined distance must be kept between the
primary parts according to Fig. 9-23 and Fig. 9-11.
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He ° e o e o ® ]
s primary 1 secondary primary 2 N
® ° ® ® ) ® ° ) F
B Xpmin
Fig. 9-22: Variant 1: Arrangement of primary parts behind each other with ca-

ble entries in opposite directions

= When you determine the correct primary part distance with cable
entries in opposite directions according to Fig.9-22 and Fig. 9-24,
you can only use the distance between the primary part end faces
X, as reference point.
XF =N 2 ' 3-:: + X::r'1 il
Xp Required distance between the front faces of the primary parts
in mm
Tp Electrical pole pitch in IndraDyn L motors in mm (all sizes 37.5
mm)
n Integer factor (depends on mounting distance)
Fig. 9-23: Determining the grid distance between primary parts with cable en-

tries in opposite directions

For a motor arrangement with cable entries at opposite directions, the follow-
ing size-related minimum distances between primary parts result from:

Motor version Xomin i MM
Standard encapsulation 65
Frame sizes (all)
Thermo encapsulation 59
Frame sizes (all)

Tab. 9-11: Distance xpmin to be kept between the two primary parts with cable

entries in opposite direction

Variant 2:

If the primary parts are arranged behind each other and with cable entries in
opposite directions to Fig. 9-24, a defined distance must be kept between the
primary parts according to Fig. 9-25 and Fig. 9-12

e o e o Jo e o o

primary 1 secondary primary 2
e ® (] o B ® ® ® ®
T Xp
Fig. 9-24: Variant 2: Arrangement of primary parts behind each other with ca-
ble entries in opposite directions
= When you determine the correct primary part distance with cable

entries in opposite directions according to Fig.9-22 and Fig. 9-24,
you can only use the distance between the primary part end faces
X, as reference point.
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Minimum distance between the
primary parts (option 2)

Requirement

Power cable connection

XF =n: 2 ) ‘T:: + X::r'1r1

Xp Required distance between the front faces of the primary parts
in mm

TP Electrical pole pitch in IndraDyn L motors in mm (all sizes 37.5
mm)

n Integer factor (depends on mounting distance)

Fig. 9-25: Determining the grid distance between primary parts with cable en-

tries in opposite directions

For a motor arrangement with cable entries at opposite directions, the follow-
ing size-related minimum distances between primary parts result from:

Motor version Xomin i MM

lati
Standard encapsulation A0mm +n 2 T,
Frame sizes (all)

Thermo encapsulation L
. flmm+n 2014
Frame sizes (all)

n The integer factor n must be chosen in that way, so that the fol-
lowing conditions can be kept.

Tp Electrical pole pitch in IndraDyn L motors in mm (all sizes 37.5
mm)

Tab. 9-12: Distance xpmin to be kept between the two primary parts with cable

entries in opposite direction

X owin © LEMIted bending racius motor cabie in fived instalation

Fig. 9-26: Distance xpmin to be kept between the two primary parts with cable
entries in opposite direction

The connection of the power wires of the connection cable on the drive con-

troller at parallel arrangement of primary parts with cable output in the oppo-

site direction is dependent from the direction of the outgoing cable.

Connection in case of arrangement with cable outlet in the same direction
(see Fig. 9-19)

Drive controller X5 1 2 3
Primary part 1 1 2 3
Primary part 2 1 2 3

Connection at arrangement with cable output into the opposite direction
(see Fig. 9-22 and Fig. 9-24)

Drive controller X5 1 2 3
Primary part 1 1 2 3
Primary part 2 1 3 2

Tab. 9-13: Connection of the power wires in case of parallel arrangement of pri-

mary parts on a drive controller
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= The primary part 1 according to and 9-22 and Fig. 9-24 is always
the reference motor that is used for determining the sensor polari-
ty and for commutation setting (refer also to chapter 13 "Com-
missioning, operation and maintenance" on page 245). Ensure
that the secondary part is correctly aligned.

You will find further information about electrical connection in
chapter 8 "Connection technique" on page 111.

Operation with two linear scales and drive controllers (Gantry arrangement)
should be planned if there are load conditions that are different with respect
to place and time, and sufficient rigidity between the motors cannot be ensur-
ed. This is frequently the case with axis in a Gantry structure, for example.

15y Parallel motors may also be used with a Gantry arrangement.

2 drive controllers

length measuring system
|EEEEEEEEEE 1 I rrrernrea
 m e ® L] e |

‘ primary gecondary ‘
® (] ® L

- =
-

no mechanically
rigid coupling

I me o o o ‘

UQ primary gecondary
P ® ® ® ®
R— |ESSSSSSEEEEEEEEE SEESSNISEEEEEEN]
[3~] length measuring system
Fig. 9-27: Gantry arrangement

With Gantry arrangements it must be remembered that the motors may be
stressed unsymmetrically, although the position offset is minimized. As a con-
sequence, this permanently existing bas load may lead to a generally higher
stress than in a single arrangement. This must be taken into account when
the drive is selected.

= The asymmetric capacity can be reduced to a minimum by exact-
ly aligning the length measuring system and the primary and sec-
ondary parts to each other, and by a drive-internal axis error com-
pensation.

A WARNING Uncontrolled movements

When linear motors are used in vertical axes, it must be taken into account
that the motor is not self-locking when power is switched off. Sinking the axis
can only be secured by an appropriate holding brake (see chapter 9.19
"Braking systems and holding devices" on page 176).

Suitable holding devices must be used for preventing the axis from sinking af-
ter the power has been switched off. Adequate holding devices are integrated
in most of today’s weight compensation systems. These holding devices can
be actuated electrically, pneumatically or hydraulically.
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Weight compensation

= ®  On vertical axis, the use of an absolute measuring system is
recommended.

® Incremental measuring systems can only be used, if addi-
tionally to the holding device

— a Hall sensor box is used (see chapter 7 "Accessories
and options" on page 109).

— a saturation procedure can be used for commutation
adjustment. That means, the control device makes
maximum current of the motor available.

See also chapter 9.17.2 "Selection criteria for length
measuring system " on page 171.

An additionally used weight compensation ensures that the motor is not ex-
posed to an unnecessary thermal stress that is caused by the holding forces
and the acceleration capability of the axis is independent of the motion direc-
tion. The weight compensation can be pneumatic or hydraulic.

Weight compensation with a counterweight is not suitable since the counter-
weight must also be accelerated.

9.14 Feed and attractive forces
9.14.1  Attractive forces between primary and secondary part

Considering the attractive force in
motor installation

When it is installed, a synchronous linear motor has a permanently effective
attractive force between primary and secondary part that results from its prin-
ciple. With synchronous linear motors, this attractive force also exists when
the motor is switched off.

primary

attractive force

secondary

Fig. 9-28: Attractive force between primary and secondary part

These attractive forced must always be taken into account in the mechanical
design of the system.

With an unfavorable arrangement of the motors, the attractive forces can
cause deformations (deflection) in the machine structure and unacceptable
transverse stress on the linear guides. The following points should therefore
be taken into account during the design integration of the motors:

®  Arrange the linear guides as close to the motor as possible.

®  To compensate the attractive forces, you can use the parallel arrange-
ment shown at the right-hand side in Fig. 9-16
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A CAUTION Possible motor damaged by insufficient stiff

construction of the machine due to a continu-
ous and strong attractive force between pri-
mary and secondary part!

Depending on the motor arrangement, the attractive forces must be accom-
modated by linear guides and the slide and machine structure.

When installed, the attractive force must not reduce the air gap between pri-
mary and secondary part. The mechanical design must provide sufficient ri-

gidity.

= The attractive forces at nominal air gap are given in the data
sheet of the respective motor in chapter 4 "Technical data" on
page 27.

9.14.2  Air-gap-related attractive forces between primary and secondary part

The attractive force rises as the distance between primary and secondary
part is reduce.

When lowering the primary part on the secondary part, result by reducing the
air gap increasing attractive forces.

The path in the following diagram shows the attractive force as a function of
the air gap.

160% T T T 1

nominal air gap

140%

120% \\

100%

80% \

attractire force rel. to norminal air gap

60% \\
N
40% P
L
o, \\-"“*—
20% — ]
[
0%
0 mm 5 mm 10 mm 15 mm 20 mm 25 mm 30 mm
measurable air gap
Fig. 9-29: Air-gap-related attractive forces between primary and secondary part

9.14.3  Air-gap-related attractive forces vs. power supply

The attractive force decreases with rising power supply of the primary part.

The path in the following diagram shows the attractive force vs. the power
supply.
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Farr '

0 Imax
Farr Attractive force
Imax Maximum current
Fig. 9-30: Aftractive force vs. power supply

9.14.4  Air-gap-related feed force

Air gap tolerances  The feed force detailed in the specifications are related to the specified rated
air gap. The tolerances permissible for the measurable air gap have a slight
effect on the feed forces that can be achieved. The following diagram shows
this relationship:

103%

g 102% \ﬂ.

=2} \

T 101% S~

E S~

[=] ]

c

2 100%

E ~ ]

o

S 99% T~

2

- m_—_——t——— === —— === === == == = — —— e

8 \x

b 0, -

98% nominal air gap nominal air gap
MLF040...200 ———— MLF300 —
97% ' | ' ‘ ! ‘
0,7 mm 0,8 mm 0,9 mm 1,0 mm 1,1 mm 1.2 mm 1,3 mm
measurable air gap LUFTSPALTABHANGGE YORSCHUBKRAFT MLF_ER 3L
Fig. 9-31: Feed force within the air gap tolerance of synchronous linear motors
IndraDyn L.
= The sizes in Fig. 9-31 are only valid for IndraDyn L synchronous
linear motors and there is no general correlation for other motor
types.

9.14.5 Reduced overlapping between primary and secondary part

When moving in the end position range of an axis, it can be necessary that
the primary part moves beyond the end of the secondary part. This results in
a partial coverage between primary and secondary part.
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If primary and secondary part are only partially covered, a reduced feed
forces and attractive forces result.

The force reduction does not start immediately. It differs according to the en-

capsulation types and the installation position of the primary part.

Outside the beginning and end areas (sg4 Or Sry), the force is reduced linearly
as a function of the reduced coverage area.

The following diagram illustrates the correlation between the coverage be-
tween primary and secondary part and the resulting force reduction.

feed and attractive force as a function
of the coverage factor between
primary and secondary part

100 %

90 %

80 %

70 %

60 %

50 %

40 %

30 %

20 %

10 %

0%

overall length of the primary part

Fig. 9-32: Force reduction with partial coverage of primary and secondary part
MOUNTING POSITION 1 MOUNTING POSITION 2
B T
— primary primary ‘ >
secondary secondary ‘
Sk SR
N—‘ primary primary ﬁ’
secondary secondary
Sr2 Sr2
Fig. 9-33: Presentation of force reduction with regard fo Fig. 9-33
Installation position 1
Motor version
Sg1 [mm] Sgz [mm]
Standard encapsulation 30 5
Thermal encapsulation 52 8
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9.15
9.15.1

Installation position 1
Motor version
Sgr1 [mm] Sk [mm]
Installation position 2
Standard encapsulation 5 30
Thermal encapsulation 8 52
Tab. 9-14: Partial coverage vs. installation position

The partial coverage of primary and secondary parts must not be used in
continuous operation since there is an increased current consumption of the
motor. Instabilities in the control loop can be expected from a certain reduc-
tion of the degree of coverage onwards.

A WARNING Malfunctions and uncontrolled motor move-

ments due to partial coverage of primary and
secondary part!

o Partial coverage of primary and secondary part only when moving to the
end position during a drive error

®  Minimum coverage factor 75%

Motor cooling

General

Materials used

Rexroth IndraDyn L kit motors have a closed coolant circuit. The motor power
loss Py transformed to heat is dissipated using the cooling circuit. The cooling
system must be rated by the machine manufacturer such that all require-
ments regarding flow, pressure, cleanliness, temperature gradient, etc. are
maintained in every operating state.

A CAUTION Impairment or failure of motor, machine or

cooling system!

° Observe the manufacturer's instructions when designing and ope-
rating cooling systems.

o Do not use coolants or cutting materials from machining processes.

° Avoid contamination of the cooling medium as well as modifications of

chemical composition and pH.

e  Observe the notes and limitations for operating motors without liquid
cooling under chapter 9.15.5 "Operation of IndraDyn L synchronous lin-
ear motors without liquid cooling" on page 158.

The coolant medium gets in contact with the following materials in the pri-
mary part:

Component MLP... coolant ducts Screw connections
040 ... 300 Copper (Cu) Brass (CuZn39Pb2)
Tab. 9-15: Materials coming into contact with the coolant

In dimensioning and operating the cooling system, the machine manufacturer
has to exclude all chemical or electro-chemical interactions with subsequent
corrosion or disintegration of motor parts.



DOK-MOTOR*-MLF********.PR05-EN-P Bosch Rexroth AG 151/277
Rexroth IndraDyn L MLF Synchronous Linear Motors

Application and construction instructions

9.15.2 Thermal behavior of linear motors

Power loss

Thermal time constant

The rated feed force of a synchronous linear motor can be achieved is mainly
determined by the power loss Py produced during the energy conversion
process. The power loss fully dissipates in form of heat. Due to the limited
permissible winding temperature it must not exceed a specific value.

The maximum winding temperature of IndraDyn L motors is
155°C. This corresponds to insulation class F.

The total loss of synchronous linear motors are defined almost exclusively
because of the low relative velocities among primary and secondary part due
to short-circuit loss of the primary part:

3
Py o= Fy= E'F'ﬁz'ﬁ}

Py Total loss in W

Py Short-circuit loss in W

| Current in motor cable in A

Rq2 Electrical resistance of the motor at 20°C in Ohm (see Chapter
4 "Technical data”)

fr Factor temperature-related resistance raise

Fig. 9-34: Power loss of synchronous linear mofors

= When you determine the power loss according to Fig. 9-34 you

must take the temperature-related rise of the electrical resistance
into account. At a temperature rise of 115 K (from 20 °C up to
135 °C), for example, the electrical resistance goes up by the fac-
tor fr = 1.45.

The temperature variation vs. the time is determined by the produced power
loss and the heat-dissipation and —storage capability of the motor. The heat-
dissipation and —storage capability of an electrical machine is (combined in
one variable) specified as the thermal time constant.

= With liquid cooling systems, the thermal time constant is between
5 ...10 min (depending on size).

The following figure (Fig. 9-35) shows a typical heating and cooling process
of an electrical machine. The thermal time constant is the period within which
63% of the final over temperature is reached. With liquid cooling, the cooling
time constant corresponds to the heating time constant. Thus, the heating
process and the cooling process can both be specified with the specified
thermal time constant (heating time constant) of the motor.

Together with the duty cycle, the correlation to Fig. 9-36 and Fig. 9-38 are
used to define the operating modes, e.g. acc. to DIN EN 60034-1.



152/277 Bosch Rexroth AG DOK-MOTOR*-MLF********.PR05-EN-P
Rexroth IndraDyn L MLF Synchronous Linear Motors

Application and construction instructions

T T |
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Fig. 9-35: Heating up and cooling down of an electrical machine
Heating up
,/ ! ""\.I F
H) =% |1-e “ + 9 e
L s
Te Final over temperature in K
%a Initial over temperature in K
t Time in min
tin Thermal time constant in min (see Chapter 4 "Technical Data)
Fig. 9-36: Heating up (over temperature) of an electrical machine compared

with coolant

Final over temperature  Since the final over temperature is proportional to the power loss, the expec-
ted final over temperature 4, can be estimated according to Fig. 9-37:

2
lge - Pf ' 195 max F“:f? ' "gfrﬁﬁx
Fin Fan
Pee Continuous power loss or average power loss over cycle dura-
tion in W (see Chapter 11.4)
PN Nominal power loss of the motor in W
Pemax Maximum final over temperature of the motor in K
Foit Effective force in N (from application)
Fyn Continuous rated force of the motor in N (see Chapter 4 "Tech-
nical data”)
tin Thermal time constant in min (see Chapter 4 "Technical Data)

Fig. 9-37: Expected final over temperature of the motor
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Iy

A
lg{f} — l.ge = K
Do Final over temperature or shutdown temperature in K
t Time in min
tin Thermal time constant in min (see Chapter 4 "Technical Data)
Fig. 9-38: Cooling down of an electrical machine

Cooling concept of IndraDyn L synchronous linear motors

Standard encapsulation

Thermal encapsulation

The request for highest feed forces and minimum installation volume usually
requires linear motors to be equipped with a liquid cooling. The liquid cooling
ensures:

e that the power loss is removed and, consequently, rated feed forces are
maintained;

e that a certain temperature level is maintained at the machine

The cooling and encapsulation concept of IndraDyn L motors contains two
different solutions:

Primary parts with standard encapsulation are mainly used in the general au-
tomation sector. The cooling system of this motor design is integrated into the
motor and can only be used to discharge lost heat or keeping the specified
continuous feedrate. It offers no additional thermal decoupling on the motor
side to the machine. The maximum temperature of the contact surface can
locally rise up to 60 °C. These maximum temperature gradients can occur in-
dependently of the coolant inlet temperature.

For an optimum thermal decoupling between the motor and the machine
structure, the primary parts of the thermal encapsulation version have an ad-
ditional liquid cooling system at the back of the motor and at longitudinal and
frond ends. The constant temperature that can easily be attained and the
minimum heat transfer into the machine make the primary parts of the ther-
mal encapsulation version particularly suitable for the utilization in machine
tools and in other precision applications. Inside the motor there is already an
optimum connection between the internal cooling circulation used for remov-
ing the power loss and the cooling ducts of the thermal encapsulation.

The primary part is not completely connected with the mounting surface on
the machine side, but only lays on increased bearing points. This provides an
additional thermal decoupling and, consequently, further minimization of the
possible heat transfer into the machine (see Fig. 9-39).

= Using the thermal encapsulation does not provide any improved
performance date, e.g. for the continuous feed force. The power
ratings are identical for both versions.
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9.15.4

General

Secondary parts

temperature rise of the attachment surface A
against the coolant inlet temperature

air gap (1mm
(add%ional thermal
decoupling)

seating ledges

'\U G\\\ machine stru/t{:jurf///g J

cooling at machine side (option)

Fig. 9-39: Cooling concept for thermal encapsulation

The secondary version is identical for both primary part versions. The secon-
dary part does not develop any power loss. With inadvertent conditions (ex-
tended standstill or slow velocity of the primary part together with a simulta-
neously acting high continuous force), there can be a heat transfer by the pri-
mary part due to radiation or convection.

= The secondary part does not develop any power loss. The maxi-
mum heat infiltration possible of the primary part at standstill and
continuous nominal force is approximately 3% of the motor’s
nominal power loss.

The heat transfer depends on the ambient temperature and on the installa-
tion conditions in the machine.

To maintain a constant temperature level in the machine, cooling can be
done at the machine side, e.g. via two cooling pipes (see Fig. 9-39).

Coolant medium

The specified motor data and the characteristics of the motor cooling system
(e.g. continuous feed forces, pressure losses, and flow characteristics), and
all the other specifications in this Chapter are related to liquid cooling with
coolant water. Most cooling devices use water, too.

The following coolants can be used:

e Water

e Oil

e Air

= The specified motor data and the characteristics of the motor

cooling system (e.g. continuous feed forces, pressure losses, and
flow characteristics), and all the other specifications in this Chap-
ter are related to liquid cooling with coolant water.

This data is no longer valid and must again be calculated or determined em-
pirically if coolants with different material characteristics are used.
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An impairment of the thermal decoupling may also have to be taken into ac-
count, if necessary.

A WARNING Impairing the cooling effect of damaging the

cooling system!

e  Adjust coolant and flow to the required motor performance data

e  With coolant water use anticorrosion agent and observe the specified
mixture and the pH-value.

e  Use approved anticorrosion agents, only

® Do not use cooling lubricants from machining process
e  Filter the coolant

® Do not use flowing water

e Use a closed cooling circuit

e  Adhere to the specified inlet temperatures

® Do not exceed the maximum pressure

®  Motor operation not without liquid cooling

Cooling with running water from the public supply network is not allowed.
Hard water may cause precipitations or corrosion and damage both motor
and cooling system. Water used as cooling water has to meet certain criteria
and, if applicable, has to be treated accordingly. For detailed information,
please contact your manufacturer for coolant additives (refer to "Recommen-
ded manufacturers of coolant additives" on page 156).

= Danger of damage due to insufficient water quality in the coolant
circuit!

Deposits within the cooling system can reduce the coolant flow
and thereby reduce the power of the cooling system.

Please make sure that the used water has the following charac-
teristics:

® pH-value:7...8.5

®  Grade of hardness: 10° dH

®  Chloride: max. 20 mg /|

e Nitrate: max. 10 mg /|

e  Sulfate: max. 100 mg /|

®  Insoluble substances: max. 250 mg /|
Normally, tap water meets these demands.

Observe further notes regarding suitable consistence of the cool-
ant.

Not only the mixture, but also the pH-value of the used coolant must be
checked in suitable distances. The coolant should be chemically neutral.
Larger deviations can lead to changes in the stability of the emulsion, the be-
havior towards sealant, and the corrosion protection capability.

For corrosion protection and for chemical stabilization, the cooling water has
to have an additive suitable for mixed-installations with the materials steel or
iron, aluminum, copper and brass.
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Cleaning the coolant circuit

Coolant additives

Recommended manufacturers of
coolant additives

Cooling water NALCO CCL100

If the coolants, additives or cooling lubricants used are too aggressive, the
motors may be damaged to an irreparable degree.

®  Use systems with a closed circuit and a fine filter < 100 pm.

®  Observe the environmental protection and waste disposal instructions at
the place of installation when selecting the coolant.

Inspect and clean (purge) the cooling system at regular intervals as specified
in the machine and cooling system manufacturer's maintenance schedule.

Note that the utilization of unsuitable cleaning agents may cause irreversible
damage to the motor cooling system. This type of damages does not lie with-
in the responsibility of Bosch Rexroth.

