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Electromagnetic Compatibility (EMC) Applications 1-1

1  Applications

This documentation is meant to assist in the assembly and installation of
Rexroth Indramat drive components in an installation or machine while
ensuring optimum electromagnetic compatibility (EMC) of the installation
or machine.

In this documentation the user of Rexroth Indramat drive or control
components is given directives with which to ensure and secure all EMC
requirements by taking the simplest measures which have proven their
effectiveness over years of actual application.
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Notes
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2 Safety Instructions for Electric Servo Drives and

Controls

2.1 Introduction

Read these instructions before the equipment is used and eliminate the
risk of personal injury or property damage. Follow these safety

instructions at all times.

Do not attempt to install, use or service this equipment without first
reading all documentation provided with the product. Read and
understand these safety instructions and all user documentation of the
equipment prior to working with the equipment at any time. If you do not
have the user documentation for your equipment contact your local
Rexroth Indramat representative to send this documentation immediately
to the person or persons responsible for the safe operation of this

equipment.

If the product is resold, rented or transferred or passed on to others, then
these safety instructions must be delivered with the product.

Inappropriate use of this equipment, failure to
follow the safety instructions in this document
or tampering with the product, including

WARNING disabling of safety devices, may result in
product damage, personal injury, severe
electrical shock or death!

2.2 Explanations

The safety warnings in this documentation describe individual degrees of
hazard seriousness in compliance with ANSI:

Warning symbol with signal
word

Degree of hazard seriousness

The degree of hazard seriousness
describes the consequences resulting from
non-compliance with the safety guidelines.

DANGER

Bodily harm or product damage will occur.

WARNING

Death or severe bodily harm may occur.

CAUTION

Death or severe bodily harm may occur.

Fig. 2-1: Classes of danger with ANSI
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2-2 Safety Instructions for Electric Servo Drives and Controls  Electromagnetic Compatibility (EMC)

2.3 Hazards by inappropriate use

High voltage and high discharge current!
Danger to life, risk of severe electrical shock
and risk of injury!

Dangerous movements! Danger to life and risk
of injury or equipment damage by unintentional
motor movements!
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WARNING

High electrical voltage due to wrong
connections! Danger to life, severe electrical
shock and severe bodily injury!

>

WARNING

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

Surface of machine housing could be extremely
hot! Danger of injury! Danger of burns!

O
>
c
d
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CAUTION

Risk of injury due to inappropriate handling!
Bodily injury caused by crushing, shearing,
cutting and mechanical shock or improper
handling of pressurized systems!

>

CAUTION

Risk of injury due to inappropriate handling of
batteries!

Rexroth
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Electromagnetic Compatibility (EMC)  Safety Instructions for Electric Servo Drives and Controls 2-3

2.4 General Information

Rexroth Indramat GmbH is not liable for damages resulting from failure to
observe the warnings given in these documentation.

Order operating, maintenance and safety instructions in your language
before starting up the machine. If you find that due to a translation error
you can not completely understand the documentation for your product,
please ask your supplier to clarify.

Proper and correct transport, storage, assembly and installation as well
as care in operation and maintenance are prerequisites for optimal and
safe operation of this equipment.

Trained and qualified personnel in electrical equipment:

Only trained and qualified personnel may work on this equipment or within
its proximity. Personnel are qualified if they have sufficient knowledge of
the assembly, installation and operation of the product as well as an
understanding of all warnings and precautionary measures noted in these
instructions.

Furthermore, they should be trained, instructed and qualified to switch
electrical circuits and equipment on and off, to ground them and to mark
them according to the requirements of safe work practices and common
sense. They must have adequate safety equipment and be trained in first
aid.

Only use spare parts and accessories approved by the manufacturer.

Follow all safety regulations and requirements for the specific application
as practiced in the country of use.

The equipment is designed for installation on commercial machinery.
European countries: see directive 89/392/EEC (machine guideline).

The ambient conditions given in the product documentation must be
observed.

Use only safety features that are clearly and explicitly approved in the
Project Planning manual.

For example, the following areas of use are not allowed: Construction
cranes, Elevators used for people or freight, Devices and vehicles to
transport people, Medical applications, Refinery plants, the transport of
hazardous goods, Radioactive or nuclear applications, Applications
sensitive to high frequency, mining, food processing, Control of
protection equipment (also in a machine).

Start-up is only permitted once it is sure that the machine, in which the
product is installed, complies with the requirements of national safety
regulations and safety specifications of the application.

Operation is only permitted if the national EMC regulations for the
application are met.

The instructions for installation in accordance with EMC requirements can
be found in the INDRAMAT document "EMC in Drive and Control
Systems”.

The machine builder is responsible for compliance with the limiting values
as prescribed in the national regulations and specific EMC regulations for
the application.

European countries: see Directive 89/336/EEC (EMC Guideline).

U.S.A.: See National Electrical Codes (NEC), National Electrical
Manufacturers Association (NEMA), and local building codes. The user of
this equipment must consult the above noted items at all times.

Technical data, connections and operational conditions are specified in
the product documentation and must be followed at all times.

DOK-GENERL-EMV******++.pR0O2-EN-P
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2-4 Safety Instructions for Electric Servo Drives and Controls  Electromagnetic Compatibility (EMC)

2.5 Protection against contact with electrical parts

Note: This section refers to equipment with voltages above 50 Volts.

Making contact with parts conducting voltages above 50 Volts could be
dangerous to personnel and cause an electrical shock. When operating
electrical equipment, it is unavoidable that some parts of the unit conduct
dangerous voltages.

High electrical voltage! Danger to life, severe
electrical shock and severe bodily injury!

g
DANGER

Only those trained and qualified to work with or on
electrical equipment are permitted to operate,
maintain or repair this equipment.

Follow general construction and safety regulations
when working on electrical installations.

Before switching on power the ground wire must be
permanently connected to all electrical units accor-
ding to the connection diagram.

Do not operate electrical equipment at any time if the
ground wire is not permanently connected, even for
brief measurements or tests.

Before working with electrical parts with voltage
potentials higher than 50 V, the equipment must be
disconnected from the mains voltage or power
supply.