A CAUTION Risk of damage to the motor cooling system

by unsuitable cleaning agents! Loss of war-
ranty!

®  The only liquids or materials allowed to be used for cleaning and motor
cooling are those which do not corrode the motor cooling system or do
not react aggressively to the materials used in our motors.

e  Observe the instructions of the manufacturers of the cleaning agent and
the cooling system.

= After operation of the motor, e.g. in case of storage or return, the
coolant must be removed completely out of the motor for environ-
mental and motor protection reasons.

The proper chemical treatment of the closed water systems is precondition to
prevent corrosion, to maintain thermal transmission, and to minimize the
growth of bacteria in all parts of the system.

Bosch Rexroth recommends using coolant additives of NALCO Deutschland
GmbH.

Depending on the size of the cooling system, the user may use different addi-
tives in form of “ready-to-use cooling water” and “water treatment kits”.

= ®  Use of the following chemicals is designed for closed cooling
systems and the following metallurgy: Stainless steel, alumi-
num, copper and non-ferrous metal.

®  The container size and its ingredients of a water treatment
kit are adjusted for the specified system volume and can be
poured into the coolant tank without regard to other mixture
ratios.

Ready-to-use cooling water (Company NALCO)

System volume in liters Order code Additives NALCO...
0.5...50 Nalco CCL100.11R CCL100
Tab. 9-16: Readly-to-use cooling water (Company NALCO)

Nalco CCL100 is a ready-to-use, preserved cooling water for the use in
closed cooling water systems. It is supplied directly to the closed systems
and contains all reagents in the proper treatment concentration.
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Coolant additive NALCO
TRAC100

Coolant additive NALCO 7330

Coolant additive NALCO 73199

Water quality of additional water

Application and construction instructions

Nalco CCL100 contains a corrosion inhibitor protecting ferrous metal, copper,
copper alloys and aluminum against corrosion. Nalco CCL100 is free of nitrite
and minimizes the micro-biological growth.

Water treatment kits (Fa. NALCO)

System volume in liters Order code Additives NALCO...
50...99 480-BR100-100.88
TRAC100
100 ... 199 480-BR100-200.88
7330
200 ... 34 480-BR100-350.
00 ... 349 80 00-350.88 73199
350 ... 500 480-BR100-500.88
Tab. 9-17: Water treatment kits (company NALCO)

Nalco TRAC100 is a liquid corrosion and film inhibitor for the use in closed
cooling systems. Optionally with TRASAR technology: it monitors, shows and
dosages the product automatically to its target concentration and continuous-
ly protects the system. Nalco TRAC100 is a complete inhibitor protecting fer-
rous metal, copper alloys and aluminum against corrosion. Nalco TRAC100
is free of nitrite and minimizes the requirements for micro-biological control.

Nalco 7330 is a non-oxidizing broad band biocide and suitable for application
in closed cooling circuit systems.

Nalco 73199 is an organic corrosion inhibitor supporting a fast own protection
layer and covering protection layer for non-ferrous metals.

The above additives are part of the preventive water treatment program by
Nalco. It comprises not only the chemicals but also test methods, service and
equipment. All these are made available to the user of the products.

Conductivity :v a2tgrf./§.n;)(e.g. purified water, osmosis
Total hardness < 0.5 °dH bzw. < 10 mg/l CaCO;
Microbiology <100 KBE/mI (CFU/mI)

Iron / copper < 0.1 mg/l

Turbidity free from turbidity substances

Tab. 9-18: Water quality of additional water

The water treatment program is a specification for the user and describes the
necessary minimum.

Additional equipment, tests and service must be coordinated with Nalco to
reach optimum performance and system protection for the cooling system.

For further information or ordering please contact
NALCO Deutschland GmbH
www.nalco.com

= Bosch Rexroth gives no general statements or investigations re-
garding suitability of device-specific cooling media, additives or
operating conditions.
The suitability test for the used cooling media and the designing
of the liquid cooling system lies in the responsibility of the ma-
chine manufacturer.




158/277

Bosch Rexroth AG

DOK-MOTOR*-MLF********.PR05-EN-P
Rexroth IndraDyn L MLF Synchronous Linear Motors

Application and construction instructions

Coolant temperature

Temperature range

Continuous feed force vs. coolant

9.15.5

temperature

The recommended temperature range of the coolant is 15...40°C. The cool-
ant temperature must never be outside this range. The adjusted coolant inlet
temperature must be chosen with regard to the actual existing environmental
temperature and should be max. 5°C lower than the measured environmental
temperature.

An overstepping of the recommended temperature range leads to a stronger
reduction of the continuous feed force.

= The coolant inlet temperature should be maximum 5 K lower than
the actual existing room temperature to avoid condensation.

A WARNING Reduction of the continuous feed force of de-

struction of the motor!

Keep coolant within permissible temperature range

The specification of the rated feed force in the technical motor specifications
is related to a coolant inlet temperature of 30 °C.

If the inlet temperature is different, there is a minor change of the continuous
feed force according to Fig. 9-40:
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95%
15°C 20°C 25°C 30°C 35°C 40°C
Cooling water inlet temperature
Fig. 9-40: Confinuous feed force vs. coolant flow temperature

Operation of IndraDyn L synchronous linear motors without liquid

cooling

Theoretically an operation of IndraDyn L motors without any liquid coolant is
possible.

Therefore, please heed the following restrictions:

e  Without liquid coolant only reduced power data are available. These are
listed in this documentation.

e The stated values in the data sheets regarding rated force and rated
current of the motors must be lowered depending on the coupling of the
motors to ~40 % of the stated value.
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A higher temperature load of the machine can be expected This results
in an extension of the nominal air gap, which is stated in the particular
data sheets of the motors. It must be extended by 0.2 mm.

It does not reduce the available maximum force of the motors.

Depending on the load, the temperature at the contact surface of the primary
part may rise up to 140°C without liquid cooling. The power loss of the mo-
tors is dissipated over the screw-surface and the machine construction on the
customer side.

A WARNING Drastic reduction of the rated feed force and

significant heating and stress of the machine
structure if synchronous linear motors are
used without liquid cooling!

Provide liquid cooling

The reduction of the rated force and the heating of the machine struc-
ture (stress due to expansion) must be included in the sizing and design
of axes that are used without liquid cooling.

Reduce the current over the parameter S-0-0111 on the non-water
cooled motor when start-up! Without a reduction of the rated current, the
motor heats up so fast that the thermal contacts cannot switch off the
motor in every case on time. An overheated winding is the conse-
quence. Due to the overheated winding, the winding insulation is weak
or in an extreme case destroyed.

Therefore, note the details about parameterization withinchapter
13.4 "Parameterization " on page 248 about operating an Indra-
Dyn L synchronous linear motor without liquid cooling.

9.156.6  Sizing the cooling circuit

General

o, W

>
— ®
T1 P4 T2 P2
Q Flow quantity
T, Coolant inlet temperature
T, Coolant outlet temperature
P1 Inlet pressure
P2 Outlet pressure

Fig. 9-41: Liquid-cooled component
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Coolant temperature rise

Pressure drop

Design criteria

Flow quantity

Coolant flow to maintain the rated
feed force

Maintaining a constant tempera-
ture level at thermal encapsulation

AT=T,-T,

T, Coolant inlet temperature in K

T, Coolant outlet temperature in K

AT Coolant temperature rise in K

Fig. 9-42: Coolant temperature rise in K
Ap=p,—p,

o] Inlet pressure

P2 Outlet pressure

Ap Pressure drop

Fig. 9-43: Pressure drop across traversed component

Related to the motor, two basic application-related requirements must be dis-
tinguished when the cooling circuit of synchronous linear motors is sized.

1. Liquid cooling is only used for removing the power loss and thus for
maintaining the specified rated forces (e.g. for standard encapsulation
motor version)

2. At the same time, liquid cooling shall ensure a defined temperature level
at the contact surface (e.g. for the thermal encapsulation motor version).

Rexroth recommends to dimension the coolant flow for motors up to size 070
to ~ 5l/min, for size 100 to ~ 6l/min.

The minimum coolant flow required to maintain the rated feed force is defined
in Chapter 4 "Technical Data”

The specification of this value is based on a rise of the coolant temperature
by 10 K.

Fig. 9-44 and Fig. 9-19 are used to determine the necessary coolant flow at
different temperature rises and / or different coolants:

P.. - 60000
c-o-AT
Q Rated coolant flow in I/min
P Removed power loss in W
c Specific heat capacity of the coolant in J / kg - K
0] Density of the coolant in kg/m?
AT Coolant temperature rise in K
Fig. 9-44: Coolant flow required for removing a given power [oss.
Coolants Specific heat capacity of the coolantin J / Density p in kg/m?
kg - K
Water 4,183 998.3
Thermal oil 1000 887
(example)
Air 1007 1188
Tab. 9-19: Substance values of different coolants at 20°C

If you want to ensure a defined temperature level at the contact surface of the
primary part of the thermal encapsulation motor version, you must use the
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Pressure drop across the motor
cooling system
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formula acc. to Fig. 9-45 to determine the coolant flow that is necessary for
maintaining a maximum coolant temperature rise. It is to be taken into ac-
count that only a part of the power loss remains to be removed via the ther-
mal encapsulation. AT, is the temperature at the contact surface of the pri-
mary part.

= A defined temperature level at the contact surface can only be
maintained with the thermal encapsulation motor version.

q = P 25200
c-p0-AT,
Q Rated coolant flow in I/min
P Removed power loss in W
c Specific heat capacity of the coolantin J / kg - K
o] Density of the coolant in kg/m?
AT, Temperature rise on contact surface in K
Fig. 9-45: Coolant flow required for maintaining a constant temperature level at

the motor contact surface in the case of thermal encapsulation
Prerequisites: Q = Q,,, (see chapter 4 “Technical Data)

The flow resistance at the pipe walls, curves, and changes of the cross-sec-
tion produces a pressure drop along the traversed components (Fig. 9-41).

The pressure drop Ap rises as the flow quantity rises (Fig. 9-46).

o
<
Q.
o
S
©
o
—
S
0
%)
()
p
o
P
flow quantity Q
Fig. 9-46: Pressure drop vs. flow quantity; general representation

On the basis of the constant for determining the pressure drop kg, that is ex-

plained in Chapter 4 "Technical Data”, the pressure drop across the internal
motor cooling circuit can be determined as follows:

ﬁpm — kdp . Q1.?5

App, Pressure drop across the internal motor cooling circuit in bar
Q Flow quantity in I/min
Kap Constant for determining the pressure drop (see Chapter

4 "Technical data”)
Fig. 9-47: Determining the pressure drop vs. the flow quantity
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Overall pressure drop  The pressure drop across the total system is determined by the sum of a ser-
ies of partial pressure drop (Fig. 9-48). Usually, the pressure drop across the
internal motor cooling system is relatively small.

heat removal device Q_: Apy, Ap,
—> —>
) {1
L1
coolant connections

lines

€ = Ap . o
8 % w ’ .'.'
gg heat exchanger . motor Ap,, Rzeaitsfer
g_o T ' %o, peereresees :
| |
| coolant |
: pump :
| *r |
| container |
Fig. 9-48: General arrangement of a liquid cooled motor with heat removal fa-
cility
= The overall pressure drop of the cooling system is determined by

various partial pressure drops (motor, feeders, connectors, etc.).
This must be taken into account when the cooling circuit is sized.

9.16.7  Liquid cooling system
General

Machines and systems can require liquid cooling for one or more working
components. If several liquid-cooled drive components exist, they are con-
nected to the heat removal device via a distribution unit.
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heat removal device

~
heat - ~ motor
output )
coolant lines
= ~—1 motor 1
. motor
o5
£8 - motor 2
Q0O (0] -
> = s>
=
heat § @ ‘
output g 'g >+ 1 motor4
(0] o) . .
= g control cabinet air
3 > cooler
< |
]_ - I
//
control - _I_é,_ T -
cabinet oo !
L1 1L 4'
coolant temperature —1C %
controller \
distributor
Fig. 9-49: General arrangement of cooling systems with one and more drive
components

Heat removal device  The heat removal device carries off the total heat that was fed into the liquid
into a superordinate coolant. It provides a temperature-controlled coolant and
thus maintains a required temperature level at the components that are to be
cooled.

A heat removal device includes a heat exchanger, a coolant pump container
and a coolant container.

There are three different types of heat removal devices. They are identified
by the type of the heat exchanger between the different media:

1. Air-to liquid cooling unit
2. Liquid-to-liquid cooling unit
3. Cooling unit
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Fig. 9-50: Heat removal devices
Air-to-liquid Liquid-to-liquid Cooling unit
cooling unit cooling unit
Coolant temperature control Low (£5 K) Low (5 K) Good (£1 K)
accuracy
Su.perord-lnated coolant cir- No Yes No
cuit required
Heating of ambient air Yes No Yes
Power loss recovery No Yes No
Size of the cooling unit Small Small Large
Dependent of ambient tem- Yes No No
perature
Environment-damaging cool- No No Yes
ant
Notes on utilization criteria Particularly suitable for This cooling type is particu- | Particularly suitable for high
stand-alone machines that larly suitable for systems with | requirements on the thermal
do not have an superordinate | existing central feedback stability (high-precision appli-
coolant circuit available and | cooler. Id does fulfill high re- | cations, for example).
do not have to fulfill high re- | quirements on the stability of
quirements on the stability of |the coolant temperature.
the coolant temperature.

Tab. 9-20:

Overview of the heat removal devices according to utilization criteria
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The coolant lines are a major part of the cooling system. They have a great
influence on the system’s operational safety and pressure drop. The lines
can be made up as hoses or pipes.

Laying flexible coolant lines within - The coolant lines of linear motor drives with moved primary parts must be laid
the energy chain  \ithin a flexible energy chain.

The continuous bending strain of the coolant lines must always be taken into
account when they are sized and selected.

Further optional components
[ ]

Circuit types

Distributions
Coolant temperature controller
Flow indicator

A message is output when the flow drops below a selectable minimum
flow quantity.

Level monitor

Chiefly minimum-maximum level monitor to check the coolant level in
the coolant container.

Overflow valve
Safety valve

Opens a connection between the coolant inlet and tank when a certain
pressure is reached

Coolant filter (100 ym)
Coolant heating

To provide coolant of a correct temperature, in particular for coolant
temperature control

Choke and shut-off valves

The two possible ways of connecting hydraulic components (series/parallel
connection) show significant differences with respect to:

Parallel connection

Pressure drop of the entire cooling system
Capacity of the coolant pump

Temperature level and controllability of the individual components that
are to be cooled

< Pviz 9,

Q1
T
b
sq|%ep <Pz 9, |30
QS
_>

fe=1]

Fig. 9-51: Parallel connection of liquid-cooled drive components
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Series connection

The parallel connection is characterized by nodes in the hydraulic system.
The sum of the coolant streams flowing into a node is equal to the sum of the
coolant streams flowing out of this node. Between two nodes, the pressure
difference (pressure drop) is the same for all intermediate cooling system
branches.

QA=Q,+Q, ..+Q,

Ap = Ap, = Ap, = Ap,,

Ap Pressure drop
Q Flow quantity
Fig. 9-52: Pressure drop and flow quantity in the parallel connection of hydraul-

fc components

When several working components are cooled, a parallel connection is ad-
vantageous for the following reasons:

e  The individual components that are to be cooled can be cooled at the
individual required flow quantity. This means a high thermal operational
reliability.

e  Same temperature level at the coolant entry of all components (equal
machine heating) (uniformly machine heating)

e  Same pressure difference between coolant entry and outlet of all com-
ponents (no high overall pressure required)

8 <8,<8,<98,
Q9 ip - < cap -
> ~Puz 9, ~Py 2 9, —\PV?,/L 93
N, N, . Y%
APy, A8y | o AP, A, »L Apg, A8,
Ap
Fig. 9-563: Series connection of liquid-cooled drive components

In series connection, the same coolant stream flows through all components
that are to be cooled. Each component has a pressure drop between coolant
inlet and coolant outlet. The individual pressure drops add up to the overall
pressure drop of the drive components.

Series connection does not permit any individual selection of the flow quantity
required for the individual components to be made. It is only expedient if the
individual components that are to be cooled need approximately the same
flow quantity and bring about only a small pressure drop or if they are instal-
led very far away from the heat removal device.
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Q=Q,=Q,=Q,

Ap=Ap, +Ap, ... +Ap,

Ap Pressure drop
Q Flow quantity
Fig. 9-54: Pressure drop and flow quantity in the parallel connection of hydraul-

ic components

The following disadvantages of series connection must always be taken into
account:

®  The required system pressure corresponds to the sum of all pressure
drops of the individual components. This means a reduced hydraulic op-
erational safety due to a high system pressure.

e  The temperature level of the coolant rises from one component to the
next. Each power loss contribution to the coolant rises its temperature
(inhomogeneous machine heating)

®  Some components may not be cooled as required since the flow quanti-
ty cannot be selected individually.

Combination of series and parallel  Combining series and parallel connections of the drive components that are
connection  to be cooled permits the benefits of both connection types to be used.

I5 1
& =Py Z %
N7
s 1
sQ Qe <Pz S sQ
8, M )
Q Ip 1
8 =Py 9
\ v
Q 5 g I
_>4 A\I\Dv4/A 84 Afvs/L S5 A\l\bvg/A 96
|t Ap »l
< >
Fig. 9-55: Combination of series and parallel connection

9.16 Motor temperature monitoring

A CAUTION Failure in the machine or damage by improp-

er use of the sensors!

J The PTC sensors are no safety devices and are not suitable for inte-
gration into safety systems to protect persons or machines.

o The PTC sensors are neither designed nor suitable for registering the
temperatures of housing, rotor or motor bearing. Additional temperature
control requirements must be realized by the machine manufacturer.

® To ensure safe motor protection against thermal overload, temperature
sensor SNM150.DK must be connected to the drive controller.
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In their standard configuration, primary parts of IndraDyn L motors are equip-
ped with built-in motor protection temperature sensors. Every motor phase
contains one out of three series ceramic PTCs, so that reliable thermal moni-
toring of the motor is possible in every operation phase. These temperature
sensors (referred to as motor protection temperature sensor below) have a
switching characteristic (Fig. 9-15) and are evaluated on all Rexroth drive
controllers.

Furthermore all primary parts with an additional temperature sensor for tem-
perature measurement. These sensor (referred to as temperature measure-
ment sensor below) has an approximately linear characteristic curve (Fig.

9-58).
T 7777777 lead identification
\ 8(d)
KTY84-130
| 7(+ sensor external temperature measurement
| *) == DO connection to drive controller
\
| 6
| ™=  PTC SNM.150.DK.***
5 motor protection temperatute sensor
| == connected to drive controller
\
\
| 3 -
\ 2 _
| power connection
| I
| L GNYE
le -
Fig. 9-56: Arrangement of temperature sensors at IndraDyn L moftors
Motor protection temperature 822; Type PTC SNM.150.DK_***
Rated response temperature 150 °C
19NAT
Resistance at 25 °C =100 ... 250 ohms
Tab. 9-21: Motor profection temperature sensor
= For the parallel arrangement of two or more primary parts, the

motor protection temperature sensors of all primary parts are con-
nected in series.
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Fig. 9-57: Characteristic of motor protection temperature sensors (PTC)
External temperature measure- Type PTC KTY84-130
ment sensor
Resistance at 25 °C 577 ohms
Resistance at 100 °C 1000 ohms
Continuous current at 100 °C 2mA
Tab. 9-22: External temperature measurement sensor
KTY84-130
1500 1
E| 1400
=
o
1300 A
1200 A
1100 A
1000 A
900 1
800 1
700 A
600
500 1
400 T
0 10 20 30 40 50 50 70 80 90 100 M0 120 130 140 150 160 170
°c
Fig. 9-58: Characteristic of femperature measurement sensor KTY84-130

(PTC)

A polynomial of degree 3 is sufficiently precise for describing the resistance
characteristic of the sensor used for temperature measurement (KTY84-130).



170/277

Bosch Rexroth AG

DOK-MOTOR*-MLF********.PR05-EN-P
Rexroth IndraDyn L MLF Synchronous Linear Motors

Application and construction instructions

Temperature in relation to the re-

sistance

Resistance in relation to the tem-

9.17
9.17.1

perature

Standstill operation

In the following, this is specified for determining a temperature at a given re-
sistance and vice-versa.

T,=A-R;*+B-R..°+C R, +D

Tw Winding temperature of the motor in °C
Ry Resistance of the temperature sensor in ohms
A =3.039-108
B=-1.44-10*
C=0.358
D =-143.78
Fig. 9-59: Polynomial used for determining the temperature with a known sen-
sor resistance (KTY84)
3 2

Ry =A-T,+B- T, +C-T,+D
Tw Winding temperature of the motor in °C
Riry Resistance of the temperature sensor in ohms
A=1.065-106
B =0.011
C=3.93
D =492.78
Fig. 9-60: Polynomial used for determining the sensor resistance (KTY84) with

a known temperature

= ®  Ensure correct polarity when using the sensor for tempera-
ture measurement.

e KTY84-130 is an ESD sensitive device! For this reason, the
wires of the sensor are protected by a protective foil at the
connection cable. Before connecting the sensor, take appro-
priate measures for ESD protection ( ESD = electrostatic dis-
charge).

®  The used temperature sensors are double or reinforced in-
sulated according to DIN EN 50178, so separation exists ac-
cording to DIN EN 61800-5-1.

For more information on connecting the temperature sensors, please refer to
chapter chapter 8.3.1 "Temperature sensors" on page 121.

In the case of motor operation within or near standstill observe special condi-
tions. Please also observe the guidelines in chapter 10.6 "Operation at or
near motor standstill" on page 210 in this context.

Length measuring system

General

A linear scale is required for measuring the position and the velocity. Particu-
larly high requirements are placed upon the linear scale and its mechanical
connection. The linear scale serves for high-resolution position sensing and
to determine the current speed.

= The necessary length measuring system is not in the scope of de-
livery of Bosch Rexroth and has to be provided and mounted from
the machine manufacturer himself.
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Particularities of synchronous line-
ar motors

Fig. 9-61:
It is necessary at synchronous linear motors to receive the position of the pri-
mary part relating on the secondary part by return after start or after a mal-
function (pole position recognition). Using an absolute linear scale is the opti-
mum solution here.

Classification of linear scales

9.17.2  Selection criteria for length measuring system
General
Depending on the operating conditions, open or encapsulated linear scales
with different measuring principles and signal periods can be used. The se-
lection of a suitable linear scales mainly depends on:
e the maximum feed rate (model, signal period)
e the maximum travel (measuring length, model)
e if applicable, utilization of coolant lubricants (model)
® incidental dirt, chips, etc. (frame size)
e the accuracy requirements (signal period)
Frame sizes
Open model Encapsulated model Measuring system, integrated in rail guides
Advantages:

- High traverse rates

- High accuracy

- Easy installation - Combined guidance and measurement

- High protection class - No additional installation required

- No friction - Incremental and absolute meas- |- Highest protection class
urement available - High traverse rates
- Little space required
Disadvantage:

- Low protection class

- Maximum velocity currently - No absolute measurement systems available

- More complicated mounting and | 120m/min
adjustment
- Currently no absolute measure-
ment systems available
Tab. 9-23: Advantages and disadvantages of different linear scales models

Open model

Encapsulated model

If there are no dirt, chips, etc. in a machine or system and if coolant lubricants
will never be used, employing an open linear scale is recommended. Thus
open linear scale are frequently used for handling axes, precision and meas-
uring machines, and in the semiconductor industry.

Encapsulated systems should be employed if chips are produced and/or
coolant lubricants are used. To achieve highest operational reliability, an en-
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Measuring system, integrated in
rail guides

Measuring principle

Absolute scales

Incremental scales

capsulated system can have additional sealing air. Encapsulated linear
scales are chiefly used at chip-producing machine tools.

The ball and roller rail guides from Rexroth are available with an integrated
inductive linear scales. The system consists of a separate scanner (read
head) and a material measure that is integrated into the rail. The material
measure is accommodated in a groove of the guide rail, and is protected by a
tightly welded stainless steel type. The read head is attached directly to the
guide carriage.

The system is insensitive against soiling (e.g. dust, chips, coolant, etc.) and
magnetic fields. Due to the little space required, the compact and robust de-
vice (measuring system and guides) permits simplified structures compared
with an externally attached measuring system. There are no costs for materi-
al and installation of external systems.

The advantages of an absolute linear scale result from the fact that a high
availability and operational reliability of the axis of motion and, consequently,
of the entire system is guaranteed.

Advantages:

®  Monitoring and diagnosis functions of the electronic drive system are
possible without any additional wiring

o No axis travel limit switches required

®  The maximum available motor force is available at any point of the trav-
el immediately after power-up.

o No referencing required

e  Easy commissioning of horizontal and vertical axes

®  pole position recognition only required for initial commissioning
Disadvantage

®  Maximum measuring length is limited (3040mm)

®  Only encapsulated systems available

= An ENDAT interface is required if absolute linear scales are used.

Using an absolute linear scales makes it possible that the pole position rec-
ognition of the motor need only be performed once for initial commissioning.
This drive-internal procedure is possible without activating the power. This
provides advantages when commissioning vertical axes, in particular.

Rexroth recommends the absolute linear scale LS181 and LC481 from Hei-
denhain. Both systems are equipped with an ENDAT interface.

Fig. 9-62: Absolute encapsulated length measuring system LC181

When an incremental linear scale is used together with a synchronous linear
motor, the pole position must be measured upon each power-up. This is
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done, using a drive-internal procedure that must be executed whenever the
axis is switched on. After this, a force processing of the motor is possible.

= With incremental linear scales, the drive-internal pole position rec-
ognition procedure (commutation adjustment) must be executed
upon each power-up.

Depending from the selected drive controller, in connection with
an incremental scale, two different procedures for pole position
recognition procedure.

e  Sinusoidal procedure in connection with drive controllers
with smaller type current als motor maximum current.

Here, axis movment during commutation happens.

e  Saturation procedure in connection with drive controllers
with same or higher type current als motor maximum cur-
rent.

Here, no axis movement during commutation is necessary
(axis can be locked)

Exact description of the commutation procedure see firmware de-
scription of drive controller and chapter 13.6 "Commutation ad-
justment " on page 252.

Advantages
e  Depending on the model, travels up to 30 m (or unlimited distance) pos-
sible

®  high feed rate possible

e Different signal periods and, consequently, different position resolutions
possible.

Disadvantages
®  Pole position must be measured upon each power-up.

e Movement of primary part at pole position acquisition necessary (only
for sinusoidal procedure)

° Pole position acquisition for vertical axes only possible with saturation
procedure

®  Pole position recognition is only possible for securely braked axes or for
axes at the hard stop with saturation procedure.

®  Pole position recognition of Gantry axes may cause problems
e Reference mark utilization and reference switch necessary
e  Safety limit switch is required

Incremental linear scales with distance-encoded reference marks offer the
benefit of a simplified and, even more important, shortened referencing. With
such a system, referencing requires the axis merely to be moved by several
centimeters (depends on the model).

Iy Distance-encoded scales do not perform absolute measurement.
Pole position recognition must also be performed upon each pow-
er-up (like incremental systems that are not distance encoded).
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Fig. 9-63: Open incremental linear scales LIDA185C with distance-encoded
reference marks

Maximum permitted velocity and acceleration

Maximum permissible feed rate

Maximum permissible acceleration
in the measuring direction

One limitation factor of the maximum permissible feed rate of a length meas-
uring system are the sealing lips and the guides of the scan carriage on the
glass rule. Currently, the velocity of an encapsulated system is limited to 120
m/min.

The other limitation factor of the maximum permissible feed rate is the fre-
quency limit of the output signals (manufacturer’s specifications) or the maxi-
mum permissible input frequency of subsequent circuits (drive controller).

v__ =T -Signalperiod- 60

max Tnax
Vimax Maximum feed rate in m/min
Signal period Signal period of linear scale in mm
frnax Maximum input frequency evaluation electronic (DAG 1 VSS:
500 kHz) (DLF 1 VSS: 500 kHz)
Fig. 9-64: Maximum traverse rate of linear scale related fo the maximum input

frequency of the scale interface

The very rigid internal structure of open linear scales permits maximum ac-
celeration values in the measuring direction of up to 200 m/s2. To permit rela-
tively high attachment tolerances, the scan carriage of encapsulated linear
scales cannot rigidly be connected with the mounting foot. Encapsulated line-
ar scales systems for linear motors, however, are comparatively rigid and
may be used for maximum accelerations in the measuring direction between
50 m/s? and 100 m/s? (depending on the length measuring system em-
ployed).

= Please refer to the documents from the corresponding manufac-
turer for detailed and updated information.

Position resolution and position accuracy

Measuring system cables

To reach a high resolution of the linear scale, an interpolation of the sinusoi-
dal input signal of the linear scale is performed in the drive controller. De-
pending on the maximum travel range and on the signal period, a drive-inter-
nal position resolution of less than 1 mm is possible.

= The drive-internal position resolution does not correspond to the
positioning accuracy! The absolute positioning accuracy is de-
pending on the entire drive system, including mechanical sys-
tems.

Ready-made cables of Rexroth are available for the electrical connection be-
tween the output of the linear scale and the input of the scale interface. To
ensure maximum transmission and scale interference safety, you should
preferably use these ready-made cables.
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Recommended linear scales for linear motors

9.17.3

Elasticity of the coupling to the
machine

Mounting method

Open linear scales systems

Encapsulated linear scales sys-
tems

Bosch Rexroth recommends the following manufacturers for suitable length
measuring systems in connection with our linear motors:

Bosch Rexroth Maria-Theresien-Str. 23

Linear and assembly technique  [97816 Lohr am Main, Germany

(Integrated measuring system for [info@boschrexroth.de
profiled rail guide) http://www.boschrexroth.com

Karl-Benz Strasse 12

Renishaw GmbH 72124 Pliezhausen, Germany

http://www.renishaw.de/
Postfach 1260

83292 Traunreut, Germany

DR. JOHANNES HEIDENHAIN

GmbH info@heidenhain.de
http://www.heidenhain.de/
Tab. 9-24: Recommended manufacturers of length measuring systems
= ® To ensure maximum interference immunity, Rexroth recom-

mends the voltage interface with 1 Vgs.

®  Please refer to the documents from the corresponding man-
ufacturer for detailed and updated information.

Mounting the length measuring systems

With linear drives, the mounting of the measuring system to the machine can
limit the bandwidth of the position control loop. As a consequence for the de-
sign, this means that the coupling between the scan unit and the rule of an
open linear scale, or between the rule enclosure of an encapsulated linear
scale, and the machine — with respect to the natural frequency — must be sig-
nificantly higher than the one of the linear scale. The natural frequencies of
today’s encapsulated linear scales are 2 kHz and higher.

It must also be ensured that the linear scales is not attached to vibrating ma-
chine components. In particular, attaching the system in the vicinity of vibra-
tion maximal must be avoided.

In order to minimize the moved masses and to obtain the highest rigidity in
the measuring direction, the scanner unit should always be moved if possible.

The user should provide an encapsulation if an open linear scale is employed
despite adverse conditions (chips, dust, etc.). It must also be noted that the
scanning head must be adjusted when the open linear scale is installed. Cor-
responding adjustment possibilities must be provided in the design (please
heed the specifications of the manufacturer).

To obtain relatively high installation tolerances, the scan carriage of encapsu-
lated linear scale is connected with the mounting base via coupling that is
very rigid in the measuring direction and slightly flexible perpendicularly to the
measuring direction. If the rigidity of this coupling in the measuring direction
is too weak, there are low natural frequencies in the feedback of the position
and velocity control loop that can limit the bandwidth. The encapsulated line-
ar scales that are recommended for linear motors usually possess a natural
frequency in the measuring direction that is above 2 kHz. Thus, the natural
frequency of the linear scale in the measuring direction can be neglected with
respect to the mechanical natural frequencies of the machine.
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Parallel arrangement of motors  [f several motors on an axis are used with a single linear scale, the motors
with one linear scale system  should be positioned as symmetrically as possible.

Gantry axes  With a Gantry axis, where each motor of pair of motors is assigned to a linear
scale system, the distance between motor and linear scale should be as
small as possible. The accuracy of the linear scale as such and with respect
to each other should be less than 5 ym/m. Drive-internal axis error compen-
sations can minimize remaining misalignments between the linear scales.

9.18 Linear guides

Depending on the motor arrangement, the attractive, feed and process forces
and the velocities of more than 600 m/min that can be reached today stress
the linear guides. The employed linear guides must the able to handle

e  Attractive force between primary and secondary part and
o Machining and acceleration forces

Depending on the application, the following linear guides are employed:
e  Ball or roll rail guides

o  Slide ways

o Hydrostatic guides

®  Aerostatic guides

The following requirements should be taken into account when a suitable lin-
ear guide system is selected:

e  High accuracy and no backlash

®  Low friction and no stick-slip effect
e  High rigidity

e  Steady run, even at high velocities
o Easy mounting and adjustment

9.19 Braking systems and holding devices
The following systems can be used as braking systems and/or holding devi-
ces for linear motors:
e  External braking devices
e  Clamping elements for linear guides
®  Holding brakes integrated in the weight compensation

(See also chapter 14.1 "Recommended suppliers of additional components "
on page 265).

= Further designs about stand-still of linear motors are given in
chapter 9.20 "End position shock absorber " on page 176 and
chapter 9.24 "Deactivation upon EMERGENCY STOP and in the
event of a malfunction " on page 180 as well as in the appropri-
ate functional description of the drive controller.

9.20 End position shock absorber

Where linear drives with frequently high traverse rates and accelerations are
concerned, uncontrolled movements (such as coasting after a mains failure)
cannot be definitely avoided.
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Suitable energy-absorbing end position shock absorber must be provided in
order to protect the machine during uncontrolled coasting of an axis.

A WARNING Damage on machine or motor components

when driving against hard stop!

®  Use suitable energy-absorbing end position shock absorber
e  Adhere to the specified maximum decelerations

= The necessary spring excursion of the shock absorbers must be
taken into account when the end position shock absorber are inte-
grated into the machine (in particular when the total travel path is
determined).

Maximum deceleration when driv-  Given by the type of fastening and by the type of the primary part (quantity of
ing againstend stop  the fastening screws, attractive force, mass, etc.), there is a maximum decel-
eration in the movement onto an end stop. If this maximum deceleration is
exceeded, this can lead to loosening the primary part and to damaging of mo-
tor components.

The maximum permissible deceleration upon moving against end stop is 300
m/s?.

Using a suitable end stop shock absorber, the maximum permis-
sible deceleration for moving against an end stop must be limited
to 300 m/s2.

Braking dist_a_nce to t?e keptwhen  With the known maximum deceleration of 300 m/s? and the maximum possi-
driving against end stop  ple velocity, the minimum spring excursion can be calculated as follows:

2
5 _ Vi
min —
2158
Smin Minimum braking distance in mm
Vimax Maximum possible velocity in m/min
Fig. 9-65: Braking distance to be kept when driving against end stop

9.21 Axis cover systems

It is generally possible, to use a wiper for removing chips directly on the sec-
ondary part, if the measures to protect the motor installation space or to pro-
tect the air gap between primary and secondary part cannot be optimally im-
plemented (see chapter 9.12.4 "Protection of the motor installation space" on
page 138). Depending on the application, design, operational principle and
features of synchronous linear motors the following requirements on axis cov-
er systems apply:

e  High dynamic properties (no overshoot, little masses)

e  Accuracy and smooth run

®  Protection of motor components against chips, dust and foreign bodies
® Resistance to oil and coolant lubricants

®  Robustness and wear resistance

The following axis cover systems can be used:

e  Bellow covers
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®  Telescopic covers
° Roller covers

A suitable axis cover system should be configured, if possible, during the ear-
ly development process of the machine or system — supported by the corre-
sponding specialized supplier (see chapter 14.1 "Recommended suppliers of
additional components " on page 265).

9.22 Wipers

It is generally possible, to use a wiper for removing chips directly on the sec-
ondary part, if the measures to protect the motor installation space or to pro-
tect the air gap between primary and secondary part cannot be optimally im-
plemented (see chapter 9.12.4 "Protection of the motor installation space" on
page 138).

A significant disadvantage of this measure is, however, if magnet dirt (foreign
bodies, chips, swarf, etc.) exists on the secondary part, this is difficult to re-
move and is afflicted with a high rate of wear because of the powerful attrac-
tive forces of the secondary part. For this reason, the wiper and the motor
components should be checked in short intervals onto wear or damage.

A WARNING Possible damage of the motor components!

Machine breakdown!

Regularly using a wiper to remove foreign chips (even non-magnetic or non-
metallic) can lead to mechanical damage of the secondary or primary part
and therewith to a machine breakdown.

Any damage of the motor components due to wipers, does not lie in the re-
sponsibility of Bosch Rexroth and does not underlie the seller’'s warranties.

The following points must be taken into account when a suitable wiper sys-
tem is selected and used:

Secondary part segments  If possible, a wiper should be used only on whole secondary part segments.
If more than one secondary part segment is used, joints between the secon-
dary part segment must be taken into account (destruction of the wiper or of
the secondary parts). In these cases, a defined distance — smaller than the
air gap among primary and secondary part — between wiper and secondary
part or a wiper in the form of a hard brush can help.

= Does the secondary part exists of several aligned secondary
parts and can come residues, coolant lubricant, grease, etc. into
the installation space of the motor during operation, please note
the following:

®  The wiper wores with subject to technical reasons. Dirt, resi-
dues, etc. will not be reliably removed with increasing wear.

®  Check the pollution degree of the secondary part and the
condition of the wiper in regular and specified intervals.
Hereby, remove already created residues onto the surface of
the secondary part.

Ferromagnetic foreign bodies  The secondary part attracts ferromagnetic bodies (e.g. chips) at a distance of
approx. 100 mm. These attractive forces must be taken into account when
ferromagnetic chips are removed.
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Temperature produced by friction  |f the utilization of the wiper causes a significant rise of the temperature on
the secondary part surface, it must be ensured that this temperature does not
exceed the limit of 70 °C.

Mounting the wiper  The wiper should be mounted to the superordinate machine construction.
Mounting the wiper in additional holes directly on the primary part is not per-
mitted.

A WARNING Damage or destruction of motor components

by inappropriate utilization of a wiper on the
secondary part!

e If possible, utilization only on whole secondary part segments

e  Take slightly height differences of the secondary part segments into ac-
count

e  Take temperature rises due to friction into account
®  Observe possible surface damage due to friction.

®  Mounting the wiper in additional holes directly on the primary part is not
permitted
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9.23
9.23.1

9.23.2

9.23.3

9.24

9.24.1

Drive and control of IndraDyn L motors

General

The following figures shows a complete linear direct drive, consisting of a
synchronous linear motor, length scale system, drive controller and superor-
dinate control.

master control

/ act.pos.values,
. communication

oz — . power,
-9 ¢ 6 lga sensor signals

| !l motor

P 0 e
4 N

=" (T T

linear scale

drive controller
- absolute ENDAT
- current control - incremental

- velocity control - distance-encoded
- speed control

- fine interpolation

Fig. 9-66. Linear direct drive

Drive controller and power supply modules

To control IndraDyn L motors, different digital drive controllers and power
supply modules are available. These drive systems are configurable and of a
modular or compact structure.

= The drive controllers and the related firmware for the IndraDyn L
motors are the same as for the rotary drives from Bosch Rexroth.

Control systems

A master control is required for generating defined movements. Depending
on the functionality of the whole machine and the used control systems,
Bosch Rexroth offers different control systems.

Deactivation upon EMERGENCY STOP and in the event of a

malfunction

General

The deactivation of an axis, equipped with an IndraDyn L motor, can be initi-
ated by

e EMERGENCY STOP,
e  drive fault (e.g. response of the encoder monitoring function) or
®  mains failure

For the options of deactivation an IndraDyn L motor in the event of a malfunc-
tion, distinction must be made between

e  Deactivation by the drive,
e  Deactivation by a master control and
®  Deactivation by a mechanical braking device.
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9.24.2 Deactivation by the drive

As long as there is no fault or malfunction in the drive system, shutdown by
the drive is possible. The shutdown possibilities depend on the occurred drive
error and on the selected error response of the drive. Certain faults (interface
faults or fatal faults) lead to a force disconnection of the drive.

A WARNING Death, serious injuries or damage to equip-

ment may result from an uncontrolled coast-
ing of a switched-off linear drive!

e  Construction and design according to the safety standards
®  Protection of people by suitable barriers and enclosures

e  Using external mechanical braking facilities

®  Use suitable energy-absorbing end position shock absorber

The parameter values of the drive response to interface faults and non-fatal
faults can be selected. The drive switches off at the end of each fault re-
sponse.

The following fault responses can be selected:
0 - Setting velocity command value to zero
1 - Setting force command value to zero

2 - Setting velocity command value to zero with command value ramp and fil-
ter

3 - Retraction

= Please refer to the corresponding firmware function description
for additional information about the reaction to faults and the rela-
ted parameter value assignments.

9.24.3 Deactivation by a master control
Deactivation by control functions

Deactivation by the master control should be performed in the following
steps:

1. The machine PLC or the machine /O level reports the fault to the CNC
control

2. The CNC control deactivate the drives via a ramp in the fastest possible
way

3. The CNC control causes the power at the power supply module to be
shut down.

Drive initiated by the control shutdown

Deactivation by the master control should be performed in the following
steps:
1. The machine I/O level reports the fault to the CNC control and SPS

2. The CNC control or the PLC resets the controller enabling signal of the
drives. If SERCOS interface is used, it deactivates the "E-STOP” input
at the SERCOS interface module.

3. The drive responds with the selected error response.
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4. The power at the power supply module must be switched off 500 ms af-
ter the controller enabling signal has been reset or the "E-STOP” input
has been deactivated.

= The delayed power shutdown ensures the safe shutdown of the
drive by the drive controller. With an undelayed power shutdown,
the drive coasts in an uncontrolled way once the DC bus energy
has been used up.

9.244  Deactivation via mechanical braking device

Shutdown by mechanical braking devices should be activated simultaneously
with switching off the power at the power supply module. Integration into the
holding brake control of the drive controllers is possible, too. The following
must be observed:

®  Braking devices with electrical 24V DC control (electrically-released)
and currents < 2 A can directly be triggered.

®  Braking devices with electrical 24V DC control and currents > 2 A can
be triggered via a suitable contractor.

Once the controller enabling signal has been removed, the holding brake
control has the following effect:

° Fault reaction ”0”, ”1” and ”3”.

The holding brake control drops to 0 V once the velocity is less than 10
mm/min or a time of 400 ms has elapsed.

° Fault reaction "2":

The holding brake control drops to 0 V immediately after the drive ena-
bling signal has been removed.

9.245 Response to a mains failure

Determining the required addition-
al DC bus capacitor

In order to be able to shut down the linear drive as fast as possible in the
event of a mains failure,

e  either an uninterruptible power supply or

®  additional DC bus capacities (capacitors), and /or
®  mechanical braking facilities

must be provided.

Additional capacities in the DC bus represent an additional energy store that
can supply the brake energy required in the event of a mains failure.

15y The control voltage must be available even at a power failure for
the time of braking! If needed, buffer the control voltage supply or
feed the control voltage from the DC intermediate circuit if possi-
ble!