The following should be observed with electrical
drives, power supplies, and filter components:

Wait five (5) minutes after switching off power to
allow capacitors to discharge before beginning work.
Measure the voltage on the capacitors before
beginning work to make sure that the equipment is
safe to touch.

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

Install the covers and guards provided with the
equipment properly before switching the equipment
on. Prevent contact with live parts at any time.

A residual-current-operated protective device (r.c.d.)
must not be used on an electric drive! Indirect
contact must be prevented by other means, for
example, by an overcurrent protective device.

Equipment that is built into machines must be

secured against direct contact. Use appropriate
housings, for example a control cabinet.

European countries: according to EN 50178/1998,
section 5.3.2.3.

U.S.A: See National Electrical Codes (NEC), National
Electrical Manufacturers Association (NEMA) and local
building codes. The user of this equipment must observe
the above noted instructions at all times.

Rexroth
@ Indramat
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To be observed with electrical drives, power supplies, and filter

components:

High electrical voltage! High leakage current!

Danger to life, danger of injury and bodily harm

from electrical shock!

DANGER U Before switching on power for electrical units, all
housings and motors must be permanently grounded
according to the connection diagram. This applies
even for brief tests.

O Leakage current exceeds 3.5 mA. Therefore the
electrical equipment and units must always be firmly
connected to the supply network.

O Use a copper conductor with at least 10 mmz2 cross
section over its entire course for this protective
connection!

O Prior to startups, even for brief tests, always connect

the protective conductor or connect with ground wire.
High voltage levels can occur on the housing that
could lead to severe electrical shock and personal
injury.

European countries: EN 50178/1998, section 5.3.2.1.

USA: See National Electrical Codes (NEC), National
Electrical Manufacturers Association (NEMA), and local
building codes. The user of this equipment must maintain
the above noted instructions at all times.

DOK-GENERL-EMV******++.pR0O2-EN-P
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2-6 Safety Instructions for Electric Servo Drives and Controls  Electromagnetic Compatibility (EMC)

2.6 Protection by protective low voltage (PELV) against
electrical shock

All connections and terminals with voltages between 5 and 50 Volts on
INDRAMAT products are protective low voltages designed in accordance
with the following standards on contact safety:

International: IEC 364-4-411.1.5
EU countries: see EN 50178/1998, section 5.2.8.1.

High electrical voltage due to wrong
connections! Danger to life, severe electrical
shock and severe bodily injury!

WARNING O Only equipment, electrical components and cables of
the protective low voltage type (PELV = Protective
Extra Low Voltage) may be connected to all
terminals and clamps with 0 to 50 Volts.

O Only safely isolated voltages and electrical circuits
may be connected. Safe isolation is achieved, for
example, with an isolating transformer, an opto-
electronic coupler or when battery-operated.

2.7 Protection against dangerous movements

Dangerous movements can be caused by faulty control or the connected
motors. These causes are be various such as:

unclean or wrong wiring of cable connections
inappropriate or wrong operation of equipment
malfunction of sensors, encoders and monitoring circuits
defective components

software errors

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

The monitors in the drive components make faulty operation almost
impossible. Regarding personnel safety, especially the danger of bodily
harm and property damage, this alone should not be relied upon to
ensure complete safety. Until the built-in monitors become active and
effective, it must be assumed in any case that some faulty drive
movements will occur. The extent of these faulty drive movements
depends upon the type of control and the state of operation.

Rexroth
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DANGER

Dangerous movements! Danger to life and risk
of injury or equipment damage!

O

Personnel protection must be secured for the above
listed reason by means of superordinate monitors or
measures.

These are instituted in accordance with the specific
situation of the facility and a danger and fault
analysis conducted by the manufacturer of the
facility. All the safety regulations that apply to this
facility are included therein. By switching off,
circumventing or if safety devices have simply not
been activated, then random machine movements or
other types of faults can occur.

Avoiding accidents, injury or property damage:

O

Keep free and clear of the machine’s range of
motion and moving parts. Prevent people from
accidentally entering the machine’s range of
movement:

- use protective fences

- use protective railings

- install protective coverings

- install light curtains or light barriers

Fences must be strong enough to withstand
maximum possible momentum.

Mount the emergency stop switch (E-stop) in the
immediate reach of the operator. Verify that the
emergency stop works before startup. Don’t operate
the machine if the emergency stop is not working.

Isolate the drive power connection by means of an
emergency stop circuit or use a start-inhibit system
to prevent unintentional start-up.

Make sure that the drives are brought to standstill
before accessing or entering the danger zone.
Secure vertical axes against falling or slipping after
switching off the motor power by, for example:

- Mechanically securing the vertical axes

- Adding an external brake / clamping mechanism

- Balancing and thus compensating for the vertical
axes mass and the gravitational force

The standard equipment motor brake or an external
brake controlled directly by the servo drive are not
sufficient to guarantee the safety of personnel!

DOK-GENERL-EMV******++.pR0O2-EN-P
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2-8 Safety Instructions for Electric Servo Drives and Controls  Electromagnetic Compatibility (EMC)

Disconnect electrical power to the equipment using a
master switch and secure the switch against
reconnection for:

- maintenance and repair work
- cleaning of equipment
- long periods of discontinued equipment use

Avoid operating high-frequency, remote control and
radio equipment near electronics circuits and supply
leads. If use of such equipment cannot be avoided,
verify the system and the plant for possible
malfunctions at all possible positions of normal use
before the first start-up. If necessary, perform a
special electromagnetic compatibility (EMC) test on
the plant.

2.8 Protection against magnetic and electromagnetic fields
during operations and mounting

Magnetic and electromagnetic fields generated by current-carrying
conductors and permanent magnets in motors represent a serious health
hazard to persons with heart pacemakers, metal implants and hearing

aids.
Health hazard for persons with heart
pacemakers, metal implants and hearing aids in
proximity to electrical equipment!
WARNING O Persons with pacemakers, metal implants and

hearing aids are not permitted to enter following
areas:

- Areas in which electrical equipment and parts are
mounted, being operated or started up.

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

If it is necessary for a person with a pacemaker to
enter such an area, then a physician must be con-
sulted prior to doing so. Pacemaker, that are already
implanted or will be implanted in the future, have a
considerable deviation in their resistance to
interference. Due to the unpredictable behavior there
are no rules with general validity.