The additional capacity required for a deactivation upon a mains failure can
be determined as follows:
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m-v. F s )
G-_'s-_?'o' - [/ 2 _”JX 2 3’5 ’ A,[Hf 'R‘IZ Vinax * Fl? +0.3
ST max S min 2 L max !
Cadd Required additional DC bus capacitor in mF
m Moved mass in kg
Vimax Maximum velocity in m/s
Ubcmax Maximum DC bus voltage in V
Ubcmin Minimum DC bus voltage in V
Fmax Maximum braking force of the motor in N
ki Motor constant (force constant) in N/A
Ri2 Winding resistance at 20 °C
Fr Frictional force in N
Fig. 9-67: Determining the required additional DC bus capacitor
Prerequisites:

- final velocity = 0

- velocity-independent friction
- constant deceleration

- winding temperature 135 °C

15 The maximum possible DC bus capacity of the employed power
supply module must be taken into account when additional ca-
pacities are used in the DC bus. Do not initiate a DC voltage
short-circuit when additional capacitors are employed.

9.24.6  Short-circuit of DC bus

Most of the power supply modules of Bosch Rexroth permit the DC bus to be
shortened when the power is switched off, which also establishes a short-cir-
cuit between the motor phases. When the motor moves, this causes a brak-
ing effect according to the principle of the induction; thereby the motor pha-
ses are shorted. The reachable braking force is not very high and velocity-de-
pendent. The DC bus short-circuit can therefore only be used to support ex-
isting mechanical braking devices.
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9.25 Maximum acceleration changes (Jerk limitation)

Rate of current and force rise

The maximum rate of current and force rise is determined by the available
DC bus voltage and the motor inductance. As shown in Fig. 9-68, with highly
dynamic movements and short strokes, the motor inductance should be low
and the DC bus voltage as high as possible.

di_Uoe
dt L,
aF _ Yo
- iF
dt L,
Upc DC bus voltage in V
Lys Winding inductance in H
Kir Motor constant (force constant) in N/A
i Currentin A
t Timeins
Fig. 9-68: Maximum rate of current and force rise

The acceleration change per time unit (derivative of the acceleration) is
known as jerk (Fig. 9-71).

velocity
da _ o
| = =
dt
t
acceleration

Fig. 9-69: Acceleration and velocity without jerk limitation
= The drive controller or the master control must delimit the maxi-

mum jerk when direct drives are employed (acceleration ramp
with da/dt # «Abb. 9-70).
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velocity
da Lo
dt
t
acceleration
Fig. 9-70: Acceleration and velocity with jerk limitation

The maximum jerk is determined by the maximum rate of current rise, by the
moved mass and by the motor constant:

r. = da — UDC ) KF
dt L,-m
m Moved mass in kg
Upc DC bus voltage in V
ki Motor constant (force constant) in N/A
Ly, Winding inductance in H
a Acceleration in m/s?
t Timeins
Fig. 9-71: Maximum jerk (acceleration change)

9.26 Position and velocity resolution
9.26.1 Drive internal position resolution and position accuracy

In linear direct drives, a linear scale is used for measuring the position. The
linear scale for linear motors supply sinusoidal output signals. The length of
such a sine signal is known as the signal period. It is mainly specified in mm
or ym.

With the drive controllers from Bosch Rexroth, the sine signals are amplified
again in the drive (see Fig. 9-73). The drive-internal amplification also de-
pends on the maximum travel area and the signal period of the length meas-
uring system. It always employs 2" vertices (e.g. 2048 or 4096).

. 5
3 i o i
f,=2". rounding fo 2
xr'1:—1><

fint Multiplication factor (S-0-0256, Multiplication 1)
Sp Linear scale system signal period in mm (S-0-0116 Resolution

of encoder 1)
Ximax Maximum travel (S-0-0278, Maximum travel)

Fig. 9-72: Multiplication factor
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Reachable positioning accuracy

h\
AXq
signal period
Fig. 9-73: Drive-internal multiplication and/or interpolation of the measuring
system signals

With a known signal period and a drive-internal multiplication, the drive-inter-
nal position resolution results as:

Ax, ="
o
Axy Drive-internal position resolution
Sp Linear scale system signal period (S-0-0116 Resolution of en-
coder 1)

fint Multiplication factor (S-0-0256, Multiplication 1)
Fig. 9-74: Drive-internal position resolution
= The drive-internal position resolution is not identical to the reacha-

ble positioning accuracy.

The reachable position accuracy depends on the mechanical and control-en-
gineering total system and is not identical to the drive-internal position resolu-
tion.

The reachable position accuracy can be estimated as follows (using empirical
values):

Ax .. =Ax,-30..50
Axy Drive-internal position resolution
AXgps Position accuracy
Fig. 9-75: Estimating the reachable position accuracy

Prerequisites: Optimum controller setting

= The expected position accuracy cannot be better than the small-
est position command increment of the superordinate control.

9.26.2 Velocity resolution

The resolution of the velocity (velocity quantization) is proportional to the po-
sition resolution (see Fig. 9-88) and inversely proportional to the sample time
tap from:
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9.27
9.27.1

9.27.2

9.27.3

Load rigidity
General

Application and construction instructions

AX
\\Lf:_:. — o

t A0
Avy Velocity resolution in m/s
Axy Drive-internal position resolution
tap Sample time in s (ECODRIVEQ3: 500 ys; IndraDrive: Standard

Performance 250 ps / High Performance 125 ps)

Fig. 9-76: Velocity resolution

The elastic deformability resistance of a structure against an external force is
known as rigidity (usually specified in N/um). The reciprocal value of the ri-
gidity is known as elasticity.

Influence of disturbing factors on a controlled electric drive is called load ri-
gidity. It is distinguished between static and dynamic load rigidity.

Static load rigidity

The static load rigidity of a linear direct drive only depends on the maximum
motor force and the drive-internal position resolution:

c — FITIE)C
stat
Ax,

Cstat Static load rigidity in N/um
Fmax Maximum force of the motor in N
Axp Drive-internal position resolution in pm
Fig. 9-77: Static load rigidity of linear direct drives
= The rigidity of the machine structure must be taken into account

when the static load rigidity of a linear direct drive is rated.

d,, = o
stat
FI'I'I kS
dstat Static elasticity in N/um
Fmax Maximum force of the motor in N
Axp Drive-internal position resolution in ym
Fig. 9-78: Static elasticity of linear direct drives

Dynamic load rigidity

Dynamic load rigidity and elasticity are frequency-dependent variables. The
dynamic load rigidity of a linear direct drive only depends on the controller
settings (current, velocity and position controller) and on the moved masses
(Fig. 9-80). The maximum elasticity (or the minimum rigidity) is in the area of
the natural frequency of the control loop.

In a simplified form, the following figure shows a typical elasticity frequency
response.
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111
anl J-/\\
Gfw)
Hn
N
13
a4
1oy 10 100 Vﬂg
{8
o
Fig. 9-79: Example elasticity frequency response of a linear direct drive

Despite the frequency sensitivity, a sufficiently exact estimate of the dynamic
rigidity can be made for the area below the natural frequency of the control

loop:
0.06-k, kg - (1+0.0167 -k, - T;)
Cdfn =
-n_="
e E—D’-
T | 1+ ——
N1-D
mit f with
1 0.06-k, kg - T,
2 \ym-(1+0.0167 .k, - T,)
Cayn Dynamic load rigidity in N/um
D Attenuation
ki Motor constant (force constant) in N/A
Ko Proportional gain of velocity controller in A - min/m
k, Proportional gain of position controller (Kv-factor) in m/min -
mm
Th Integral time of velocity controller in ms
m Moved mass in kg
Fig. 9-80. Estimating the dynamic load rigidity
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1
Ayn = —
h cwn

cdyn
ddyn
Fig. 9-81:

Dynamic load rigidity in N/um
Dynamic elasticity in N/um
Determining of the dynamic elasticity

_ 1 1000-Kk, -k - (B0 +k, -T))
2.7 m-T,

o

Fig. 9-82:

Natural frequency in Hz
Motor constant (force constant) in N/A
Proportional gain of velocity controller in A - min/m
Proportional gain of position controller (Kv-factor) in m/min -
mm
Integral time of velocity controller in ms
Moved mass in kg
Determining the controller’s natural frequency
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10 Motor dimensioning

10.1 General procedure

The dimensioning of linear drives is mainly determined by the application-re-
lated characteristics of velocity and feed force. The basic sequence of sizing
linear drives is shown in the figure below.

F force profile

v i i * moved mass
veloclty profile « friction, machining forces

* motor mounting position
I * motion path
« limit values for:

t - maximum velocity
- maximum acceleration

F application working point * effective force F bound. conditions
0 m F=1(v) ) * Mounting space
* maximum force F,., * motor and axis arrangement
[} . . (single, parallel or Gantry)
= * Maximum veloc:lty « cooling
- RS « ambient conditions
» Maximum velocity (coolant lubricants,chips, etc.)
— at maximum force * length measuring ssystem
VEmax ¢ linear guideways

selection of motor or motor controller combination
selection criteria:

- All working points are inside the force-

h Ry A limiting curve motor F = f(v
velocity characteristic curve of the motor El\ e v)

working pts.
application
F = f(v)

* Fmax < I:max,Motor
- Feff < FN,Motor
* Vmax < Vmax,Motor

* VFmax <= VFmax,Motor

- Motor version acc. to application v
(cooling, protection rating, etc.)

v v v

drive controller and machine structure auxiliary components
power supply module

- length measuring system

- moved masses
- cables

- power - attractive forces i .
- connection voltage - mounting space = EEI Gefen Tz
- DC bus voltage - rigidity - shock absorbers, brakes,

weight compensation, etc.

Fig. 10-1: Basic procedure of sizing linear drives
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10.2 Basic formulae
10.2.1 General movement equations

The variables required for sizing and selecting the motor are calculated using
the equations shown in the following.

= When linear direct drives are configured, the process-related feed
forces and velocities are used directly and without conversion for
selecting the drive.

Velocity v(t) = s
dt
Acceleration: alf) = @
at
Force: FE)y=alt)y-m+ F,(6)+ Fo(f)
: 1 -
Effective force: F. = I'—-_[F(!)’df
L 1
Average velocity: Vi = = -Efv(f} at
v(t) Velocity profile vs. time in m/s
s(t) Path profile vs. time in m
a(t) Acceleration profile vs. time in m/s?
F(t) Force profile vs. time in N
m Moved mass in kg
Fo(t) Base force in N
Fp(t) Process or machining force in N
Fot Effective force in N
Vavg Average velocity in m/s
t Timeins
T Total time in s
Fig. 10-2: General equations of motion

In most cases the mathematical description of the required positions vs. the
time is known (NC-program, electronic cam disk). Using the preparatory func-
tion, velocity, acceleration and forces can be calculated. Standard software
(such as MS Excel or MathCad) can be used for calculating the required vari-
ables, even with complex motion profiles.

= The following Chapter provides a more detailed correlation for tra-
pezoidal, triangular or sinusoidal velocity characteristics.
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10.2.2 Feed forces

FA
I:1 I:2
>
t
t1 t2
tall
Fig. 10-3: Determining the feed forces
Acceleration force : Foce =M-a
: : f.
Force due to weight : F.=m- g -sing.(1-—=)
100
Frictional force: Fe=p-(m-g-sina+F, )+ F,
Maximum force : Foe =F = F-+F, +F;
| F7 ot~ F7 -t +...
Effective force: Feer = ”'IJI p
Facc Acceleration force in N
Fw Force due to weight in N
Fe Frictional force in N
Fo Additional frictional or base force in N (e.g. by seals of linear
guides)
Fuax Maximum force in N
Ferr Effective force in N
Fp Processing force in N
a Acceleration in m/s?
m Moved mass in kg
g Gravitational acceleration (9.81 m/s?)
a Axis angel in degrees (0°: horizontal axis; 90°C: vertical axis)
fos Weight compensation in %
ta Total duty cycle time in s
Farr Attractive force between primary and secondary partin N
1] Friction coefficient

Fig. 10-4: Determining the feed forces
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For sizing calculations of linear motor drives, the moved mass of
the motor component must be taken into account (in particular, if
the slide masses are relatively small). However, the moved mass
and the attractive force between primary and secondary part are
only known after the motor has been selected. Thus, first make
assumptions for these variables and verify these values after the
motor has been selected.

A

O 0 @& 6

® @

>
velocity
axis arrangement:
horizontal vertical / slanted
up I
weight force Fy=0 down

Fig. 10-5:

Determining the resulting feed forces according fo motion type and
direction
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(1)  Acceleration (up) F=F,-+F.+F,
(2) Const. velocity (up) F=F +F,
(3) Deceleration (up) F=-F,~+F-+F,
(4)  Acceleration (down) : F=F,+F.-F,
(5  Const. velocity (down) F=F-F,
(6) Deceleration ( down) F=-=F,~+F-—-F,
(7) ldle time: F = FL,

Facc Acceleration force in N

Fw Force due to weight in N

Fe Frictional force in N

Fig. 10-6: Determining the resulting feed forces according fo motion type and

direction
= With horizontal axis arrangement, the weight is F\y = 0. Further di-

rectional base and process forces must additionally be taken into
account.
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The average velocity is required for determining the mechanical continuous
output of the drive. Fig. 10-2 shows the general way of determining the aver-
age velocity. The following calculation can be used for a simple determination
in trapezoidal or triangular velocity profiles:

v

A

A

Vavgi - O—0
- — V H
Va avgi
f f t
> +—>

Fig. 10-7:

Triangular or trapezoidal velocity profile

|Lfa ~v,

avi f
ail

Fig. 10-8:

10.2.4  Trapezoidal velocity
General

Average velocity for a velocity segment of the duration ti in m/s
Initial velocity of the velocity segment in m/s

Final velocity of the velocity segment in m/s

Average velocity over total duty cycle time in m/s

Duration of velocity segment in s

Total duty cycle time, including breaks and/or standstill time, in
S

Determining the average velocity with triangular or trapezoidal veloc-
ity profile

This mode of operation is characteristic for the most applications. An acceler-
ation phase is followed by a movement of constant velocity up to the deceler-

ation phase.



DOK-MOTOR*-MLF********.PR05-EN-P Bosch Rexroth AG 197/277
Rexroth IndraDyn L MLF Synchronous Linear Motors

Motor dimensioning

. : v
acceleration v = constant deceleration\ "€
ta tc th

< >
<« >

A
\ A

Fig. 10-9: Trapezoidal velocity profile
Acceleration, initial velocity = 0

= ®  \Velocity v # constant
Initial velocity v, = 0

®  Acceleration a = constant and positive

2
. V. 25 v
Acceleration: a=-—"*% =——=—F
£, t 2-8
. . ]
Final velocity: v.=a-t, =N2-4a-8§ =——
o ¢
V. v: a-f;
Travel: s=—.f=—=—2"=
2 2-a 2
_ v. 2-8 |2-5
Time: [, == =, |
a v. \ a
a Acceleration in m/s?
Ve Final velocity in m/s
t. Acceleration time in s
s Travel covered during acceleration in m
Fig. 10-10: Constantly accelerated movement, initial velocity = 0O (for trapezoidal

velocity profile)
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Acceleration, initial velocity # 0

Constant velocity
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IS *

Velocity v # constant
Initial velocity v, # 0
Acceleration a = constant and positive

. v.-v, 2.8 2w, v v,
Acceleration: a=-—"=— L=t
f, f {, 2-s
: - 2.5
. i 2
Velocity: v.=v,+alt =y2-as+v; = y v,
2 2 2
V. +V V.~V a-t
Travel: §=-° S .f = S —y_.f 7
2 ) 2-a ) 2
2
Time: foVe Ve 208 N2ESTV, V.
’ a V. +V, a
a Acceleration in m/s?
Ve Final velocity in m/s
Va Initial velocity in m/s
t, Acceleration time in s
s Travel covered during acceleration in m
Fig. 10-11: Constantly accelerated movement, initial velocity # 0 (for trapezoidal
velocity profile)
= ®  Velocity v =constant
®  Accelerationa =0
. _ 5.
Acceleration: V., =-*
fﬂ‘
Travel: s .=Vt
. 5.
Time: [ =—
Vc
Ve Average velocity in m/s
te Time during constant velocity in s
S¢ Travel covered constant velocity in m
Fig. 10-12: Constant velocity (for trapezoidal velocity profile)
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Bosch Rexroth AG 199/277

Motor dimensioning

I

Velocity v # constant
Final velocity v, =0
Acceleration a = constant and negative

2
i v 2-8 Vv
Acceleration: g=-+t =——=—°
l.fl.'_: -f.f: 2 * S
. r 2.8
Velocity: v.=a-f,=~2-a.8 =——
'f,:u
2 2
V. Ve a-t
Travel: s=—.1, =——=
2 2-a 2
—_—
_ v. 2-8 [2-s§
Time: [, == = .|
a v. \ a
a Acceleration in m/s?
Ve Final velocity in m/s
t, Braking time in s
s Travel covered during acceleration in m
Fig. 10-13: Constantly accelerated movement, initial velocity = 0 (for trapezoidal
velocity profile)
= ®  Velocity v # constant

Final velocity v, # 0

Acceleration a = constant and negative
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. v.-v., 2v. 2.8 V-V
Acceleration: a=-*“—=*== £ o=
f, £ l; 2.5
S 2.8
H . 2
Velocity: v.=V.-at, =, -2.-a-s= y V.
2 2 2
V.V, V-V, a-t
Travel: S=-f . f = oy .+ "
2 2-a 2
)
. V.~V 28 V.—Jv. —-2.5-8
Time: [ == - N
a V. +V, a
a Acceleration in m/s?
Ve Initial velocity in m/s
Ve Final velocity in m/s
tp Braking time in s
s Travel covered during acceleration in m
Fig. 10-14: Constantly accelerated movement, initial velocity # 0 (for frapezoidal
velocity profile)

10.2.5  Triangular velocity

In contrast to the trapezoidal characteristic, this velocity profile does not have
a phase of constant velocity. The acceleration phase is immediately followed
by the deceleration phase. This characteristic can frequently be found in con-
junction with movements of short strokes.

A

Vmax

acceleration deceleration

A
\ 4

Fig. 10-15: Triangular velocity profile
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. 2.v.. 4.5, v-
Acceleration: a-= = A =
t t s
. a-t 2.5,
Velocity: Vi = —— = +j@8°8,, = —
2
v -t v, a-ft
Travel: s, == ==
2 4.a 4
: 2.v. .. 4-s5_ ‘4.5
Time: [ = e = o=
a V'T'HI \ E
Vimax Maximum velocity in m/s
a Acceleration in m/s?
Sall Total motion travel in m
t Positioning time in s
Fig. 10-16: Determine triangular velocity profile

10.2.6  Sinusoidal velocity

This velocity profile results, for example, from the circular interplation of two
axes (circular movement) or the oscillating movement of one axis (grinding,

for example).

The specified variables are chiefly the motion travel or the circle diameter and

the period T.
travel s
A
M{q4--------—=
time t
T o T
L period T N
velocity v
A
Fi* o]
time t
B
> period T
VSINUSO01-MLF-EN.FH11

Fig. 10-17: Insert motion profiles of an axis at sinusoidal velocity.
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Travel profile: s(f)=r -sin (w 1)
Velocity profile: v(t)=r-cos (@ -f) o
Acceleration profile: a(t)=-r-sin(owt) o
Jerk profile: r(t)=-r,-cos{ot) o
2.7
= =2-7-f
T
Fig. 10-18: Calculation formula for motion profiles of an axis at sinusoidal veloci-
.

The following calculation bases on Fig. 10-17 and Fig. 10-18
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Maximum accerlation:

Maximum velocity :

Average velocity:

Acceleration force :

Effective force :

Vertical axis arrangement:

2.7

VY a :r'?
2 4.r
Ve T T

2 2 2
F _ Facc +FD L +FE| [uluttiy]
EFFv —

2
Base force up movement: Foww =FotF,
Base force down movement: Fogown =Fa—F.
Amax Maximum acceleration in m/s?
Vimax Maximum velocity in m/s
r Motion travel in one direction (or circle radius) in m
T Period in s
m Moved mass in kg
Facc Acceleration force in N
Ferr Effective force in N
Ferry Effective force at vertical or inclined axis arrangement in N
Fo Base force, e.g. frictional force in N
Fw Force due to weight in N
Fig. 10-19: Calculation formulae for sinusoidal velocity profile

= Further directional base and process forces must additionally be

taken into account.

Duty cycle and feed force

General

The relative duty cycle ED specifies the duty cycle percentage of the load
with respect to a total duty cycle time, including idle time. The thermal load
capacity of the motor limits the duty cycle. Capacity the motor with rated force
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is possible over the entire duty cycle time. The duty cycle must be reduced at
F > F4n (see Fig. 10-20) in order to not thermally overload the motor at higher

feed forces.

feed force
in N

Fx
| contin. nominal
I force of motor ON time
| FdN in %
: >
EDEmax EDg, ED=100%
Fig. 10-20: Correlation between duty cycle and feed force

10.3.2  Determining the duty cycle

The approximate determination of the relative duty cycle ED,y, is performed
via the correlation:

2 b
ep,. -| & 221100
LUOoMAx S
EDigeal Cyclic duration factor in %
Fere Effective force or rated force in N
Fuax Maximum feed force
Fig. 10-21: Approximate determination of duty cycle ED

Prerequisites: Linear correlation between feed force and current.

For IndraDyn L motors acc. to Fig. 10-21, only an approximate duty cycle cal-
culation is possible since there is a non-linear correlation between force and
current.

This calculation is valid for a rough determination of possible duty cycle at
short-time duty forces with Fyg < 1.5 Fyy.

You must check with Fig. 10-22 or Fig. 10-23 to exactly determine
the relative duty cycle of IndraDyn L linear motors.