Persons with hearing aids, metal implants or metal
pieces must consult a doctor before they enter the
areas described above. Otherwise health hazards
will occur.

Rexroth
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2.9 Protection against contact with hot parts

Housing surfaces could be extremely hot!
Danger of injury! Danger of burns!

O

CAUTION
g

O

Do not touch surfaces near the source of heat!
Danger of burns!

Wait ten (10) minutes before you access any hot
unit. Allow the unit to cool down.

Do not touch hot parts of the equipment, such as
housings, heatsinks or resistors. Danger of burns!

2.10 Protection during handling and installation

Under certain conditions unappropriate handling and installation of parts
and components may cause injuries.

Risk of injury through incorrect handling!
Bodily harm caused by crushing, shearing,
cutting and mechanical shock!

CAUTION U

g
g

O

O

Observe general instructions and safety regulations
during handling installation.

Use only appropriate lifting or moving equipment.
Take precautions to avoid pinching and crushing.

Use only appropriate tools. If specified by the product
documentation, special tools must be used.

Use lifting devices and tools correctly and safely.

Wear appropriate protective clothing, e.g. safety
glasses, safety shoes and safety gloves.

Never stay under suspended loads.

Clean up liquids from the floor immediately to
prevent personnel from slipping.

DOK-GENERL-EMV******++.pR0O2-EN-P
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2-10 safety Instructions for Electric Servo Drives and Controls Electromagnetic Compatibility (EMC)

2.11 Battery safety

Batteries contain reactive chemicals in a solid housing. Inappropriate
handling may result in injuries or equipment damage.

Risk of injury through incorrect handling!

O Do not attempt to reactivate discharged batteries by
heating or other methods (danger of explosion and

CAUTION corrosion). .

Never charge batteries (danger from leakage and
explosion).

O Never throw batteries into a fire.

0 Do not dismantle batteries.

O Handle with care. Incorrect extraction or installation
of a battery can damage equipment.

Note: Environmental protection and disposall The batteries

contained in the product should be considered as hazardous
material for land, air and sea transport in the sense of the legal
requirements (danger of explosion). Dispose batteries
separately from other refuse. Observe the legal requirements
given in the country of installation.

2.12 Protection against pressurized Systems

Certain Motors (ADS, ADM, 1MB etc.) and drives, corresponding to the
information in the Project Planning manual, must be provided with and
remain under a forced load such as compressed air, hydraulic oil, cooling
fluid or coolant. In these cases, improper handling of the supply of the
pressurized systems or connections of the fluid or air under pressure can
lead to injuries or accidents.

Danger of injury when pressurized systems are
handled by untrained personnel!
O Do not attempt to disassemble, to open or to cut a

CAUTION pressurized system.

O Observe the operation restrictions of the respective
manufacturer.

O Before the disassembly of pressurized systems,
lower pressure and drain off the fluid or gas.

O Use suitable protective clothing (for example
protective eyewear, safety shoes and gloves)

O Remove any fluid that has leaked out onto the floor
immediately.

Note:

Environmental protection and disposal! The fluids used in the
operation of the pressurized system equipment is not
environmentally compatible. Fluid that is damaging to the
environment must be disposed of separate from normal waste.
Observe the national specifications of the country of
installation.

Rexroth
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Electromagnetic Compatibility (EMC) Definitions and terms 3-1

3 Definitions and terms

3.1 Electromagnetic compatibility (EMC)

)Electromagnetic  compatibilty (EMC) or EMI (electromagnetic
interference) entails the following:

« sufficient immunity to interference of an electrical installation or
electrical equipment against electrical, magnetic or electromagnetic
interference originating outside and transmitted via cables and in free
space

« and a sufficiently low level of emission of electrical, magnetic or
electromagnetic interference from an electrical installation or
electrical equipment to other equipment in their vicinity via cables and
free space.

3.2 Securing EMC demands

The EMC features of  Rexroth Indramat AC drives and control components are designed and
components  built according to legal requirements as specified in the EU directives
EMC 89/336/EWG and German EMC laws, in compliance with the current

state of standardization.

The compliance with EMC standards was checked using a typical system
installation at a standard test bench. The limit values as stated in EN
61800-3/ 1996 were maintained.

EMC type | Area Limit value as per standard
Emission of | Industrial area | group 2 EN 61800-3
interference class A sections 6.2 and 6.3,
2" environment
Residential group 1 EN 61800-3
and light class B sections 6.2 and 6.3,
industrial (former radio- 1* environment
areas interference level N)
Immunity to | Industrial area EN 6_318%0é3
interference ; - section 5.2,
Residential 2" environment
and light
industrial
areas

Fig. 3-1: Limit values as per standards

In addition to the in-house test, individual drive systems were subject to
conformity checks in an accredited laboratory of a competent body
authorized by CE.

The readings of a typical system installation are not transferable in every

Transferability to the final case to the state as installed of the product in the machine or installation.

product

Rexroth
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3-2 Definitions and terms

Electromagnetic Compatibility (EMC)

Drive system interference

emission

Industrial area

Residential, business and

commercial areas

Immunity to interference and emission of interference are largely
dependent on the:

» configuration of the connected drives

* number of connected drives

* installation conditions, location

» interference conditions, cabling and

« installation of the individual drive components
within the machine or installation.

In addition, the measures which must be taken are dependent on the
demands of electrical safety as well as cost-effectiveness of the
application.

To prevent the effects of interference as far as possible, mounting and
installation instructions are specified in the application manual of the
components and in this documentation.

To maintain the limit values for interference emission (mainly conducted
radio interference of more than 9 kHz) at the points of connection of
machine or installation, the application notes as specified in this
description must be followed.

This particularly includes the following measures:

« Motor power cables must be routed shielded or shielded motor power
cables of Rexroth Indramat must be used.

« Motor power cables must be kept as short as possible.

* An NFD mains filter as recommended by Rexroth Indramat and/or an
NFE mains filter for single-phase connection must be adequately
mounted in the mains conductor line of the AC drive system to cut
down on interference. Information can be found in chapter 5 "Types of
shielded motor power cables for Rexroth Indramat drives".

The filter also largely reduces interference, via the power connection, with
units within close proximity.

If the limit values within an industrial area, which is isolated from the
public network with a transformer substation, only have to be maintained
at the borders of a piece of land or in adjacent low-voltage networks, then
it may be possible to do without the filter. An interference filter is
advisable, however, within proximity to radios or other high-frequency
sensitive equipment such as measuring sensors, measuring leads or
measuring devices.

Frequently, however, the increased resistance to interference of a
sensitive unit can often be the more cost-effective solution in comparison
to interference suppression measures in the drive system of the
installation.

Medium-sized manufacturing plants and commercial enterprises can be
connected to the public low-voltage network together with residential
buildings. In this case, operating without interference suppression
capabilities can represent a considerable interference risk for radio and
TV reception. For this reason, taking the above measures is basically
recommended.

Rexroth
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Ungrounded networks

The standard external mains filters NFD and NFE have been designed in
such a way as to allow obtaining the lower limit value of interference
emission in these areas (class B according to EN 55011and EN 55014),
if:

« the final product / the machine has been installed in compact form

« the number of connected drives is limited

« the motor cables length of the drives is less than 10 m

« the indicated application notes have been followed.

Since it is impossible to obtain the lower limit values for residential areas
with all applications by means of the usual measures (like for example in
the case of large and electrically not closed installations, longer motor
cables or a large number of drives), the following note included in EN
61800-3/ Al1, section 6.3 has to be observed:

Note: This is a product of restricted distribution according to IEC
61800-3! In a residential area this product can cause high-
frequency interference. If this happens, the user can be
requested to take appropriate measures.

If equipment is operated on an ungrounded network, then the drive
system should be galvanically decoupled with a mains filter via an
isolating transformer if ground fault monitoring of the facility is to be
maintained.

Please note that residual-current devices trip unintentionally as a result of
larger leakage current when connecting mains filters.

If the drive system is nevertheless operated directly on the ungrounded
mains, make sure that

« the ground-fault detection of the mains does not operate
unintentionally and

« the interference suppression, that is only activated via the parasitic
mains capacities of the ungrounded mains, is still sufficient, in order to
comply with the limit values required by the application.

3.3 Standards and laws

EU directives

There are EU directives at the European level. These directives are
interpreted at a national level in the individual countries. For EMC, EU
directive 89/336/EWG sets the standard, interpreted in Germany into the
EMC law (law governing electromagnetic compatibility of apparatus)
dated 1992-11-9.
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Electromagnetic Compatibility (EMC)

3.4 Technical explanations on the emission of interference

Causes of interference emission

Reducing the spread of

interference

Frequency converters with rapidly alternating semi-conductors are built
into regulated, speed-variable drives. The advantages of being able to
change speeds with a high level of precision is achieved by modulating
the pulse-width of the frequency converter voltage. This can generate
sinusoidal currents with variable amplitudes and frequencies in the motor.

The fast changing voltage, high pulse frequency and the resulting
harmonics cause an undesirable, but physically unavoidable, emission of
interference voltages and fields (broad band interference). This
interference is mostly asymmetrical interference to ground.

The spreading of this interference largely depends upon the:

« configuration

« conditions of installation

* location

« radio interference conditions

< cabling and installation

of the individual drive components within the machine or installation.

If interference is emitted unfiltered out of the equipment to the attached
lines, then these can, in turn, themselves emit this interference into free
space (aerial effects). This includes mains supply lines.

There are three possibilities:
1. Filtering:

It prevents the propagation of interference over lines, in particular over the
mains supply line (mains filter). Specially developed radio interference
filters are available for this purpose.

2. Shielding:

A sufficient metal shield prevents emission into free space. This is
achieved by mounting the equipment into a grounded control cabinet or
housing (metal encapsulation or casing). The shielding of line connections
is implemented with shielded cables and leads, whereby the shields must
be grounded over the greatest possible surface.

3. Grounding:

This conducts interference to earth, permitting it to flow back to source
over the shortest distance possible. Grounding must be sufficiently short
and over the greatest possible surface area to achieve low inductive
resistance with low line inductance. The higher the frequency of
interference, the lower ground line inductance must be.

In the following, these measures are described in detail with practical
applications.

Rexroth
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4 Selecting a mains filter

The mains filter serves to reduce the noise level in the range of 50 kHz to
30 MHz to the allowed limit values. The selection of the mains filter
depends on the following data:

* applied mains voltage
e continuous current on mains side
e ambient temperature

The mains filters as illustrated in Fig. 4-3: Mains filter NFD/NFE" are used
in Rexroth Indramat drive systems for interference suppression. These
have been designed and dimensioned especially for Rexroth Indramat
drive systems.

If filters of other manufacturers are used, then the allowed limit values
prescribed by Rexroth Indramat cannot be guaranteed.

4.1 Mains side continuous current Iyetz

The filter is selected in terms of the mains side continuous current lyet, of
the drive package.

It is calculated from the apparent power S using the following formula:

S
single-phase connection:  f, = U
Netz

S
three-phase connection: KNetz = \/——
3 * U

Unetz:  Voltage between the phases of the mains
S: apparent power
Fig. 4-1: Determination of mains current

See chapter 9 Determining apparent power for calculating apparent
power (S).

The current of the Rexroth Indramat filter corresponds to the continuous
current (r.m.s. value). In the case of short-term operations for one minute,
a filter with low current levels may be selected.