The non-linearity of the characteristic curve force vs. current of synchronous
linear motor leads to an increased rise of power loss at higher feed forces.
This increased power loss leads — in particular at a high percentage of accel-
eration and deceleration processes — to a possible duty cycle that is reduced
with respect to Fig. 10-21.
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10.4.1

10.4.2
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P,
ED_, =—%_.100
e P
Al g
EDycal Possible relative duty cycle in %
PN Maximum dissipated rated power loss of the motor in W (for
continuous power loss see Chapter 4 “Technical Data”).
PavG a Average motor power loss in application over a duty cycle time
including idle time in W
Fig. 10-22: Determining the duty cycle ED
Prerequisites: Duty cycle time < Thermal time constant of motor
100%
90% \\\
80% \\
70% \\
N
Y
60%
N\
B 50% N <
~
40% '\\ ideal
30% "~ 1
20% T~
e =~
[ real (LSF) | = -
1o ‘ real [ —— ——J_
\\
0% I —
1,0 12 14 1.6 1.8 20 22 24 26 28 3,0
F/FdN
Fig. 10-23: Duty cycle vs. force for IndraDyn L synchronous linear motors

Determining the drive power

General

Rated output

To size the power supply module or the mains rating, you must determine the
rated (continuous) and maximum power of the linear drive.

= Take the corresponding simultaneity factor into account when de-
termine the total power of several drives that are connected to a
single power supply module.

The rated output corresponds to the sum of the mechanical and electrical
motor power.
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Total rated output: P =P, +F,

Mechanical rated output: 2, =F_. v,

- 5 2
Rated electrical output: P, = Fer | P. with F,< F,

\ Fdﬂ /

P Rated power in W

Pem Mechanical rated output in W

Pee Electrical continuous power loss of motor in W

Fot Effective force in N (from application)

Vavg Average velocity in m/s

Fan Rated force of the motor in N (see Chapter 4 "Technical data”)

Pun Rated power loss of the motor in W (see Chapter 4 "Technical

data”)
Fig. 10-24: Rated power of the linear motor
= The rated electrical output (see Fig. 10-24) is reduced when the

rated force is reduced.

10.4.3 Maximum output

The maximum output is also the sum of the mechanical and electrical maxi-
mum output. It must be made available to the drive during acceleration and
deceleration phase or for very high machining forces, for example.

Total maximum power: g =P +F_
Mechanical maximum power: FP__ =F -v.
Prnax Total maximum power in W
P maxm Mechanical maximum power in W
Pmaxe Electrical maximum power in W (see the following diagram)
Fmax Maximum feed force in N
VEmax Maximum velocity with Fmax in N
Fig. 10-25: Maximum power of the linear motor
= When the maximum feed force is reduced against the achievable

maximum force of the motor, the electrical maximum output P4
is reduced, too. To determine the reduced electrical maximum
output Paxe Use Fig. 10-26.
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1,0
0,8
%06
E
o
nf 04
P
0,2 /
/
,_——__——///
0,0
0,0 0,1 0,2 0,3 0.4 05 0,6 0,7 08 0,9 1.0
F ! Finax
max Maximum force of the motor in N
F Maximum force application in N
Pumax Maximum power loss of the motor in W
P, Power loss of the motor application in W
Fig. 10-26: Diagram used for determining the reduced electrical power loss
= The maximum power loss is specified in Chapter 10 "Motor-Con-

troller-Combination”

10.4.4 Cooling capacity

The necessary cooling capacity corresponds the electric continuous power
loss of the motor.

Required cooling capacity: 2, =F, = i—q P with F, < F,
Peo Required cooling capacity in W
Pee Electrical power loss of motor in W
Feos Effective force in N
Fan Rated force of the motor in N (see Chapter 4 "Technical data”)
Pun Rated power loss of the motor in W (see Chapter 4 "Technical

data”)

Fig. 10-27: Required cooling capacity of the linear motor

10.4.5 Energy regeneration

Compared with rotary servo motors, the energy of a linear motor during de-
celeration is lower. The translational velocity of a linear motor is usually much
lower than the circumferential speed of a rotary servo motor.

The regeneration energy of a synchronous linear drive results from the ener-
gy balance during the deceleration process. To size additional brake resistors
or power supply units with feedback capability, it can be estimated as follows.
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Efficiency
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2
2
,,I":"z'.‘.}’:‘..lllfr _V.F’q_g.mz.ﬁ . h
"2 2 2 e
Tta i
12;1&%’11 RE 1+é“9 {I-Cu:]
I P _ ZP Ri 'rﬁf
stg -
to
Pr Regeneration energy during a deceleration phase in W
PRravg Average regeneration energy over total duty cycle time in W
m Moved mass in kg
' Maximum velocity in m/s
tp Braking time in s
Fr Frictional force in N
Ri2 Winding resistance of the motor at 20°C in Ohm (see Chapter
4 “Technical data”)
R12, warm Winding resistance of the motor at operational temperature
Ad Temperature difference between operation temperature and
20 °C
dcy Temperature coefficient 0.0039 1/K
Amax Braking deceleration (negative acceleration) in m/s?
Kien Motor constant in N/A
tan Total duty cycle time in s
Fig. 10-28: Regeneration energy of the linear motor
Prerequisites: Velocity-independent friction
Constant deceleration
Final velocity = 0
= If the regeneration energy that is determined according to Fig.

10-28 is negative, energy is not fed back. This means that energy
must be supplied to the motor during the deceleration process.

The efficiency of electrical machines is the ration between the motor output
and the power fed to the motor. With linear motors, it is determined by the
application-related traverse rates and forces, and the corresponding motor
losses.

Fig. 10-29 and Fig. 10-30 can be used for determining and/or estimating the
motor efficiency.
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F’?.‘-Eﬂ.-".' v 1
= = = P
P-‘.'.'.': + PL" {F V} + PL" ‘ ‘1 | vel
F v

n Efficiency

Pmech Mechanical output in W

Pyel Electrical power loss in W

F Feed force in N

v Velocity in m/s

Fig. 10-29: Determining the efficiency of linear motors
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Fig. 10-30: Efficiency vs. velocity for IndraDyn L synchronous linear motors.
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Operation at or near motor standstill

Protection from thermal overload
during standstill operation

10.7

10.7.1
General

In the case of motor operation within or near standstill observe special condi-
tions. For means of simplification, this operation is indicated as standstill op-
eration in the following. The standstill operation is marked by the following as-
pects:

®  The duration of the standstill operation is longer than 10 % of the re-
spective thermal time constant Ty,

®  Motor does not move
®  Motor performs only very small strokes (< 2 * T)
®  Motor moves only at very small frequency (f < 0.1 Hz)

Due to the 3-phase system, in standstill operation always a result in one of
the three phases instantaneous value of the current, which sum is higher
than the permitted continuous current. Does the current flow continuously,
the motor is overheated and thermally damaged. Also refer to chapter 9.16
"Motor temperature monitoring” on page 167). The peak value of the instan-
taneous current is equal with the amplitude of the sinusoidal assumed phase
current. Its value is higher by root 2 than the effective value of the continuous
current (Iy). The power loss Py, created in the coil, is calculated with

P, =15-F-R,-(1+A% a_,)

Ad Temperature difference between operation temperature and
20 °C

dcy Temperature coefficient 0.0039 1/K

Fig. 10-31: Power loss coil

For the nominal current, a double power loss occurs in the respective coil.
Differentiate the following cases:
1.  Using the temperature sensor SNM.150.DK

If the drilling sensor SNM.150.DK used to monitor the winding tempera-
ture, all three phases are monitored. The motor winding is protected.

2. Using the temperature sensor KTY84-130

The KTY84-130 is mounted in one phase only. Due to the utilization of
the KTY84-130, the other phases cannot be protected from thermal
overload during standstill operation. Therefore the current in standstill
operation must be reduced according to the following table.

Primary part MLP Reducing the r.10m|nal cj‘urrent Iy at stand-
still operation to
040 ... 300 87 %
Tab. 10-1: Necessary current reduction within standstill operation

Sizing examples

Handling axis

The example of a simple handling axis is used for describing the basic proce-
dure of sizing a linear drive.
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Calculation

Motor dimensioning

The following data is specified:

Slide mass: mg = 52 kg

Maximum velocity possible: 300 m/min

Maximum acceleration possible: 50 m/s?

Axis arrangement: Horizontally, primary part moved

Base force through energy chain, seals, linear guides, etc.: F,,c = 150 N
(constant)

Additional process forces: none

Friction coefficient of linear guides: p = 0.005
Rated connecting voltage: 3 x AC 400V

Coolant inlet temperature (water): 3 .g1ant = 25 °C

Required positioning movements:

No.: | Stroke Positioning time Idle time after stroke Remark
1 600 mm 0.32s 0.20s Moving from start
position to part
pickup
2 | -1300 mm 0.50s 0.20s Parts transport
and deposit
3 700 mm 0.35s 0.45s Moving back to
start position

Tab. 10-2: Required positioning movements of the handling axis

The mass of the primary part must be taken into account when the feed
forces are determined. The attractive force between primary and secondary
part is required additionally when the frictional force is determined. The fol-
lowing assumptions are made to start with:

Mass primary part: mp = 32 kg
Attractive force: Farr = 14400 N
Check the calculations again when you have selected the motor.

The following velocity and acceleration values are selected in order to main-
tain the required position times and specified limitations.

No.: | Stroke Positioning time Feed rate Acceleration
1 600 mm 0.32s 180 m/min 25 m/s?
2 | -1300 mm 0.50s 220 m/min 25 m/s?
3 700 mm 0.35s 185 m/min 25 m/s?
Tab. 10-3: Selected velocities and accelerations of the handling axes
= When you select the position velocity and positioning accelera-

tion, you should try to find an optimum ration for the motor selec-
tion (to reach a minimum effective force, for example).
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My, = Mg +Mg
m,. =52 kg+32 kg
m,, =84 kg
Fig. 10-32: Moved total mass
Fo=F-+F,.
Fo=w-(m -g+F, ) +F,
F, =0.005-(84kg-9.81m/s* + 14400N) + 150N
F, =226 N
Fig. 10-33: Base force
F, =0N
Fig. 10-34: Force due to weight
Face =Myes -8,
F... =(84Kkg)-25m/s?
F...=2100N
Fig. 10-35: Acceleration force
F... =F.. +F
Froe = 2100 N+ 226N
Fro = 2326 N
Fig. 10-36: Maximum force
te: =0326+02s+05s+0.25+0355+045s
te. =202
Fig. 10-37: Total time or duty cycle time

Velocity and force profile  The selected velocities and the determined forces provide the following ve-
locity and force profile:
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Effective force and average veloci-
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Time t
Fig. 10-38: Velocity and force profile of handling axis

ty  the force profile:

The effective force and the average velocity are determined on the basis of

No.: | Timeft; Force F;in N Average velocity Vg in
ins m/min
1 0.120 2326 Fi = FaectFo 90
2 0.080 226 Fi=Fg 180
3 0.120 -1906 Fi = -FactFo 90
4 0.200 0 0
5 0.147 2326 Fi = FactFo 110
6 0.206 226 Fi=F, 220
7 0.147 -1906 Fi = -FaectFo 110
8 0.2 0 0
9 0.123 2326 Fi = FacctFo 92.5
10 0.104 226 Fi=Fq 185
11 0.123 -1906 Fi = -F.ctFo 92.5
12 0.45 0 0
Tab. 10-4: Force profile vs. time fo determine the effective force
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For =1325N v =77.1m/min
Fig. 10-39: Determine the effective force and average velocity

Selection of motor — controller combination

Verification of mass and attractive
force

Operation points and characteris-
tic curve of the motor

Once the application data has been calculated, an appropriate motor-control-
ler combination can be selected.

The standard encapsulation and the IndraDrive controller family are selected.
Using the calculated data, the following combination is chosen from the se-
lection data for motor-controller combinations:

Motor: MLP140C-0170-FS-xxxx
Drive controller: HMS01.1N-W150

The mass and attractive force of the selected primary part MLP140C-0170-
FS corresponds to the estimated values. The selected motor is retained with-
in the scope of this example.

Using the profiles of velocity and force (Fig. 10-38), the operating points of
the required feed forces and the necessary velocities can be determined.
These operating points and the characteristics are shown in the Figure be-
low.

MLP140C-0170-FS-xxxx

11000

10000 —Fmax_Mator —
\ W Working point
9000 of application |
\ ——Fnenn_Motor
8000 —
7000
z N\
£ 6000
E 5000 \\
= 4000
3000
2000 ¥ - = \
[ ] ] \
1000
o!!\
0 50 100 150 200 250 300
Velocityin m/min
Fig. 10-40: Force-velocity diagram of handling axis (operating points and motor
characteristic)
= All operating points that are related to force and velocity of the ap-

plication must be inside the characteristic curve of the selected
motor — controller combination.
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Selecting the secondary part segments

Selecting the secondary part seg-
ments

Power calculation

Based on the motion profile, the effective total motion path and, consequent-
ly, the required quantity and/or length of the secondary part segments can be
determined. The effective total travel is 1300 mm; the length of the selected
primary part is 510 mm.

Lsec andany = Ltntal trawel +Lprirrsar3.f

L =1300 mm+510 mm
L =1810 mm

secondany

secondany

Fig. 10-41: Required length of the secondary parts
Secondary part segments for IndraDyn L synchronous linear motors are
available in a length of 150 mm, 450 mm and 600 mm.

Three secondary part segments of 600 mm each (total length of 1800 mm)
are selected for the handling axes.

P‘ = F-::” v

Cim

4

P _1325 N_??.“l m/min
’ 60

P =1031W

Fig. 10-42: Rated mechanical power

F) _ II Fet" |
* |F

. n__motar S
(1325 N Y’
* 13150 N,

P, =354W

2000 W

Fig. 10-43: Electric confinuous power loss

P, =1385 W

Fig. 10-44: Total rated power
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Pmaxm - Fmax " VEmax
220 m/min
Pr'1:—1><r'1 = 2326 N i
P....=8329W
Fig. 10-45: Maximum output mechanical

Fig. 10-26 is used for determining the maximum electrical power loss. The ra-
tio of required maximum force and maximum force of the motor is 2,326 N /
10,000 N = 0.23

Thus, Fig. 10-26 shows a reduction factor of 0.095 for the maximum power
loss. Together with the specification of the maximum motor power loss from
the selection charts for the motor-controller combination, the maximum elec-
trical power loss results as

Pmaxe =0.03 'Pmax motor

P axe = 0.03-60.84 kW
Prraxe = 1.83 KW

Fig. 10-46: Maximum output electrical

P =P =P

TIELx T maxe

P =853 KkW+1.83 kW
P = 10.36 kW

Fig. 10-47: Total maximum output

P,=P. =3%4W

Fig. 10-48: Cooling capacity
Fig. 10-28 and the motor data in Chapter 4 "Technical Data” are used for de-
termining the regeneration energy for all deceleration phases.

2 2
P = 2~ 2FR 15 R, | o
b iF M
Fig. 10-49: Regeneration energy
No.: Brake time ty; Feed rate Acceleration Energy regeneration Pg;
1 0.120 s 180 m/min - 25 m/s? 1678 W
2 0.147 s 220 m/min - 25 m/s? 2305 W
3 0.123 s 185 m/min -25 m/s? 1767 W
Tab. 10-5: Regeneration energy during the deceleration phases

The average regeneration energy over the entire duty cycle time amounts to:
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Additional capacities for deactiva-
tion the axis upon a power failure

Selection of linear scale

Motor efficiency

Motor dimensioning

P _ Z PHi ) tt:li
all
Paay = 375 W
Fig. 10-50: Average energy regeneration

Additional DC bus capacities (capacitors) shall ensure that the axis is safely
deactivate in the event of a power failure. The determination of the necessary
additional capacity in the DC must be done according to the following exam-
ple. The motor brakes with with maximum feed force, the minimum DC bus
voltage should be 50V. The maximum velocity is 220 m/min is considered as
worst case.

m( as ) Vl'l“x F['IHX matar I/ FQ \I_
Cosa = |85 == RV —+03
UUGTax ULIII_}Tl" k'— L F'mx motor Vi
84kg- 4177 10000 N m ( 226 N
add ) S = 35 P ?12 (_2—41?— _
(940 V) —(50 V) | 82 N | s 10000 N
A
C,., =0.00594 F =59 mF
Fig. 10-51: Determine the additional capacity
= The maximum possible DC bus capacity of the employed power

supply module must be taken into account when additional ca-
pacities are used in the DC bus.

The linear scale can be selected when the effective total travel is known.

An open incremental linear scale of the LIDA187C type is selected for the
handling axis. The selected system has distance-encoded reference marks.

The motor efficiency, related on the continuous output, results as follows:

P 1031 W

CITh

TP P T1031W=354W

oo

i, =0.743

Fig. 10-52: Motor efficiency
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B = B — Foora
8, =155 K — 25 K
B, =130 K
Final overtemperature of the motor
\2
g - T | g
g (1825 N ook
* " 3150 N |
9. = 55K
Final overtemperature of the motor winding
e =, S
9. =55K+25K
9. =80 °C

Limit overtemperature of the motor
winding

Fig. 10-53:
Final overtemperature of the motor
winding

Fig. 10-54:
Absolute final temperature of the
motor winding

Fig. 10-55:

Reaching the final temperature

Absolute final temperature of the motor winding

The thermal time constant of the selected motor is Ty, = 6 min. 98% of the
final temperature is reached after approximately 4 thermal time constants (i.e.

after 24 minutes).

Iy

Additional explanations of the thermal behavior of linear motors
can be found in chapter 9.15.2 "Thermal behavior of linear mo-
tors" on page 151.
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10.7.2  Machine tool feed axis; dimensioning via duty cycle
General

Detailed information of the motion cycle are sometimes not available or are
not exact. In the case of, e.g. small batch production and frequently changing
port programs. Sizing of the drives is performed on the basis of the relative
duty cycle of different operating phases, and based on empirical values from
machine manufacturers and/or machine users.

The following example explains this procedure.
Specifications

The following data is specified:

Slide mass including motor: mg = 580 kg

Velocity rapid travers: 120 m/min

Velocity handling 15 m/min

Maximum acceleration possible: 15 m/s?

Axis arrangement: horizontally, primary part moved

Motion path 800 mm

Base force: F, = 600 N (constant)

Maximum machining force: Fp = 1200 N

Friction coefficient of linear guides: p = 0.005

Rated connecting voltage: 3 x AC 400V

Type of machining/movement Rate
Acceleration and declaration 10 %

Rapid traverse 20 %

Machining process 30 %

Standstill with machining 20 %

Standstill without machining 20 %

Total: 100 %

Tab. 10-6: Percentage of individual machining processes and movements
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Rapid traverse
20%

Standstill with
machining
20%

Fig. 10-56: Graphical presentation of the individual operating phases
Calculation
Fau:u: = mges -a
— 2
F .. =580kg-15m/s
F_.. =8700N
Fig. 10-57: Acceleration force
Frrra}{ = Facc + FEI
F_. =8700 N+600 N
F_. =9300N
Fig. 10-58: Maximum force
The effective force and the average velocity are determined on the basis of
the specifications for the individual operating phases.
Type of machining/movement ED; Force F; Average velocity Vayg
Acceleration and declaration 10 % 8700 N |F;=F,xFq 60 m/min
Rapid traverse 20 % 600N |Fi=F, 120 m/min
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Type of machining/movement ED; Force F; Average velocity Vgyg;
Machining process 30 % 1800 N | F;=Fp.Fy 15 m/min
Standstill with machining 20 % 1200N |F;=Fp 0 m/min
Standstill without machining 20 % ON 0 m/min
Tab. 10-7: Percentage of individual machining processes and movements
., ED,, ED,
Fer = Z (F, Vg :Z':‘“"Ewgi' )
100 DD 100
F,. =2983 N Vg =34.5 mimin
Fig. 10-59: Effective force and average velocity

Drive selection

The determined data can be used for selecting a motor-controller combina-
tion. The primary part with thermal encapsulation is selected for machine tool

applications.

Primary part

MLP140C-0170-FS-NOCN-NNNN
Fmax_motor: 10000 N

Fo motor: 3150 N

VEmax 750v: 170 m/min

VNENN 7s0v: 250 m/min

Secondary part segments

MLS140A-3A-xxxx-NNNN
Total traverse path + primary part length = 1,500 mm

Drive device:

HMS01.1N-W0150

Power supply module:

HMV (Upc=750V, regenerative)

Length measuring system

Heidenhain LC481 encapsulated, absolute, ENDAT

interface
Determining the cooling capacity
F 2
Pl:l:u = Pce = % 'PtrN_rmtDr
r_ ratar
2
P, = 2983N Y 3400 W
3150 N
P =3050 W

Fig. 10-60:

Electric continuous power loss
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The maximum temperature rise at the contact surface of the primary part
should not exceed 3 K. The necessary coolant flow in L/min is determined ac-

cording to:
q - Peo 25200
c-p-AT
3050 W- 25200
Q= J kg
4183 ——-988,3—=-3K
kg-K m
I
min
Fig. 10-61: Required coolant flow
= The way of determining the drive power and other more detailed

data are not discussed within the scope of this example.
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11 Handling, transport and storage

11.1
11.1.1

Delivery status and packaging
Packing

IS

Preferably use the original package for storage, transport and
when using the motor components. Store the original package of
the secondary part for later use.

The original package of the secondary parts offers a reliably protects from
heavy magnetic forces of the affixed permanent magnets. In the case of re-
use, ensure a good readability of the safety notes on the package. They must
not be paste over! Additionally observe the supplementary notes about pack-
aging and handling of secondary parts under chapter 3.3.6 "Protection dur-
ing handling and assembly" on page 24.

11.1.2  Primary parts

Depending from their frame size, primary parts are separately packed in a
cardboard box or a wooden crate. To identify the primary part, a type desig-
nation exist on the packaging.

Secondary parts

Depending from their frame size, secondary parts are separately or more
packed in a cardboard box or a wooden crate. To identify the secondary part,
a type designation exist on the packaging.

On the packaging of the secondary parts, a self-adhesive warning label with
the following warnings:

Health hazard to people with heart pacemakers, Gesundheitsgefahr fir Personen mit Herzschrittma-
metal implants and hearing aids when in proximity chern, metallischen Implantaten oder Splittern und
to these parts! Horgeraten in unmittelbarer Umgebung dieser Teile!