The current can be calculated as per the following formula:

12
A tl A
legs = 13+ 15° C l
5 €l
1
Iy
«—12—»

Sv5180f1.th7

Fig. 4-2: Calculating short-term operations

The filters are generally designed to take four times the nominal current
for approximately ten seconds without damage.
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Electromagnetic Compatibility (EMC)

4.2 Technical data of mains filters

Maximum Nominal No. of | Type of mains Terminals (3) Power | Weight [ Type

connecting mains phases filter dissi-

voltage of current pation

mains / approx

50..60 Hz Netz
Un 1)
inV in A flexible | rigid AWG
mm? | mm? w kg
AC 480 V + 10 % 7 3 NFD 03.1-480-008 | 4(3) | 6(3) | AWG 12 3.9 0.7 |vertical
AC 480V + 10 % 16 3 NFD 03.1-480-016 | 4(3) | 6(3) | AWG 12 6.4 1.0 |vertical
AC 480V + 10 % 30 3 NFD 03.1-480-030 10 16 AWG 6 11.9 1.4 vertical
AC 480V + 10 % 55 3 NFD 03.1-480-055 16 25 AWG 4 25.9 2.0 vertical
AC 480V + 10 % 75 3 NFD 03.1-480-075 25 35 AWG 3 30.4 3.5 vertical
AC 480V + 10 % 130 3 NFD 03.1-480-130 50 50 AWG 38 4.7 vertical
1/0
AC 480V + 10 % 180 3 NFD 03.1-480-180 95 95 AWG 61 10 vertical
4/0
AC 230V + 10 % 7.5 1 NFE 02.1-230-008 | 4(3) | 6(3) | AWG 10 7.2 11 |vertical
AC 230V + 10 % 4.7 1 NFE 01.1-250-006 | tab connectors 4 0.245 horizon-
) 6.3 x0.8 mm tal

NFD = three-phase filter, NFE = single-phase filter
(1) = maximum continuous current on mains side at 45°C ambient temperature
(2) =to be used only for interference suppression of the NTM power supply unit
(3) = a conductor cross section of 10 mm? is to be connected for the ground wire by means of a plug connector or ring cable lug

Fig. 4-3: Mains filter NFD/NFE

Operating frequency
Power dissipation
Temperature range
Overload

Effective attenuation

From O to 60 Hz at 45 °C

measured at 2 or 3 X R I°Nenn bc
-25..+85°C

1.5 Inenn 1 minute per hour or 4 | nenn fUr 10 s
frequency range 150 kHz — 30 MHz

Saturation

Test voltage

Current reduced with
overtemperature

reduction of filter attenuation by 6 dB with 2.5-to
3-fold nominal current

L/N->PEorL->PE: 2700 Vpc 2sat25°C
N->L 2100 Vpc 2sat25°C

see: Fig. 4-11: Calculation with higher ambient
temperatures

Leakage current at 50
Hz

symmetrical three-phase operation: typ. 30 mA,
single-phase operation or in the case of fuse
failure of a phase: typ. 175 ... 190mA

Protection category

IP20, except for NFE01.1-250-006: IP 10

Fig. 4-4: Technical data mains filter NFD 3.1

Rexroth
@ Indramat

DOK-GENERL-EMV*****++*.PRO2-EN-P



Electromagnetic Compatibility (EMC)
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4.3 Dimensions

Mains filter A B C D E F G| H|J K L M Ma | Mak
type E
NFD 03.1-480-007 | 190 | 90 50 | 160 | 180 | 20 |54 | - | -- | 190 | --- M5 2.2 0.8
NFD 03.1-480-016 | 250 | 90 55 | 220 | 235 | 25 |54 | - | - | 250 | --- M5 2.2 0.8
NFD 03.1-480-030 | 270 | 100 | 60 | 240 | 255 | 30 |54 | --- | - | 270 | -- M5 2.2 2
NFD 03.1-480-055 | 250 | 105 | 90 | 220 | 235 | 60 |54 | --- | - | 260 | -- M6 4 2.2
NFD 03.1-480-075 | 270 | 145 | 90 | 240 | 255 | 60 |65| --- | --- | 280 | -- M6 4 4.5
NFD 03.1-480-130 | 270 | 160 | 100 | 240 | 255 | 65 |65 | --- | - | 330 | -- M10 18 8
NFD 03.1-480-180 | 380 | 180 | 130 | 350 | 365 | 102 |6.5| --- | --- | 455 | -- M10 18 20
NFE 02.1-230-008 | 90 | 210 | 60 60 80 40 |5.3|40 (075 | - 15 10 0.8 0.8
NFE 01.1-250-006 see figure

Mae= maximum tightening torque of the ground stud in Nm

Maw=maximum tightening torque of the terminal connector in Nm

Fig. 4-5: Dimensions of the mains filters NFD/NFE

NFDO03.1

: ki

|

B F
™ %iﬁ%
& | RRE

LOAD
!
|
K E |

LINE

_g___l;U E fefel

Fig. 4-6: AC filter NFD03.1 for drives

Tolerance limits for NFD03.1:

Dimensions B, C, D, K are maximum values. They can be reduced up
to 15 mm.

The ground studs M can also stand vertically, seen from the front side,
instead of horizontally.
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4-4 Selecting a mains filter Electromagnetic Compatibility (EMC)

NFEO02.1
et =
M 2t TP |LINE
‘ M. " INETZ
o < W
1 [T 1] |Lonp!
HLAST
G
[a) w E -
O i Z J
=] S
B
MB5054F1.FH7
NFE02.1-230-008 (with 3 terminal connectors)
Fig. 4-7: Single-phase filter NFE02.1 for drives
NFEO1.1
85 29.5
65 -
i 7{ PP P @
L
54 bt=E€ S 5.3 27
A - = i
N N N LE
6.3 12
75 40
Mb5011f1.fh7

Fig. 4-8: Single-phase filter NFE01.1-250-006 for interference suppression of the
power supply unit NTM

Note: The mains filter is connected by means of tab receptacles
(b=6.3mm,d=1mm).
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G5

Gl G2 G3 G4

P

Air flow:
natural or forced
convection

Air flow:

forced convection,
ventilated control
cabinet

Limited use of positions G5

and G6

« with forced cooling and

i ventilated control cabinet or
i « with maximum value of filter
: continuous current reduced
' by 20%

Gravitational force g

Positions of normal use

Fig. 4-9: Positions of normal use and installation of the filter NFD03.1
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|
<+

L11 L21 L31
LOAD/ LAST

Rexroth
® Indramat

NFDO03.1-480-016

3xAC 480V / 50 — 60 Hz
16A @ 50 °C

LINE/ NETZ

L1 L2 L3

=

Fig. 4-10: Front view NFD03.1-480-16

4.4 Ambient temperature

The mains filters recommended by Rexroth Indramat have been designed
for an ambient temperature of 45 °C.

For higher temperatures, reduce mains current as per the following
formula:

85 -Tamb
/ = INetz ¢ 40

Inetz :  rated current of filter at 45 °C
Tamb: ambient temperature
Fig. 4-11: Calculation with higher ambient temperatures
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5 Types of shielded motor power cables for Rexroth
Indramat drives

Shielded motor power cables from Rexroth Indramat are highly flexible
cables, available as shown in Fig. 5-1: Available cables with indicated
type designations.

Non-shielded Shielded cables
cables
Cable (per meter) INKO2xx INKO6xx
Example: | INK0204 INKO604
Ready-made cable IKLxxxX IKGxxxx
Example: | IKLO122 IKG0122

Fig. 5-1: Available cables

The cable diameter and type required for various motors can be found in
the project planning manual of each motor.

For DIAX04 and ECODRIVEO3 the documentation "Connecting cables
DIAX04, ECODRIVEO03 and Powerdrive", selection data, is available.

Rexroth
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Notes
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6 Optimum assembly of components in the cabinet

6.1 Breakdown into zones

The assembly within the control cabinet can be seen on Fig. 6-2:
Optimum assembly of components in the cabinet.

There are three different zones:

1. Interference-free zone within control cabinet (zone A):

- Mains supply line, input terminals, fuses, mains circuits, mains side
of mains filters for drives and relevant connecting lines.

- Control or auxiliary voltage connection with power supply unit, fuse
and other parts, as long as these are not conducted to the AC drive
via the mains filter.

- All components not electrically connected to the drive system.

2. Interference-susceptible zone (zone B):

- Mains connections between drive system and mains filter for drives,
mains contactor.

- Interface lines of the drive controller.

3. Zone with extensive interference (zone C):
- Motor cable including single cores.

In no case may a line of one zone be routed in a parallel manner with a
line from another zone, in order to avoid undesired interference injection
from one zone to the other and to bypass the filter with regard to high
frequency. All connecting cables must be kept as short as possible.

In the case of complex systems, we recommend mounting of drive
components in one cabinet, while controls are mounted in another,
separate cabinet.

As poorly grounded cabinet doors can function as large-area radiators, we
recommend connecting the doors at the top, in the middle and at the
bottom to the cabinet via short ground wires with a diameter of 6 mm? or,
perhaps even better, via grounding strips with the same diameter. Make
sure that the points of contact do have good contact.
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6-2 Optimum assembly of components in the cabinet Electromagnetic Compatibility (EMC)

6.2 Installation and assembly in the interference-free zone
within the control cabinet (zone A)

Arrangement of the components

in the control cabinet

Cable routing of the

interference-free lines to the

supply connection

Installation and connection of a
neutral conductor (N) or PEN

conductor

Control voltage or auxiliary

supply connection

When arranging the components in the control cabinet, make sure that
the components and electrical elements (switches, pushbuttons, fuses,
terminal connectors) in the interference-free zone A are placed with a
distance of at least d1 = 200 mm to the components in both other zones B
and C.

In particular, a distance of at least d2 = 500 mm has to be kept in zone A
between magnetic components, such as transformers, line reactors and
DC-link reactors, that are directly connected to the power terminals of the
drive system and the interference-free components and lines between
mains and filter including the mains filter. If this distance is not kept, the
magnetic leakage fields are injected to the interference-free components
and lines connected to the mains so that the limit values at the supply
connection are exceeded in spite of the installed filter.

The distance between the power input line and the lines between filter
and exit point from the control cabinet in zone A and the lines in zones B
and C must be at least 200 mm (distances d1 and d3 in Fig. 6-2:
Optimum assembly of components in the cabinet”) at all points.

If this is impossible, there are two alternatives:

* Install these lines with a shield and connect the shield, at several
points, but at least at the beginning and at the end of the line, to the
mounting plate or the control cabinet housing over a large surface
area, or:

e Separate these lines from the other interference-susceptible lines in
zones B and C by means of a grounded distance plate vertically
attached to the mounting plate.

In addition, these lines have to be kept as short as possible within the
control cabinet and installed directly on the grounded metal surface of the
mounting plate or of the control cabinet housing.

Mains supply lines from zones B and C must not be connected to the
mains without a filter.

Note: In case the information on cable routing given in this section is
not observed, the effect of the mains filter is totally or partly
neutralized. You must therefore expect the noise level of the
interference emission to be higher within the range of 150 kHz
to 40 MHz and the limit values at the connection points of the
machine or installation to be exceeded.

If a neutral conductor or PEN conductor is used together with a three-
phase connection, it must not be installed unfiltered in zones B and C, in
order to keep interference off the mains.

If conductor-ground voltage is required in zones B or C for an auxiliary
supply or control voltage connection of the drive system (including
ventilator connections), or for a power supply unit, for example 230 Volt in
the case of a 400 Volt mains, you can choose from the following
solutions:

1. Using a control-power transformer without neutral conductor:

Generate voltage from the three-phase mains via a single-phase or three-
phase transformer 400 Volt / 230 Volt, the maximum imbalance being
10%. The transformer is connected after the three-phase filter NFD
before the power connector of the drives according to Fig. 6-1 , illustration
on top. This solution is also shown on Fig. 6-2.
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Connection of motor ventilators

Shielding of power input lines in
the control cabinet

Mains filter for AC drives

Grounding

Ground wire connection of
machine, installation, control
cabinet

_Or-

2. Filtering the neutral conductor:

If the voltage is generated from a phase of the mains and the neutral
conductor, phase and neutral conductor have to be routed via a single-
phase filter NFE02.1-230-008 between zone A and B according to Fig. 6-
1, illustration in the middle. Pay attention to the maximum current load.

In order to avoid problems with leakage current, interference and ground
fault in power supply units and their circuits, these units should be
galvanically isolated from the mains (isolating transformer).

Single-phase or three-phase supply lines of motor ventilators, that are
usually routed in parallel with motor cables or interference-susceptible
lines, also have to be provided with a filter. They either have to be filtered
via a separate NFE single-phase filter or NFD three-phase filter near the
supply connection of the control cabinet, or to be connected at the load
side of the existing NFD three-phase filter for the power connector of the
drive system. When switching power off, make sure the ventilator is not
also switched off.