Strong magnetic fields due to permanent motor Starkes Magnetfeld durch Permanentmagnete
magnets! der Motorteile!
= Anyone with pacemakers, metal implants or =>  Personen mit Herzschrittmachern, metallischen

hearing aids are not permitted to approach or Implantaten oder Hérgeraten durfen sich nicht
to handle these motor parts. diesen Motorteilen nahern oder damit umgehen.

11.1.3

Warning notes on the package of
the secondary parts

=> Ifyou have such conditions, consult with a =>  Besteht die Notwendigkeit fir solche Personen,
physician prior to handling these parts. sich diesen Teilen zu nahern, so ist das zuvor
von einem Arzt zu entscheiden.

A CAUTION

A VORSICHT

Hazardous to fingers and hands due to high
attractive forces of permanent motor magnets!

Strong magnetic fields due to permanent motor
magnets!

=> Handle only with protective gloves!
Handle with extreme care.

Quetschgefahr von Finger und Hand durch starke
Anziehungskrafte der Magnete!

Starkes Magnetfeld durch Permanentmagnete
der Motorteile!

= Nur mit Schutzhandschuhen anfassen.
Vorsichtig handhaben.

A CAUTION

A VORSICHT

Hazardous to sensitive parts!

= Keep watches, credit cards, identification cards
with magnetic strips, magnetic tape and
ferromagnetic material (such as iron, nickel,
and cobalt) away from magnetic parts.

Zerstdrungsgefahr empfindlicher Teile!

= Uhren, Kreditkarten, Scheckkarten und Ausweise
mit Magnetstreifen sowie alle ferromagnetische
Metallteile wie Eisen, Nickel und Cobalt von den
Permanentmagneten der Motorteile fernhalten.

Warning label on the package of MLS secondary parts

The self-sticking warning label (sizes approx. 110 mm x 150 mm)
can be ordered from Rexroth (MNR R911278745).




224/277 Bosch Rexroth AG DOK-MOTOR*-MLF********.PR05-EN-P
Rexroth IndraDyn L MLF Synchronous Linear Motors

Handling, transport and storage

Additionally observe the supplementary notes about packaging and handling
of secondary parts under chapter 3.3.6 "Protection during handling and as-
sembly" on page 24.

11.1.4  Factory checks of the motor components

Electrical inspections  The Bosch Rexroth linear motors undergo the following electrical checks at
the factory:

e  High voltage test according to DIN EN 60034-1
®  |nsulation resistance test acc. to DIN EN 60204-1
e  Verification of the specified electrical characteristics
Mechanical inspections  The Bosch Rexroth linear motors undergo the following mechanical tests:
®  Form and location tolerances acc. to ISO 1101
e  Construction and fits acc. to DIN 7157
e  Surface structure acc. to DIN ISO1302
Thread test acc. to DIN 13, Part 20
Leak test of the cooling circuit

= Each motor is accompanied by a corresponding test certificate.

EMV radia interference suppres-  The linear motor components of Bosch Rexroth have been subjected to an
slon  EMV type test and have been certified as complying

EN 55011 Limit Class B, VDE 0875 Part 11
11.1.5 Customer test

Since all motors undergo a standardized test procedure, high-voltage tests
on the customer side are not required. Motors and components could be
damaged if they are subjected to repeated high-voltage tests.

A CAUTION High-voltage tests that are carried out im-

properly result in destruction of the motor
components! Invalidation of warranty!

®  Avoid repeated inspections.
®  Observe the guidelines of DIN EN 60034-1.

11.1.6  Scope of delivery

The total scope of delivery can be seen from the delivery note or the waybill.
The content, however, can consist of several packages. Each package can
be identified by a forwarding label.

= After having received the goods, compare the ordered and the
supplied type. Immediately complain about any deviations.
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11.2 Identification of the motor components
11.2.1 Primary part

On the front of the primary part, on which the connection for the power cable
and coolant is arranged, a type plate is fixed. The type plate makes a definite
identification of the primary part possible. A second type plate is enclosed.
This can be adjusted on the machine or used ulterior by the user. The type
plate of the primary part contains the following data

1 2 34 5

/
PRIMARY PlRT OF MO‘I’}R n/

Rexroth ‘ TYP: MLP140B-0090-F

®NOCN-NNN
20— eMNR: R911313994 FD: 1QV16 Made in Slovefia |m 24.5 kge——6
19 2 ;’:\‘617?001091 5354 iwen IP,00 |I..§\|(. :zfm ““Ilils C €E7
F(N) 2415 N 8
I(N),14.0 A U(max.) AC 600 Ve————9
18 Bosch Re)%olh Elﬁflric Drives and Contfols GmbH, Bgm.-Dr. Nebel-Str. 2, 97816 Lohr am MainT @
I
17 16 15 1413 12 11 10
1 Motor type
2 Type designation
3 Designation of origin
4 UL-label
5 Factory number
6 Mass of primary part
7 EC declaration of conformity
8 Rated power
9 Maximum input voltage
10 Company address
11 Insulation system
12 Thermal temperature class
13 Protection by housing
14 Manufacturing date
15 Rated current
16 Pole pitch
17 Serial number
18 Revision state
19 Rexroth barcode
20 Material number
Fig. 11-2: Type plate primary part

11.2.2  Secondary part

Due to lack of space, a type plate cannot be fixed on the secondary part. Two
identical type plates are enclosed to the secondary part. To ensure a safe
and continuous identification of the type, the type designation and the serial
number are additionally on the secondary part.
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3

O O MLS100S O S
MLS
O XXXXXX X O SN: xxxxxxxxxxxx O
|
@ Type designation
® Pole designation “S” (for South Pole)
@ Internal labeling
@ Serial number
Fig. 11-3: Position of the type designation and serial number of the secondary
part

= Each secondary part has a magnetic north pole, unless the length

of a front and on the opposite side, a magnetic south pole on the
front. The secondary parts are signed with ”S” (south pole) on one

front

The type plate of the secondary part contains the following data:

SECONDAFi( PART OF

0
Rexroth ‘ TYP: MLS140S-0450- Nh&T §

34 5

17 ——e\MINR: R911313994 FD: 1

Made in Sloveffia  [m 24.5kge— 6

_&é* % SN: 7800101123456 »1.CI.
:--5 IPS5  |1.SY,

i,
3
frx

o, cMACE 7

U(max.) AC 600Ve—— 8

Bosch Re/olh Electric Drives and Controls GmbH, Bgm.-Dr. Nebel-Str. 2, 97816 Lohr am MainT @
14 1312 11 10 9
1 Motor type
2 Type designation
3 Designation of origin
4 UL sign
5 Factory number
6 Secondary part mass
7 EC declaration of conformity
8 Maximum input voltage
9 Company address
10 Insulation system
11 Thermal temperature class
12 Degree of protection by housing
13 Manufacturing date
14 Serial number
15 Revision state
16 Rexroth barcode
17 Material number
Fig. 11-4: Type plate secondary part
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11.3 Transport und bearing
11.3.1 General

Also observe the notes regarding storage and transport on the package and
accompanying papers.

A WARNING Strong attractive forces due to permanent

magnets on the secondary part! Risk of injury
and danger of crushing body parts by mag-
netic forces!

When using secondary parts, please observe the safety notes under chapter
3.3.4 "Protection against magnetic and electromagnetic fields" on page 22
and chapter 3.3.6 "Protection during handling and assembly" on page 24.

A CAUTION Damage or injuries and loss of the warranty

due to improper handling! Heavy weight!

Protect the products against moisture and corrosion .

Avoid mechanical stressing, strokes, throwing, tipping or dropping of the
products.

Use only suitable lifting gear.

Do never pick up a motor on the connectors, cables or connection
thread.

Use suitable protective devices and wear protective clothing when trans-
porting the device.

11.3.2  Transport instructions

Transport our products only in their original package. Also observe specific
ambient factors to protect the products from transport damage.

Based on DIN EN 60721-3-2, the tables below specify classifications and lim-
it values which are allowed for our products while they are transported by
land, sea or air. Observe the detailed description of the classifications to take
all of the factors which are specified in the particular class into account.

Allowed classes of ambient conditions during transport acc. to DIN EN

60721-3-2
Classification type Allowed class
Classification of climatic ambient conditions 2K3
Classification of biological ambient conditions 2B1
Classification of chemically active materials 2C2
Classification of mechanically active materials 282
Classification of mechanical ambient conditions 2mM1
Tab. 11-1: Allowed classes of ambient conditions during transport

For the sake of clarity, a few essential environmental factors of the aforemen-
tioned classifications are presented below. Unless otherwise specified, the
values given are the values of the particular class. However, Bosch Rexroth
reserves the right to adjust these values at any time based on future experi-
ences or changed ambient factors.
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Allowed transport conditions

Environmental factor Symbol | Unit |Value
Temperature Ty °C |-25...+70

Air humidity

(relative air humidity, not combinable P % |5..95

with quick temperature change)

Occurrence of salt mist Not permitted "
1) Differs from DIN EN 60721-3-2

Tab. 11-2: Allowed transport conditions

To lift the motor out of the transport crate or to install it into the machine, use
the lifting eye bolts at the motor.

The ring screws must meet the requirements of DIN 580. Before each trans-
port, ensure that the lifting eye bolts are screwed down fully to the stop face
and that your selected lifting equipment and lifting method will not overload
the lifting eye bolts.

= Please note DIN 580 standard on the transport of motors. Non-
observance of the information in this standard may cause over-
load of the lifting eye bolts and result in injury to persons or dam-
age to products.

= Before transport, empty the liquid coolant from the liquid-cooled
motors to avoid frost damage.

Depending from size and weight of the primary part, it is not possible to trans-
port it by hand. In this case, use suitable lifting tools.

To move the primary part in horizontal position, transport it by ring screws, for
example. Therefore, please observe the thread dimensions in the dimension
sheet of the primary part.

A CAUTION Risk of injuries and / or damage when using

primary parts!

® To screw in the ring screws, use both threaded holes on every front side
of the primary part.

e  Manually screw the ring screws into the fastening thread as far as possi-
ble or the base of head of the ring screw lies on the primary part.

e  Use 4 lifting belts of equal lengths to reach a uniform load of the threa-
ded holes and to prevent tilting of the primary parts during transport.
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Fig. 11-5: Transport primary part (example)

Transport secondary part A WARNING Strong attractive forces on the permanent

Safety during transport on lifting
belt.

magnets on the secondary part! Risk of injury
and danger of crushing body parts by mag-
netic forces!

e  When using secondary parts, please observe the safety notes under
chapter 3.3.4 "Protection against magnetic and electromagnetic fields"
on page 22 and chapter 3.3.6 "Protection during handling and assem-
bly" on page 24.

®  Remove styrofoam which is stuck on the cover plate only when or after
mounting into the machine (see Fig. 11-6).

Depending from size and weight of the secondary part it is no longer possible
to transport it by hand. Due to heavy magnetic fields around the secondary
part, use antimagnetic lifting devices.

To prevent slipping lifting belts during transport, secure it. Therefore, two fas-
tening screws for the secondary part can be connected into the appropriate
holes on the secondary part (see Fig. 11-6). Ensure sufficient protrusion of
the securing underneath the secondary part.

A CAUTION Risk of injuries and / or damage when han-

dling secondary parts!

Use an antimagnetic lock during transport of the secondary parts with lifting
belts. The securing prevents from sliding of lifting belts during transport.
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Instructions on transport by air
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@ Lifting belts

® Safety against sliding lifting belts. To transport MLS300 use the
two ring screws.

) Affixed styrofoam plate

Fig. 11-6: Transport secondary part (example)

= Due to their size and weight, secondary parts of size 300 have

two additional threaded holes (M10) to fix the ring screws for
transport. For exact position of the threaded holes, refer to the di-
mension sheet of MLS300 Fig.5-18.

The permanent magnets of the secondary parts of synchronous linear motors
are magnetically not shielded. Please observe the safety notes (fig. 11-1
"Warning label on the package of MLS secondary parts" on page 223) and
the specified safety notes when handling the secondary part.

If motor components with permanent magnets are dispatched by air, IATA's
(International Air Transport Association) DGR - Dangerous Goods Regula-
tions must be observed for hazardous materials of class 9 which also include
magnetized materials and objects. This involves, for example:

®  Secondary parts of synchronous linear motors
®  Rotors of synchronous kit motors

®  Rotors of synchronous housing motors (if these are dispatched as motor
component, i.e. separate from the stator or motor housing, in service ca-
ses)

Please also observe the information provided in "Air freight (IATA953)" on
page 130. For details on the maximum allowed magnetic field strengths as
well as information on measurement methods for these magnetic field
strengths, please refer to the current IATA DGR.

11.3.3  Storage instructions

Storage of primary and secondary
parts

Preferably use the original package to store the parts. If this is not possible
under certain circumstances, store the primary and secondary parts of syn-
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chronous linear motors on a plain base. This must be ensured even at short
time storage.

Fig. 11-7: Storage of linear motor components

A CAUTION Inappropriate handling during storage or

transport can damage or destroy the motor
components!

e  Use the original packaging for permanent storage.

®  Observe the ambient conditions for bearing and transport.
e  Short-term storage during installation acc. to Fig. 11-7

° Do not throw parts

® Remove the transport or assembly protection only when or after mount-
ing into the machine

On delivery, protective sleeves and covers may be attached to our motors.
They must remain on the motor for transport and storage. Do not remove
these parts until shortly before assembly.

Based on DIN EN 60721-3-1, the tables below specify classifications and lim-
it values which are allowed for our products while they are stored. Observe
the detailed description of the classifications to take all of the factors which
are specified in the particular classification into account.

Allowed classes of ambient conditions during storage acc. to DIN EN

60721-3-1

Classification type Class
Classification of climatic ambient conditions 1K3
Classification of biological ambient conditions 1B1
Classification of chemically active materials 1C2
Classification of mechanically active materials 181
Classification of mechanical ambient conditions 1M2
Tab. 11-3: Allowed classes of ambient conditions during storage

For the sake of clarity, a few essential environmental factors of the aforemen-
tioned classifications are presented below. Unless otherwise specified, the
values given are the values of the particular class. However, Bosch Rexroth
reserves the right to adjust these values at any time based on future experi-
ences or changed ambient factors.
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Allowed classes of ambient conditions during storage acc. to DIN EN

60721-3-1

Environmental factor

Symbol | Unit | Value

Air temperature

T °C |-25...+55

Relative air humidity

) % 5..75Y

Absolute air humidity

pw g/m* [1..29

Condensation - - Not allowed
Ice formation/freezing - - Not allowed
Direct solar radiation - - Not allowed "
Occurrence of salt mist - - Not allowed "

1)
Tab. 11-4:

Differs from DIN EN 60721-3-1
Allowed storage conditions

ISy

Before re-storage, empty the liquid coolant from the liquid-cooled
motors to avoid frost damage.

Irrespective of the storage duration - which can exceed the warranty period of
our products - the function remains maintained provided additional measures
are taken into account and carried out during commissioning. However, this
does not entail any additional warranty claims.

Motors
Storage time/months
Measures for commissioning
>1 >12 | >60
u u u Visual inspection of all parts to be damage-free
. . Check the electric contacts to verify that they are free from
corrosion
. . Measure insulation resistance. Dry the winding at a value
of < 1kOhm per volt rated voltage.
Tab. 11-5: Measures before commissioning motors that have been stored over

a prolonged period of time

Cable und plug connector

Storage time/months

>1

>12

> 60

Measures for commissioning

Visual inspection of all parts to be damage-free

Check the electric contacts to verify that they are free from
corrosion

Visually inspect the cable jacket. Do not use the cable if
you detect any abnormalities (squeezed or kinked spots,
color deviations, ...).

Tab. 11-6:

Measures before commissioning cables and connectors that have
been stored over a prolonged period of time
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12 Installation

12.1 General notes
Basic precondition for mounting the IndraDyn L components is the keeping of
the following points:

®  Observation of the necessary installation sizes (see Fig. 5-1 on page
73)

Machine construction fulfills the requests for mounting (stiffness, attrac-
tive force, feed force and acceleration force, etc.)

Machine construction is prepared for mounting of all components

Clean screw-on surfaces between machine and motor components

Mounting is done by trained personal
e  Compliance of danger and safety notes is guaranteed.

12.2 General safety instructions

A WARNING Strong attractive forces on the permanent

magnets on the secondary part! Risk of injury
and danger of crushing body parts by mag-
netic forces!

When using secondary parts, please observe the safety notes under chapter
3.3.4 "Protection against magnetic and electromagnetic fields" on page 22
and chapter 3.3.6 "Protection during handling and assembly" on page 24.

A WARNING Injuries caused by live parts! Lifting of heavy

loads! Risk of damage!

Carry out all working steps with particular care This minimizes the risk of
accidents and damage.

Use suitable lifting equipment and protective equipment and wear pro-
tective clothing during transport.

Do not lift or move the motor by the loom of cables.

Install the motors only when they are de-energized and not connected
electrically.

The volume and order of the steps described can be affected by special fea-
tures of the machine construction and deviate from the schematic procedure.
The following description only serves for orientation. The machine manufac-
turer's mounting instructions are the only binding guidelines.

Work space, handling and trans-  Sufficiently mark your work space with notes according to Fig.11-1 and ob-
port  serve the handling and transport instructions under chapter 11.3 "Transport
und bearing" on page 227.

Accident prevention  The accident prevention “Electrical plant and apparatus” (VBG 4) must be ob-
served:

Before working, ensure de-energized state of live parts of electrical plant and
apparatus during the whole length of working time. The electrical plant and
apparatus must be checked before initial startup by an electrician for proper
state.
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The user is responsible for proper grounding of the complete plant. To pre-
vent accidents due to touch of live parts, protective measures against direct
and indirect touch are necessary. For notes, refer to DIN VDE 0100, Part
410.

Screw lock

All screwed connections must be secured against potential impacts and vi-
brations during operation of the machine. A suitable and field-tested screw
lock for all metal thread connections is, e.g., Loctite 243.

Loctite 243 is a liquid screw lock (medium-hard) and is applied to the parts to
be mounted immediately prior to assembly. For detailed information on the
proper handling and processing, please refer to the manufacturer's data
sheets under http://www.loctite.de. The manufacturer's homepage also pro-
vides information on hardening accelerators or other screw locks.

General procedureat mounting of the motor components
General

The installation of the motor into the machine construction depends on the ar-
rangement of the secondary part and can be done in different ways.

° Installation at spanned secondary parts over the entire traverse path
o Installation at whole secondary part over the entire traverse path

= The described procedures are only suggestions and can be done
user-specific in other forms.

Installation at a path with several secondary parts

At an existing path, installation with several secondary parts can be done as
described in Fig. 5-1 on page 73. Thereby, only a part of the secondary part
is installed, so that the primary part can be laid on the machine bed.

A WARNING Do not lay the primary part directly on the

secondary part!

Lift-off of the primary part from the secondary part is difficult because of high
attractive forces (apparatus necessary).

The assembly of the primary part into the installed slide can be done now. Af-
terwards, the slide with installed primary part can be pushed over the instal-
led secondary parts. Then, all the remaining secondary parts can be instal-
led.
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STEP 1 slide
secondary segment 1 #
’ I primary
> N :
machine bed
- total motion path
STEP 2 :
slide
secondary segment 1 primary secondary segment 2
/ 3 | < ]
—— !
i m / |
machine bed
< -
total motion path

Fig. 12-1:

Installation of linear motor components at a path with several secon-
dary parts

A CAUTION Uncontrolled movement of the slide! Danger

of crushing or injury!

Safety against uncontrolled movements by partial covering of primary and
secondary parts (force in traverse direction).

12.4.3 Installation at a path with one secondary part

At a path with one secondary part, the primary part can be installed into the
prepared slide. After mounting the secondary part, the slide with prepared pri-
mary part can be lowered on the machine bed via a suited apparatus

slide

primary

secondary guide carriage lowering using
™~ — N device

e

machine bed

A

total motion path

Fig. 12-2:

Installation of linear motor components at a path with several secon-
dary parts
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= The apparatus for lowering the primary part and the slide is not in
the scope of delivery of Bosch Rexroth.

A CAUTION When lowering the primary part on the secon-

dary part, result by reducing the air gap in-
creasing attractive forces!

®  Heed the specifications in Chapter 9.14 on page 146.

o Do not lower the primary part on the secondary part with a crane (elas-
ticity / attractive force).

Another possibility is, to lay the primary part on the installed secondary part —
with a suited apparatus — and to screw it with fastening screws on the slide.
Thereby, a non-ferromagnetic distance plate (made of plastic or wood) has to
be laid among the primary and secondary part so that the primary part does
not bear on the secondary part directly. The thickness of the distance plate
should be measured according to < nominal air gap. After the fastening of the
primary part on the slide a moving of the slide should be possible.

The thickness of the distance plate must be measured in such a way that the
primary part with the fastening screws can preferably not or only exiguously
be lifted.

Measurable air gap: 1.0 mm
Thickness of the distance plate: 0.95 mm

The tightening of the fastening screws for the primary part has to be made as
described in chapterChapter 12.6 on page 241.
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STEP 1 primary
siide BT
secondary . .
' loweing using
\ device
machine bed
- total motion path
STEP 2 _
_ non-ferromagnetic
slide primary distance plate
secondary \
\ =
machine bed
D total motion path
STEP 3
non-ferromagnetic
secondary slide - primary distance plate
\
\- | ' | . .
.
machine bed
D total motion path
Fig. 12-3: Installation of the linear motor components at whole secondary part

over the entire traverse path

12.5 Installation of secondary part at a path with one separate
secondary part

A WARNING Personal injury and / or damage of motor

components!

Remove the transport and installation protection of the secondary part only
after mounting of the secondary parts.

= To fasten the secondary parts, it is only allowed to use new, un-
used screws.