If there is a high degree of interference injection to the power input line
within the control cabinet, in spite of you having observed the above
instructions (to be found out by standard EMC measurement), the lines in
zone A have to be routed in shielded form. In this case the shields have to
be connected to the mounting plate at the beginning and the end of the
line by means of clips, as illustrated in chapter 8 "Installing the motor
power cable". The same procedure may be required for long cables of
more than 2 m between the point of power supply connection of the
control cabinet and the filter within the control cabinet.

The mains filter is mounted on the parting line between zone A and B.
Make sure the ground connection between filter housing and housing of
the drive controllers has good electrically conductive properties. If single-
phase loads are connected on the load side of the filter, their current may
only be a maximum of 10% of the three-phase operating current. A highly
imbalanced load of the filter would deteriorate its interference suppression
capacity.

If the mains voltage is more than 480 V, the filter has to be connected on
the output side of the transformer and not on its supply side.

In the case of bad ground connections in the installation, the distance
between the grounding points E1, E2 in zone A and the other grounding
points of the drive system should be at least d4 = 400 mm, in order to
minimize interference injection from ground and ground cables to the
power input lines.

See also: Fig. 6-2: Optimum assembly of components in the cabinet

The ground wire of the power cable of the machine, installation or control
cabinet of the has to be firmly connected at point PE and have a cross
section of at least 10 mm? or to be complemented by a second ground
wire via separate terminal connectors (according to EN50178/ 1997,
section 5.3.2.1). If the cross section of the external conductor is bigger,
the ground wire cross section has to be adjusted accordingly.
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Three-phase filter connection - without neutral conductor

<4“— A —> < B >
Main circuit
L1 L1.1
L1— -
mains Lo— 2 L2.1 \\
3xAC L3— s drive system as
(50...60 Hz) | pE - —— —  —- described
X [
+:\ - ! below
A LA ]
main switch
firml d trans- r\/
irmly connecte mount preferably former —
protective conductor to mounting plate of é; poer supply
drive controller unit (1) auxiliary voltage control voltage

motor ventilator connections (if installed)

S
3

Three-phase filter connection - with neutral conductor

< A > <4 B ——p
main circuit
— L1 L1.1
mains | LT o= 1282 mains EQL2.1 |
AR — 1303 frhor 92131 \
3 xAC L3 _/l/—c — © § filter % @' drive system as
(50..60 Hz) | o NFD - —‘r described
PE E___I | below
main switch v
firmly connegted (3)  mount preferably =
protective conductor to mounting plate of pow. sup. "
drive controller unit (1) auxiliary voltage control voltage

i; motor ventilator
) ) ) . ) connections (if installed)
Single-phase filter connection - with single-phase mode
4“—— A—> < B >
main circuit
+15%

drive system as
(50...60 Hz) (PE - T - described
{\E\\ below
main switch |

mains L1 —
1xAC230V /N —

mains
filter

Last/Load

. 2V I
firmly connected mount preferably _
protective conductor to mounting plate of
drive controller auxiliary voltage control voltage
@1 supply | (vl [mal Iwal| = SUPPY 1 yia | |mia| [ma __I:=
modules T module T ’
HVE, HVR = I_TVM or — ]
NAM-TVD, || || U Kl (2 "|kpov2 || | | KL (2)
SIKVR, VR 1 [ 1 o [ [ [ T "1 Y T T
or KDV4 KDV3 T_ _T T_ _T-
(1) (1)
KA KA KA KA
modular drive system modular drive system transformer connection
direct mains connection
(1)
MA = modular drive controllers TDM, DDS, KDS, TDA, KDA
KA = compact drive controllers DKC, DKS, DKR, RAC drive system with compact controllers
(1) = auxiliary or control voltage only connected, if required for unit
= transformer only if required for mains voltage matchin ApS377f1.th75
) fi ly if required f i Itag hing

Fig. 6-1: Connection of mains filter
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M

Ap5378fL.th7

Fig. 6-2: Optimum assembly of components in the cabinet
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6.3 Installation and assembly in the interference-susceptible
zone within the control cabinet (zone B)

Arrangement of components

Control or auxiliary voltage

and lines

connection

Line routing

Constructional elements, components and lines in zone B must have a
clearance of at least d1 = 200 mm from constructional elements and lines
in zone A, or the former must be shielded by distance plates, standing on
and attached to the mounting plate.

Power supply units for auxiliary and control voltage connections in the
drive system must not be connected directly to the mains, but via the
mains filter, as shown in Fig. 6-1: Connection of mains filter and Fig. 6-2:
Optimum assembly of components in the cabinet.

Line length between drive controller and filter must be as short as
possible. Avoid unnecessarily long lines.

Only in exceptional cases should power supply unit and fuse be
connected to phase and neutral conductor for control voltage connection.
In this case these components must be mounted and installed in zone A,
far away from zones B and C of the drive system. For details see
chapter 6.2 "Installation and assembly in the interference-free zone within
the control cabinet (zone A)".

The connection between control voltage connection of the drive system
and power supply unit must be routed through zone B on the shortest
possible way.

The lines must be routed along grounded metal surfaces, to minimize
emission of interference fields in zone A (sending aerial effects).

Rexroth
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6.4

Installation and assembly in the zone with extensive
interference within the control cabinet (zone C)

Effects of the length of the
motor power cable

Routing of motor cables

Zone C primarily concerns the motor cables.

To maintain limit values, the length of the motor cable must be limited. It
is highly dependent on the application and ambient conditions of the
installation and machine.

Provided that the installation and assembly instructions given in this
manual are being observed, the following values are guide values for the
max. length, if connecting several axes to a filter:

Setting of clock frequency in drive controller

Limit values Standard setting Parameter setting
switching frequency switching frequency
4 kHz 8 kHz
For class B, 15 m 10 m
group 1
EN 55011
For class A, 25m 15m
group 1,
EN 55011
For class A, 50 m 50 m
group 2, with one axis connected: with one axis connected:
EN 55011 75 m 75 m

Fig. 6-3: Guide values for maximum motor cable length for reaching a certain
interference level

The cable should always be as short as the application permits. Avoid any
unnecessarily long lines.