Tighten all screws with the specified tightening torque (see Fig.
12-1 on page 238) and provide them with screw locking device.
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The screw-on surfaces and stop faces must be cleaned and be free of grease
before the secondary parts can be screwed on the machine construction. It
must be expected that certain influences continuously occur during motor op-
eration, contact of secondary part with coolant lubricants, grinding emulsion,
and others, for example. This can reduce the kinetic friction among the
screwed parts during the machine lifetime. In this case, we recommend to
use screws with a higher fastening class, like 10.9, to realize a higher tighten-
ing torque.

The tightening torques of the fastening screws is specified in the following ta-
ble:

Frame size . Fastening Tightening torque
Screw size |
secondary part class (+/-10%)
8.8 10 Nm
040 ... 200 M6 (DIN 7984, flat head)
10.9 15 Nm
300 M8 (DIN EN ISO 4762) 10.9 37 Nm
Tab. 12-1: Fastening screws with tightening forques for MLS secondary parts

The calculation of the screw connection to fasten the secondary parts is
based on the presumption that both, the screw-on surfaces of the secondary
part and on the machine are cleaned and the secondary part is directly
screwed with the machine (see Fig. 9-39 on page 154).

= o In certain cases it is not possible to screw the secondary
part with the machine directly, as additional materials like
distance plates, thermal grease and so on, are among sec-
ondary part and machine. Then a sufficient fastening of the
screw connection must be ensured by the machine manu-
facturer.

® The effect of liquid screw lock is damaged by loosening or
re-tightening of screws (e.g. due to torque tests) and must
be renewed.

A WARNING Malfunction and / or uncontrolled movement

of the motor and therewith danger of material
damage or risk of injuries!

Correct concatenation of secondary part segments

If several secondary part segments are used over the whole traverse path,
keep the poles and the flush direction at concatenation according to the fol-
lowing figure.
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Fig. 12-4: Concatenation of several secondary part segments

A WARNING Risk of injuries or material damage due to at-

tractive or repulsive force at concatenation of
secondary part segments!

®  Secure against uncontrolled movement

® Remove the transport or assembly protection only when or after mount-
ing into the machine

The attractive or repulsive force when arranging the secondary part seg-
ments can be up to 300 N depending from their frame size.
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MLS100A-150,
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Fig. 12-5: Altractive or repulsive force when arranging the secondary part seg-
ments
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fixing screws

/ slide
g/
. : @1 @4 @5...
primary
. ©6 @3 @2 @7...

Fig. 12-6:

Tightening order of fastening screws of primary part

The screw-on surfaces must be cleaned and be free of grease before the pri-
mary parts can be screwed on the machine construction. If it can be expec-
ted, that certain influences are continuously occurring during motor operation,
like contact of the primary part with coolant lubricant, grinding emulsion
a.s.o., the kinetic friction among the screwed parts can be reduced during the
machine lifetime. In this case, we recommend to use screws with a higher
fastening class, like 10.9, to realize a higher tightening torque.

Mounting instructions:

1. Clean or prepare threaded holes and screws for assembly.

2. Secure all screwed connections with screw connection, e.g. Loctite 243.

3. Fasten the primary part with screws 1, 2, 3...n until the primary part lies

on the slide.
4. Fasten screws - from inside to outside - 1, 2, 3 ... x with nominal tighten-
ing torque:
Frame size . Property class | Tightening torque
. Screw size
Primary part (+/-10%)
8.8 10 Nm
040 ... 300 M6 (DIN EN I1SO 4762)
10.9 15 Nm
Tab. 12-2: Tightening torque for the fastening screws of the primary parts
= The effect of liquid screw lock is damaged by loosening or re-

tightening of screws (e.g. due to torque tests) and must be re-
newed. Observe the instructions of the adhesive manufacturer.
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12.7 Air-gap, parallelism and symmetry among the motor compo-

nents

Parallelism and symmetry

Air gap

When mounting primary and secondary parts, their position is specified by
the holes or threads within the machine slide and within the machine bed
(seeFig. 5-1 on page 75).

As a small tolerance exists within the holes of the screw connections, the
parts must be averaged and arranged according to Fig. 12-4 before the

screws are finally tightened.
@

|
O i
T ! |
| .
[
@) Primary part
@ Secondary part
(L) Air gap
Fig. 12-7: Aligning the motor components

After assembly of the motor components, we recommend to check the mini-
mum air gap between primary and secondary part.

Therefore, insert a test strip made of antimagnetic material (aluminum, plas-
tics) with a thickness of

e 0.5...0.55mm (at a frame size 040 ... 200)
e 0,7..0.75 mm (at a frame size 300)

into the air gap between primary and secondary part. The test strip must be
free moving on each point within the whole traverse path of the air gap.

With this measure, you ensure the minimum necessary air gap between the
motor components.

Furthermore, with this test you will detect a faulty assembly (e.g. due to dirt
under the mounting surface, faulty installation dimension, insufficient machine
rigidity etc.) in time.

A CAUTION Motor damage due to insufficient air gap be-

tween primary and secondary part!

With aforementioned measures check the necessary minimum air gap be-
tween primary and secondary part immediately after assembly of both motor
components.
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12.8 Connection liquid cooling

Connection of the liquid cooling is made by standard threads directly on the
primary part.

= ®  Fittings and coolant pipes are not in the scope of delivery of
the linear motor.

e  Connect the motor according to the connection diagrams
and the instructions in chapter 8.4 "Motor cooling" on page
122.

12.9 Electrical connection

Connect the motor electrically according to the connection diagrams and the
instructions in chapter 8 "Connection technique" on page 111. Observe the
references to supplementary documentation.

15 ®  When using self-manufactured cables, ensure EMC-compli-
ant design and installation.

®  Where applicable, ensure that connectors and lines are fas-
tened for strain relief purposes.

® The connection diagrams of the product documentation
serve to create system circuit diagrams. The drive compo-
nents must be connected in the machine exclusively accord-
ing to the machine manufacturer's system circuit diagrams.
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13 Commissioning, operation and maintenance

13.1 General information for startup

The startup of linear motors is different to the rotary servo motors. The differ-
ences are described in this chapter.

= Refer to the functional description of the drive controller for more
detailed information.

The following points have to be especially noticed when startup synchronous-
linear motors.

Parameters  Synchronous-linear motors are kit motors whose single components are —
completed by an encoder system — directly installed into the machine by the
manufacturer. As a result, kit motors do not feature any data memory to pro-
vide motor parameters, standard controller settings, etc. All parameters must
be manually entered or loaded to the drive during commissioning. The start-
up-program DriveTop makes all motor parameters of Bosch Rexroth availa-
ble.

Controller optimization  The procedure used for optimizing the control loops (current, velocity and po-
sition controllers) of linear direct drives corresponds to the one used for rotary
servo drives. At linear drives are only the adjustment limits higher. At linear
direct drives compared with rotary servo drives can be, for example, a 10-fold
higher kv-factor adjusted. Precondition therefore is an appropriate machine
construction (see Chapter 9.12 on page 137).

Moving masses At controlled rotary servo drives are automatic-control engineering modifica-
tions at the rate of motor-moment of inertia to demand-moment of inertia.
Such a modification is not available for direct drives with linear motors. The
moved foreign mass is independent from the motor self-mass.

Encoder polarity  The polarity of the actual-speed (length measuring system) must agree with
the force polarity of the motor. This connection has to be established before
commutation-adjustment.

Commutation adjustment It is necessary at synchronous linear motors to receive the position of the pri-
mary part relating on the secondary part by return after start or after a mal-
function. This is referred to as pole position detection or commutation adjust-
ment. This means that the commutation adjustment is the establishment of a
position reference to the electrical or magnetic model of the motor. The com-
mutation adjustment can be done after installation of the motor components
and length measuring system. The way of doing the commutation adjustment
complies with the measuring principle of the length measuring system.
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13.2 General requirements
13.2.1 General

The following requirements must be met to ensure successful commission-
ing:

®  Compliance with safety-related guidelines and instructions

®  Check of electrical and mechanical components for reliable functioning

®  Availability and provision of required tools

®  Adherence to the commissioning procedure described below

13.2.2  Checking all electrical and mechanical components

Check all electrical and mechanical components prior to commissioning and
pay particular attention to the following issues:

= ®  Ensure safety for man and machine
®  Properly install the motor
®  Properly establish the power connection of the motor
e  Correct connection of the length measuring system

e  Ensure proper function of existing safety limit switches, door
switches, etc.

®  Ensure proper function of the emergency stop circuit and
emergency stop.

®  Ensure proper and complete machine construction (mechan-
ical installation)

e  Availability and function of suitable end-of-stroke damper.

° Ensure proper connection and function of the motor cooling
system

®  Ensure proper connection and function of drive controller
and control unit

A WARNING Danger to life, heavy injury or damage by fail-

ure or malfunction of mechanical or electrical
components!

Troubleshooting at mechanical or electrical components before continue with
the start-up.

13.2.3 Tools

DriveTop commissioning software  The motors can be commissioned either directly via an NC terminal or via
special commissioning software. The DriveTop commissioning software al-
lows menu-driven, custom-designed and motor-specific parameterization and
optimization.

PC At start-up with DriveTop requires a commercial Windows PC.

Commissioning via NC ~ Commissioning via the NC control unit requires access to all drive parame-
ters and functionalities.

Oscilloscope  An oscilloscope is required for drive optimization. This oscilloscope serves to
display the signals which can be output via the adjustable analog outputs of
the drive controller. Viewable signals are, e.g. nominal and actual values of
the speed, position or voltage, position lag, intermediate circuit a.s.o.
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Multimeter At troubleshooting and check of the components can be a multimeter with the
possibility to voltage metering and resistor measuring helpful.

13.3 General commissioning procedure

In the following flow-chart is the general start-up procedure at synchronous
linear motors MLF shown. The individual items are explained in more detail in
the chapters following thereafter.

Verification: . -
— Mecessary information
parameters and aids

- power connection - safety end swiich

- measuring system connsction - motor coaling

- mechanical system - controller fumction = IR F‘?EFE:EFE .

- end position dampers - drive control function e

setting k

e

‘ra5—b| eliminate error | \R——/_\

- E STOP function

parameter value assignments

load drive parameter
default values

initia

W
P £5 —
Commissioning

Mo
i.-.‘.
enter paramaters for
enteriload motor N len Lph measurin
parameters g 4
system

enteapplication-related
parameters

enter drive limitation

&

. ton sensor type
determine sensor PO ~ At
; Mo—m  parameter 5-0-0277 Bit2 =1
polarity 1001

commutation setting 4+ g5

¥

sat and optimize
control loop

o system is operational! )

N

Fig. 13-1: General start-up procedure at synchronous linear motors
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13.4 Parameterization
13.4.1 General

DriveTop allows entering or editing certain parameters and executing com-
mands during commissioning by means of menu-driven dialogs and list rep-
resentations or, optionally, via the control terminal.

13.4.2  Entering motor parameters

= Motor parameters are specified by Rexroth and may not be
changed by the user. Commissioning is not possible, if these pa-
rameters are not available. In this case, please contact your
Rexroth Sales and Service Facility.

A WARNING Activation of the motor immediately after mo-

tor parameter input may result in injury and
mechanical damage! The motor is not yet
ready for operation after the motor parame-
ters have been entered!

o Enter the parameters for the linear scale.
®  Check and adjust the measuring system polarity.
®  Perform commutation setting.

The motor parameters can be entered in the following way:

®  Use DriveTop to load all the motor parameters.

e  Enter the individual parameters manually via the controller.

®  With series machines, load a complete parameter record via the control-
ler or DriveTop.

13.4.3  Motor parameter at parallel arrangement

Are two linear motors operated in a control device, the following parameters
have to be adjusted when commissioning:

Parameter Designation Matching coefficient
P-0-4016 Direct-axis inductance of motor x0.5
P-0-4017 Quadrature-axis inductance of motor x 0.5
P-0-4048 Stator resistance x 0.5
S-0-0106 Current loop proportional gain 1 x 0.5
S-0-0109 Motor peak current X2
S-0-0111 Motor current at standstill X2

Tab. 13-1: Parameter adjustment at parallel arrangement

= If not the maximum possible continuous nominal force or the max-

imum possible peak load of the motor is necessary, a smaller
drive device can be used. In this case, the setting of the men-
tioned currents must be adjusted to the selected drive device.




DOK-MOTOR*-MLF********.PR05-EN-P Bosch Rexroth AG 249/277
Rexroth IndraDyn L MLF Synchronous Linear Motors

Commissioning, operation and maintenance

13.44  Operation of IndraDyn L synchronous linear motors without liquid
cooling

A WARNING Motor damage! Overheated winding!

If the current on a water-cooled motor is not accordingly reduced, then the
motor heats-up so fast at 2.2x rated current that not in any case the thermal
contacts cannot switch-off the motor on time. An overheated winding is the
consequence. Due to the overheated winding, the winding insulation is weak
or in an extreme case destroyed.

Without liquid coolant only reduced power data are available. These are lis-
ted in this documentation.

The stated values in the data sheets regarding rated force and rated current
of the motors must be lowered depending on the coupling of the motors to
~40% of the stated value.

If this current reduction is not recorded in the parameter S-0-0111 (standstill
motor), the 2.2-times of the water-cooled rated current can be applied to the
motor, if necessary (for a stipulated period of time in the parameter
P-0-4035). This current is by the factor 2.5 too high for the non-water cooled
IndraDyn L motor.

Example:
Rated current for the water cooled motor = 10A
S-0-0111=10A

Possible current=2.2x 10 A=22 A

Rated current for the same motor design, but not water-cooled:
S-0-0111=10Ax04=4A

Possible current=2.2x4 A=88A

= Notice the details in Chapter 9.15.5 on page158 about operation
of an IndraDyn L motor without liquid cooling.

13.4.5 Entering length measuring system parameter

Encodertype  The type of the linear scale must be defined. Therefore serves the parameter
P-0-0074, Encoder type 1.

Encoder type P-0-0074
Incremental measuring system 2
Absolut encoder with ENDAT interface 8

14 or 15 (depending from hardware con-

Incremental encoder with Hall sensor . .
figuration)

Tab. 13-2: Defining the encoder type
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Signal period

= Detailed information can be found in the project planning manual
of the used drive controller and/or firmware

° Rexroth  IndraDrive  MPx-xx Parameter description,
MNR R911328651

e Rexroth IndraDrive MPx-xx Parameter description,
MNR R911297317

° Rexroth IndraDrive Firmware MPx-xx Funktionsbeschrei-
bung, MNR R911328670

e Rexroth IndraDrive MPx-xx Parameter description,
MNR R911326767

Linear scale for linear motors generate and interpret sinusoid signals. The
signal period must be entered in parameter S-0-0116, Resolution of feedback
1.

Please observe the details of the measuring system manufacturer regarding
resolution of encoder signals.

13.4.6  Entering drive limitations and application-related parameters

Drive limitations

Application-related parameters

The possible selectable drive limitations include:
®  Current limitation

o Force limitation

e  Velocity limitations

®  Travel range limitations

Application-related drive parameters include, for example, parameterization
of the drive fault reaction.

Iy Detailed information can be found in the project planning manual
of the used drive controller and/or firmware

13.5 Determining the polarity of the linear scale

Effective direction of motor force

In order to avoid direct feedback in the velocity control loop, the effective di-
rection of the motor force and the count direction of the linear scales must be
the same.

A WARNING Different effective directions of motor force

and count direction of linear scale cause un-
controlled movements of the motor upon
power-up!

®  Secure against uncontrolled movement

®  Adjust effective direction of motor force equal to linear scale count direc-
tion.

To set the correct sensor polarity:

The effective direction of the motor force is always positive in the direction of
the cable connection of the primary part.
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force direction

-<—> 4

@) o) o)
O O O ¢)
secondary primary
o) o) o) o
o O F O

power connection

Fig. 13-2: Effective direction of mofor force

When the primary part is moved in the direction of the cable connection, the
count direction of the linear scale must consequently be positive:

force direction

-<—> 4

o o o
o o) o) o)
secondary primary
o) o O O @] O o

power connection

length measuring system

count direction

Fig. 13-3: Effective direction motor force = linear scale count direction

= The encoder polarity is selected via the primary part (cable con-
nection). The installation direction or the pole sequence of the
secondary part does not have any influence on the selection of
the sensor polarity.

The encoder polarity is selected via the parameter
S-0-0277, Position encoder type 1 (Bit 3)

Position, velocity and force data must not be inverted when the linear scale
count direction is set:

S-0-0085, Torque/force polarity parameter 0000000000000000
S-0-0043, Velocity polarity parameter 0000000000000000
S-0-0055, Position polarities 0000000000000000
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The process-related axis count direction is set as required after sensor polari-
ty and commutation have been set.

Commutation adjustment

General

Adjustment procedure

Setting the correct commutation angle is a prerequisite for maximum and
constant force development of the synchronous linear motor.

This procedure ensures that the angle between the current vector of the pri-
mary part and the flux vector of the secondary part is always 90°. The motor
supplies the maximum force in this state.

Different commutation adjustment procedures have been implemented in the
firmware. The figure below shows the correlation between the employed line-
ar scale and the method that is to be use.

A\

Selection for
commutation methods

Which measuring absolute
syste

incremental

no Hall sensorbox

available?

yes

ax drive controller = | motor

max

A\ A\

set saturation method
in P-0-0522

Use calculation
method!

set sine-wave-method
in P-0-0522

Use measuring
method!

After every turn-on follows
a self-acting procedure at
"AF" automatically

- without axle movement

After every turn-on follows
a self-acting procedure at
"AF" automatically

- with axle movement

Only for initial
commissioning

Only for initial
commissioning

force force

Fig. 13-4: Commutation adjustment method for synchronous linear motors

= Commutation adjustment must always be performed in the follow-
ing cases:
e  |nitial commissioning
®  Modification of the mechanical attachment of the linear scale
e  Replacement of the linear scale
®  Modification of the mechanical attachment of the primary

and/or secondary part
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= Observe the following requirements for commutation adjustment:
e  Effective direction motor force = linear scale count direction
®  Correct motor and encoder parameterization
e  Adhering to the described setting procedures

®  Expedient parameter values must be assigned for current
and velocity control loop.

®  Correct connection of motor power cable
®  Protection against uncontrolled movements

A DANGER Errors in commutation adjustment may result

in malfunctions and/or uncontrolled move-
ments of the motor!

Do the commutation adjustment very carefully and observe the detailed notes
in chapter Commutation Adjustment of the functional description Firmware for
Drive Controllers (DOK-INDRV*-MP*-08VRS**-..., MNR R911332643) and
both pre-mentioned notes.

The individual phases of the motor power connection must be assigned cor-
rectly. Also refer toChapter 8 on page 111.

To ensure a correct commutation adjustment, the following parameters
should be checked again:

Identity number | Description Description / function
S-0-0085 Torque/force polarity parameter

S-0-0043 Velocity polarity parameter

S-0-0055 Position polarities

See parameter description to
P-0-4014 Type of construction of motor Rexroth IndraDrive Drive
Controllers (DOK-INDRV*-

P-0-0018 l(;l.utmber of pole pairs/pole pair GEN-**VRS*-PA) with MNR
istance R911297317.
S-0-0116 S-0-0016, Feedback 1 Resolution
P-0-0522 Control word for commutation
setting
Tab. 13-3: Parameters that must be checked prior fo commutation adjustment

13.6.2  Saturation procedure (preferred procedure for commutation of syn-
chronous linear motors)

Saturation procedure is the preferred procedure to commutate the synchro-
nous linear motors.

You will find detailed notes about saturation procedure in chapter "Commuta-
tion Adjustment" of firmware description DOK-INDRV*-MP*-08VRS**-...,
MNR R911332643.

13.6.3  Sinusoidal procedure

This procedure is applied if the saturation procedure cannot be used.

You will find detailed notes about sinusoidal procedure in chapter "Commuta-
tion Adjustment" of firmware description DOK-INDRV*-MP*-08VRS**-...,
MNR R911332643.
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13.6.4  Notes on possibility of subsequent optimization of commutation offset

The procedure of subsequent optimization can be applied at sinusoidal pro-
cedure and saturation procedure. Prerequisites is that the axis must be free
movable and not be locked.

We recommend, the determined value for commutation offset to be re-opti-
mized. This can automatically be done by activation of "C5600 Command
Subsequent optimization of commutation offset".

You will find detailed notes about subsequent optimization procedure in
chapter "Commutation Adjustment" of firmware description DOK-INDRV*-
MP*-08VRS**-..., MNR R911332643.

13.6.5  Calculation procedure in connection with Hall sensor box SHL

Calculation procedure is used for incremental measuring systems and use of
Hall sensor box (distance measure, currentless — only possible for Rexroth
linear kit motors). Please note the functional description about Hall sensor
boxes SHL02.1 (DOK-SUPPL*-SHL********-FK) with material number
R911306588.

You will find detailed notes about calculation procedure in chapter "Commu-
tation Adjustment" of firmware description DOK-INDRV*-MP*-08VRS**-...,
MNR R911332642.

13.6.6  Measuring procedure: Measuring the reference between primary and
secondary part

Measuring the relative position be-
tween primary and secondary part

If this procedure is used for commutation adjustment, the relative position of
the primary part with respect to the secondary part must be determined. The
benefit of this procedure is that the commuation adjustment requires neither
the power to be switched on nor the axes to be moved. Commutation adjust-
ment need only be performed during the first-time commissioning.

Iy This procedure requires an absolute linear scale with ENDAT
interface.

Depending on the accessibility of primary and secondary part in the machine
or system, the relative position between primary and secondary part can be
measured in different ways.

@ e g @
O F®
o) o o o o 0
o o o o)
secondary primary
o o o © o © o o o o
|p power connection

Fig. 13-5: Measuring the relative position between primary and secondary part
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= From now on, the position of the primary part must not be
changed until the commutation adjustment procedure is termina-
ted!

Calculation of P-0-0523, commu-  The input value for P-0-0523 that is required for calculating the commutation

tation adjustment measured value  offset, is determined from the measured relative position of the primary part
with respect to the secondary part (Fig. 13-5, distance d, e, f or g, depending
on accessibility), and a motor-related constant k., (Fig. 13-6 and Fig. 13-4).

Reference point 1: P-0-0523=d-k_,

Reference point 2: P-0-0523=e-k,  ~-37.5 mm

Feference point 3: F-0-0323=-F-/ ~k,

Reference point 4. F-0-0323=375mm-g-1,-k,,
P-0-0523 Commutation adjustment measured value in mm

d Relative position 1 in mm (Fig. 13-5)

n Relative position 2 in mm (Fig. 13-5)

f Relative position 3 in mm (Fig. 13-5)

g Relative position 4 in mm (Fig. 13-5)

Kinx Motor constant for commutation adjustment in mm

Ip Length of primary part in mm

Fig. 13-6: Calculation of P-0-0523, Commutation adjustment measured value
= Ensure that the sign is correct when you determine P-0-0523,

Commutation adjustment measured value. If P-0-0523 is deter-
mined with a negative sign, this must be entered when the setup
procedure is started.

Motor constant for commutation  The motor constants for adjusting the commutation offset k. depend on the
adjustmentkmx  qrientation of primary and secondary part:
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arrangement A
N o o) oS
o o o 0
secondary primary
N O o) @] O O O Oi

power connection

arrangement B

power connection

|
N o o) i o S
@] (@] O O
secondary primary
N O o °© 9 @ © oS

Fig. 13-7: Possible arrangements between primary and secondary part
Arrangement A Arrangement B
Kmx in mm Kx in mm

Standard encapsulationframe sizes
040 ... 300 68 1055
Thermal encapsulation
Size 040 ... 300 65 102.5

Tab. 13-4: Moftor constants for commutation adjustment kmx

Activation of commutation adjust-
ment command

Example 1, reference point @ (see Fig. 13-5):

d =100 mm, k, = 68.0 mm

P-0-0523 = d - k;;x = 100 mm - 68.0 mm = 32 mm
Example 2, Reference point @ (see Fig. 13-5):

d =0 mm, k., =68.0 mm

P-0-0523 = d - Ky = 0 mm - 68.0 mm = 68.0 mm
Example 3, reference point @ (see Fig. 13-5):

g =180 mm, k= 68.0 mm, |, = 540 mm
P-0-0523 = 37.5 mm - g - |, - Ky = 37.5 mm -180 mm - 540 mm - 68 mm

P-0-0523 = -750.5 mm
Prerequisites:
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1. The drive must be in the A0-13 state during the subsequent adjustment
procedure (=ready for power connection).

2. The position of the primary part and/or the slide must not habe changed
since the relative position of the primary part with respect to the secon-
dary part has been measured.

Once the determined value P-0-0523, Commutation setting measured value,
has been entered, the command P-0-0524 (D300 commutation setting com-
mand) must be started. The commutation offset is calculated in this step.

= If the drive is in command start "AB" (drive ready for operation),
the commutation offset with the selected procedure (saturation or
sinusoidal procedure) is determined for automatic commutation.

The command must subsequently be cleared.

13.7 Setting and optimizing the control loop
13.71 General procedure

The control loop settings in a digital drive controller have an essential impor-
tance for the properties of the servo axis. The control loop structure consists
of a cascaded position, velocity and current controller. Which of the control-
lers is active is defined by the operation mode.

= Defining the control loop settings requires the corresponding ex-
pertise.

The procedure used for optimizing the control loops (current, velocity and po-
sition controllers) of linear direct drives corresponds to the one used for rotary
servo drives. At linear drives are only the adjustment limits higher.
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setting and optimizing control loop

set current controller
(part of motor parameter)

v

v

optimize velocity controller

filtering mechanical
resonance vibrations

optimize position
controller

—yes > set rejection frequency

v

re-optimize velocity
controller

no

v

A

v

set and optimize
acceleration precontrol

Automatic control loop setting

Filtering mechanical resonance vi-
brations

Fig. 13-8- Setting and optimizing the control loop of synchronous linear drives.

= Refer to the functional description of the drive controller for more
detailed information.

Drive controllers of the EcoDrive03 series are able to perform automatic con-
trol loop adjustment.

Digital drives from Rexroth are able to provide a narrow-band suppression of
vibrations that are produced due to the power train between motor and me-
chanical axis system. This results in increased drive dynamics with good sta-
bility.

The position or velocity feedback in the closed control loop excites the me-
chanical system of the slide that is moved by the linear drive to perform me-
chanical vibrations. This behavior, known as "Two-mass vibrational system",
is mainly in the frequency range from 400 to 800 Hz. It depends on the rigidi-
ty of the mechanical system and the spatial expansion of the system.

In most cases, this "Two-mass vibrational system” has a clear resonant fre-
quency that can be selectively suppressed by a rejection filter installed in the
drive.
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When the mechanical resonant frequency is suppressed, improving the dy-
namic properties of the velocity control loop and of the position control loop
with may be possible, compared with close-loop operation without the rejec-

tion filter.

This leads to an increased profile accuracy and shorter cycle times for posi-
tioning processes at a sufficient distance to the stability limit.

Rejection frequency and bandwidth of the filter can be selected. The highest
attenuation takes effect on the rejection frequency. The bandwith defines the
frequency range at which the attenuation is less than —3 dB. A higher band-
width leads to less attenuation of the rejection frequency!

damping in dB bandwidth frequency f

0

3 4 - |---+zZ_ ____ ___ __
1 !
1 !
v !
v

rejection frequency fgper
Fig. 13-9: Amplitude response of the rejection filter in relation to the bandwidth,

qualitative

13.7.2  Parameter value assignments and optimization of Gantry axes

General

Prerequisites:

The parameter settings of the axes are identical

Parallelism of the guides of the Gantry axes

Parallelism of the linear scale

In the controller, the axes are registered as individual axes

I

Drive-internal axis error compensation procedures can be used
for compensating the misalignments between two linear scales as
or the mechanical system. Please refer to the corresponding de-
scription of functions of the drive controller for a description of the
operational principle and the parameter settings.
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actual position value 1
T~

AX

length meas. system 1

length meas. system 2

/actual position value 2

Fig. 13-10:

Possible misalignment with the linear scale of a Gantry axes

When using Gantry axes, your must ensure that the parameter settings of the
following parameters are identical:

o Motor parameter

®  Polarity parameters for force, velocity and position

®  Control loop parameters

We have:

ky

kp

Fig. 13-11:

Position controller

kv-factor S-0-0104

Velocity controller proportional gain S-0-0100
Proportional gains in the position and velocity control loop of both ax-

es.

The following possibilities must be taken into account for the velocity control-

tegral part)  |er integral time (integral part):
Possibility 1 Possibility 2 Possibility 3 Possibility 4
sggzgita?‘fdlznu%zlsin- ideal not ideal not ideal not ideal
Integral part in both axes in both axes in one axis only in no axis
Behavior of the axes | Since both motors fol- | Both axes work | The axis without inte-|Both axes permit a

low the position com-
mand value ideally,
there will not be a dis-
tortion of the mechani-
cal system

against each other un-
til there is an equaliza-
tion via the mechanical
coupling or until the
maximum current of
one or both drive con-
troller(s) has been
reached and a control
effect is no longer pos-
sible.

gral-part permits a con-
tinuous position offset.
The size of the position
offset depends on the
rigidity of the mechani-
cal coupling of both ax-
es and of the propor-
tional gains in the posi-
tion and velocity con-
trol loop.

continuous position off-
set. The size of the po-
sition offset depends
on the proportional
gains in the position
and velocity control
loop.

Tab. 13-5:

Parameterization of the velocity conftroller integral time S-0-0101 for

Gantry-axes.




DOK-MOTOR*-MLF********.PR05-EN-P Bosch Rexroth AG 261/277
Rexroth IndraDyn L MLF Synchronous Linear Motors

Commissioning, operation and maintenance

Optimization  The previously described procedure must be followed for optimizing the posi-
tion and velocity loop.

= Any parameter modifications that are made during the optimiza-
tion of Gantry axes must always be made in both axes simultane-
ously. If this is not possible, the parameter changes should be
made during optimization in smaller subsequent steps in both ax-
es.

13.7.3  Estimating the moved mass using a velocity ramp

Often, the exact moving mass of the machine slide is not known. Determining
this mass can be made difficult by moving parts, additionally mounted parts,
etc.

The procedure explained below permits the moving axes mass to be estima-
ted on the basis of a recorded velocity ramp. This permits, for example, the
acceleration capability of the axis to be estimated.

Preparation  This procedure requires the oscillographic recording of the following parame-
ters:

e  5-0-0040, actual velocity value
e  S-0-0080, torque/force command value

You can either use an oscilloscope or the oscilloscope function of the drive in
conjunction with DriveTop or NC.

S-0-0040,
actual velocity value

dv
dt

Facc

acceleration deceleration t

Fdec

S-0-0080,
force command value

Fig. 13-12: Oscillogram of velocity and force
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13.8
13.8.1

13.8.2

( Face + Foec \'_ At

m=30-F, -
YU 100% ) Av

m Moved axis mass in kg

Fan Continuous nominal force of the motor in N

Facc Force command value during acceleration in %

Fpec Force command value during braking in %

Av Velocity change during constant acceleration in m/min Acceler-
ation in m/min

At Time change during constant acceleration in s

Fig. 13-13: Determining the moved axis mass on the basis of a recorded velocity

ramp
Prerequisites:

1. Correct parameter settings of the rated motor current (basis of representa-
tion S-0-0080)

2. Frictional force not directional
3. Recording of Av and At at constant acceleration
4. Do not perform at maximum motor force to avoid non-linearity

= Due to possible direction-related force variations, this procedure
cannot or only conditionally be used for vertical axes.

Maintenance

General

Measures

Synchronous motors of the IndraDyn L series are maintenance-free as long
as they operated under the operating conditions specified and during the giv-
en service life. However, operation under unfavorable conditions can lead to
limitations in availability.

® |ncrease availability with regular preventive maintenance measures. Ob-
serve the machine manufacturer's instructions in the machine mainte-
nance plan and the maintenance measures described below.

o Log all maintenance measures in the machine maintenance plan.

A DANGER Danger of injury due to moving elements!

Danger of injury due to hot surfaces!

® Do not carry out any maintenance measures while the machine is run-
ning.

e  While carrying out maintenance work, secure the machine such that it
cannot restart or be used by unauthorized persons.

° Do not work on hot surfaces.

Bosch Rexroth recommends the following maintenance measures, based on
the maintenance plan of the machine manufacturer:
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Measure Interval

According to the specifications in the ma-
chine maintenance plan, but at least ev-
ery 1000 operating hours.

Check the coolant system for proper
functioning.

According to the specifications in the ma-
chine maintenance plan, but at least ev-
ery 1000 operating hours.

Check the mechanical and electrical con-
nections.

According to the specifications in the ma-
chine maintenance plan, but at least ev-
ery 1000 operating hours.

Check the machine for smooth running,
vibrations and bearing noise.

Remove dust, chips and other dirt from
the motor housing, cooling fins and the
connections.

Depending on the degree of soiling, but
after one operating year at the latest.

Tab. 13-6: IndraDyn L maintenance measures

The following points should be observed and if necessary restored during the
preventive check of motor and auxiliary components:

®  Noticeable sound during operation
e  Scratches on primary and secondary part

e  Dirt (e.g. shavings, swarfs, grease by guides etc.) within the air gap be-
tween primary and secondary part

Check the functionality of the protection measures and change them if
necessary! Also refer toChapter 9.12.4 on page 138.

e Tightness of liquid cooling, hoses and connections
e  State of power and encoder cables in a drag chain.
e  State of linear scale (e.g. soiled)

e  State of guides (e.g. deterioration of linear guides)

13.8.3  Electrical check of motor components

Resistance and inductivity

Isolation resistance

The electrical defect of a primary part can be checked by measuring electrical
characteristics. The following variables are relevant:

®  Resistance between motor connecting wires 1-2, 2-3 and 1-3
® Inductance between motor connecting wires 1-2, 2-3 and 1-3
® |nsulation resistance between motor connecting wired and guides

The measured values of resistance and inductance can be compared with
the values specified in Chapter 4 "Technical Data”. The individual values of
resistance and inductance measured between the connections 1-2, 2-3 and
1-3 should be identical — within a tolerance of £+ 5 %. There can be a phase
short circuit, a fault between windings, or a short circuit to ground if one or
more values differ significantly. If so, the primary part must be exchanged.

The insulation resistance — measured between the motor connecting leads
and ground — should be at least 1 MQ (MegaOhm) The primary part must be
replaced in this case.

= If there are and doubts during the electrical verification, please
consult Rexroth Service.
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13.9 Operation on external controllers

Rate of rise of voltage

The isolation system of the motor underlies a higher dielectric load in convert-
er operation than in a sinusoidal source voltage only. The voltage stress of
the winding isolation in converter operation is mainly defined by the following
factors:

Crest value of voltage

Rise time of impulse on the motor terminal
Switching frequency of converter output
Length of power cable to the motor

Main components are the switching times of converter output and the length
of the power cable to the motor. The occured rates of rise of voltage on the
motor may not exceed the specified limits from DIN VDE 0530-25 (VDE
0530-25):2009-08 (picture 14, limit curve A) of impulse voltage, measured on
the motor terminals of two strands in depencence of the rise time.

IS

Outputs of IndraDrive converters keep this limits.
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14 Appendix

14.1 Recommended suppliers of additional components

14.11 Length measuring system

Bosch Rexroth AG
Maria-Theresien-Str. 23

97816 Lohr am Main, Germany
Internet: http://www.boschrexroth.com

DR. JOHANNES HEIDENHAIN GmbH
Dr.-Johannes-Heidenhain-Stralle 5
83301 Traunreut, Germany

Internet: http://www.heidenhain.de

Renishaw GmbH

Karl-Benz Strasse 12

72124 Pliezhausen, Germany
Internet: http://www.renishaw.com

14.1.2 Linear scales

Bosch Rexroth AG
Maria-Theresien-Str. 23

97816 Lohr am Main, Germany
Internet: http://www.boschrexroth.com

14.1.3 Energy chains

igus GmbH

Spicher Stralte 1a

51147 Cologne, Germany
Internet: http://www.igus.de

KABELSCHLEPP GMBH
Marienborner Stralle 75

57074 Siegen, Germany

Internet: http://www.kabelschlepp.de

14.14  Cooling aggregate
SCHWAMMLE GmbH & Co KG
Dieselstral’e 12-14
71546 Aspach, Germany
Internet: http://www.schwaemmle-gmbh.de
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Universal Hydraulik GmbH

Siemensstralie 33

61267 Neu-Anspach, Germany

Internet: http://www.universalhydraulik.com

14.1.5 Coolant additives

NALCO Deutschland GmbH
Plankstr. 26

71691 Freiberg/Neckar, Germany
Fax +49(0)7141-703-239

e-mail: slund@nalco.com

14.1.6 Coolant hose

Polyflex AG

Dorfstalle 49

5430 Wettingen, Switzerland
Internet: http://www.polyflex.ch

igus GmbH

Spicher Stralle 1a

51147 Cologne, Germany
Internet: http://www.igus.de

Bosch Rexroth AG
Maria-Theresien-Str. 23

97816 Lohr am Main, Germany
Internet: http://www.boschrexroth.com

14.1.7  Axis cover systems
Mobller Werke GmbH
Kupferhammer
33649 Bielefeld, Germany
Internet: http://www.moellerflex.de

HCR-Heinrich Cremer GmbH

Oppelner Str. 37

41169 Moenchengladbach, Germany

Internet: http://hcr.connection-net.de/deutsch/index.html


http://www.universalhydraulik.com/
http://www.polyflex.ch/
http://www.igus.de/
http://www.rexroth.com/rexrothstar
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http://www.hcr.de/
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Gebr. HENNIG GmbH

P. O. Box 1137

85729 Ismaning, Germany

Internet: http://www.hennig-gmbh.de

14.1.8 End position cushioning

ACE StoRRdampfer GmbH

P. O. Box 1510

40740 Langenfeld, Germany
Internet: http://www.ace-ace.de

Bosch Rexroth AG
Maria-Theresien-Str. 23

97816 Lohr am Main, Germany
Internet: http://www.boschrexroth.com

Metal Braid Shock Absorbers  Rhodius GmbH
Treuchlinger Str. 23
91781 Weilkenburg, Germany
Internet: http://www.rhodius.com

14.1.9  Clamping elements for linear scales

Bosch Rexroth AG
Maria-Theresien-Str. 23

97816 Lohr am Main, Germany
Internet: http://www.boschrexroth.com

14.1.10 External mechanical brakes

Kendrion Binder Magnete GmbH

Ménchweilerstr. 1

78048 Villingen-Schwenningen, Germany
Internet: http://www.kendrion-electromagnetic.com

Ortlinghaus-Werke GmbH
Kenkhauser Str. 125

42929 Wermelskirchen, Germany
Internet: http://www.ortlinghaus.com


http://www.hennig-gmbh.de/
http://www.ace-ace.de/
http://www.rexroth.com/rexrothstar
http://www.rhodius.com/
http://www.rexroth.com/rexrothstar
http://www.binder-magnete.de/
http://www.ortlinghaus.com/
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14.1.11 Weight compensation systems

Pneumatic

14.1.12 Wiper

Hydraulic

Ross Europa GmbH
Robert-Bosch-Str. 2

63225 Langen, Germany

Internet: http://www.rosseuropa.com

Bosch Rexroth AG
Maria-Theresien-Str. 23

97816 Lohr am Main, Germany
Internet: http://www.boschrexroth.com

Hunger DFE GmbH Dichtungs- und Fiihrungselemente
Alfred-Nobel Str. 26

97080 Wirzburg. Germany

Internet: http://www.hunger-dichtungen.de

HME Dichtungssysteme
Richthofenstr. 31

86343 Kdnigsbrunn, Germany
Internet: http://www.hme-seals.de


http://www.rexroth.com/rexrothstar
http://www.hunger-dichtungen.de/
http://www.hme-seals.de/
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15 Environmental protection and disposal

Production method

No release of hazardous substan-
ces

Basic components

Return of products

Permanent magnets

Packaging

Batteries and accumulators

The products are manufactured in energy- and resource-optimized produc-
tion processes which allow re-using and recycling the resulting waste. We
regularly try to replace pollutant-loaded raw materials and supplies by more
environment-friendly alternatives.

Our products do not contain any hazardous substances which may be re-
leased in case of appropriate use. Normally, our products will not have any
negative influences on the environment.

Basically, our motors consist of the following components: Steel, aluminum,
copper, brass, permanent magnets (rare earth metal), electrotechnical com-
ponents.

Our products can be returned to us for disposal free of charge. However, this
requires that the products be free from oil, grease or other dirt.

Furthermore, the products returned for disposal may not contain any undue
foreign material or foreign components.

Deliver the products "free domicile" to the following address:

Bosch Rexroth AG

Electric Drives and Controls

Buergermeister-Dr.-Nebel-Stralie 2
97816 Lohr am Main, Germany

A WARNING Danger due to permanent magnets!

» Health hazard for persons with heart pacemakers, metallic
implants and hearing aids in direct environment of permanent
magnets.

» Crushing hazard of fingers and hand due to heavy attrac-
tive forces of the magnets.

» Risk of destruction of sensitive parts such as watches,
credit cards, ...

5> @

Permanent magnets present a serious danger during disposal. Prior to dis-
posal, permanent magnets attached to the motor components (e.g. synchro-
nous motor rotors, secondary parts of linear motors) have to be demagne-
tized using thermal treatment. The disposal of demagnetized permanent
magnets is prohibited.

Demagnetize magnets

The demagnetization of the permanent magnets is reached via special ther-
mal treatment. The handling duration is influenced by the frame of the motor
component. The motor component has to remain in the oven for a minimum
of 30 minutes, starting at the time, the magnetic surface has reached 300 °C.

Please also refer to the safety instructions regarding protection from magnet-
ic fields, handling and assembly in the chapter “Safety Notes for Electric
Drives and Controls” when using permanent magnets.

Packaging materials consist of cardboard, wood and polystyrene. They can
be recycled anywhere without any problem.

For ecological reasons, please refrain from returning the empty packages to
us.

Batteries and accumulators can be labeled with this symbol.
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Recycling

The symbol indicating "separate collection” for all batteries
and accumulators is the crossed-out wheeled bin.

End users in the EU are legally bound to return used batteries. Outside the
validity of the EU Directive 2006/66/EC, the particularly applicable regulations
must be followed.

Used batteries can contain hazardous substances which can harm the envi-
ronment or people's health when improperly stored or disposed of.

After use, the batteries or accumulators contained in Rexroth products must
be properly disposed of according to the country-specific collection systems.

Most of the products can be recycled due to their high content of metal. In
order to recycle the metal in the best possible way, the products must be dis-
assembled into individual assemblies.

Metals contained in electric and electronic assemblies can also be recycled
by means of special separation processes.

Plastic parts of the products may contain flame retardants. These plastic
parts are labeled according to EN ISO 1043. They have to be recycled sepa-
rately or disposed of according to the applicable legal provisions.
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16 Service and support

Service Germany

Service worldwide

Preparing information

Our worldwide service network provides an optimized and efficient support.
Our experts offer you advice and assistance should you have any queries.
You can contact us 24/7.

Our technology-oriented Competence Center in Lohr, Germany, is responsi-
ble for all your service-related queries for electric drive and controls.

Contact the Service Hotline and Service Helpdesk under:

Phone: +49 9352 40 5060
Fax: +49 9352 18 4941
E-mail: service.svc@boschrexroth.de

Internet:  http://www.boschrexroth.com/

Additional information on service, repair (e.g. delivery addresses) and training
can be found on our internet sites.

Outside Germany, please contact your local service office first. For hotline
numbers, refer to the sales office addresses on the internet.

To be able to help you more quickly and efficiently, please have the following
information ready:

®  Detailed description of malfunction and circumstances

e  Type plate specifications of the affected products, in particular type co-
des and serial numbers

®  Your contact data (phone and fax number as well as your e-mail ad-
dress)


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