Shielded cables are to be used for motor cable routing (see chapter 2
Installing the mains filter). Besides they are always to be routed with a
distance of d5 = 100 mm to the other interference-free lines and to signal
cables and lines, or to be separated from them by a grounded distance
plate. The latter is not required for the feedback cables for Rexroth
Indramat motors.

At the drive controller connection the motor cables and the (unfiltered)
power connection lines may only be routed in parallel for a distance of
300 mm. After that distance, motor cables and power supply cables have
to be routed in opposite directions in separate cables ducts, as illustrated
on the following figures (Fig. 6-4; Fig. 6-5) by the example of a drive

package with separate power supply connections per drive axis
(ECODRIVE).
Rexroth
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6-8 Optimum assembly of components in the cabinet Electromagnetic Compatibility (EMC)

Zone B

Cable duct 1: power

Drive controllers Zone C

Parallel routing: Max.
length 300 mm

supply unit connection A
lines 53

% v

: - ¥ Cable duct 2:
motor cable

Motor cable:
shield applied with clips _ At a distance of at least 100
at least at one point: alternatively mm or separated by a
at the unit or on mounting plate at grounded distance plate

exit point from control cabinet

Fig. 6-4 Option 1: separate routing of motor and power supply unit connection
cables via 2 cable ducts

Zone B

Drive controllers Zone C

Cable duct 1: power

Parallel routing: Max.
length 300 mm

supply unit

CONNECHION o e )

Cable duct 2:
motor cable

lines

v Motor cable:
shield applied with clips
at least at one point:
alternatively at the unit or on
- —~ 7~ 4 mounting plate at exit point

from control cabinet

Control cabinet exit
point of motor cable

Additional recommendations for
cable routing

Fig. 6-5 Option 2: separate routing of motor and power supply unit connection
cables

The motor cables should be routed both in the control cabinet and outside
of it along grounded metal surfaces to minimize the emission of
interference. Ideally, the motor cables are routed in grounded metal cable
ducts.

The motor cable exit out of the control cabinet should ideally be at least
d3 =400 mm away from the (filtered) mains cable.

Rexroth
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Shield connection and shielding
for motor cable

Shield connection at ANAX,
DIAX01, DIAX02, DIAX03 units

Shield connection at DIAX04,
ECODRIVEO3 and newer

Equipotential bonding
conductor

Shield connection with 1 MB

motors

Shield connection with LAF and
LSF linear motors

Shielding temperature monitor
and brake

The motor cable shield is connected to the grounded mounting plate via
clips, as illustrated on Fig. 8-1: "Cable shield connection over largest
possible surface area”

< at the grounding clip of the drive controller provided for this purpose,

e or, if not available, at the mounting plate near the drive controller (point
Z2 on fig. Fig. 6-2). In this case the shield, together with the insulation,
has to remain on the cable up to the drive controller and must not be
removed at all. At one point on the mounting plate it is connected to
ground by means of a clip. Only at this point is the insulation of the
cable stripped for a distance of approx. 10 mm, in order to obtain a
conductive connection between shield and clip.

* Make sure there is sufficient separate strain relief.

The connection of cable shields by means of round wires (pig tails) at the
cable ends to ground and housing is normally insufficient.

Connection of the shield by means of circular conductors is only allowed
for ANAX, DIAX01, DIAX02, DIAX03 drive controllers. In this case the
shield may only be removed over a maximum distance of 100 mm from
the drive controller. The round wire (pig tail) between cable shield and
housing must not be longer than a maximum of 70 mm and has to be
connected with the housing ground over the shortest possible distance.

For drive controllers DIAX04, ECODRIVEO3 and newer it is only allowed
to connect the shield at the drive controller by means of clips.

In some particular cases it can be necessary to ground the motor shield
at other points, usually at the exit point of the cable from the control
cabinet (point Z2 on fig. Fig. 6-2). This reduces the emission of
interference.

If the cable is routed in a metal tube, the emission of interference is
reduced even more.

If the motor cables are routed to the control cabinet via flange boxes, the
shield is directly connected to the wall of the control cabinet over a large
surface area via the housing of the flange box. Make sure there is
sufficient separate strain relief.

In the case of poor ground connection between motor housing and control
cabinet housing, as well as long motor cables, it may be necessary to use
an equipotential bonding conductor with a diameter of 10 mm? between
control cabinet and motor housing. Cables longer than 50 m should have
a minimum diameter of 35 mm®.

With 1MB motors it must be noted that the connecting lines between
winding and terminal box must be shielded or routed under metal, if the
terminal box is not mounted directly to the spindle box.

With LAF and LSF motors, the shield of the connecting cable must be
routed between the primary part and the terminal box via clips on the
machine housing or metal enclosure.

The internal shields of temperature monitor and brake in the motor cable
are mounted one-sided at control cabinet side, as indicated in the project
planning manual of the unit.

DOK-GENERL-EMV******++.pR0O2-EN-P
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6-10 Optimum assembly of components in the cabinet Electromagnetic Compatibility (EMC)

6.5 Ground connections

Housing and mounting plate

Parts used in connections

Metal surfaces

Earth conductors and shield

connections

By means of appropriate ground connections it is possible to avoid the
emission of interference, because interference is discharged to earth on
the shortest possible way.

The ground connections of the metal housing of such EMC-critical
components as filters, drive system components, contact points of the
cable shields, units with microprocessors and switched-mode power
supply units must have good and broad surface contact. This also applies
to all mounting plate screws of control cabinet walls and when connecting
the PE rails (equipotential bonding rails).

A zinc-coated or chrome-plated mounting plate is thus recommended.
Compared to a varnished plate, the connections in this case have long-
term stability.

In the case of varnished mounting plates, always use screwed joints with
toothed discs and zinc-coated, tin-plated screws. At the points of
connection, the paint should be removed so that electrical contact over
the largest possible surface is ensured. A broad-surface connection is
achieved with bare connecting surfaces or several connecting screws. At
screwed joints, the contact to varnished surfaces is achieved by using
toothed discs.

Always use parts in the connections that have electrically-conductive
surfaces.

Use conductive, bare, zinc-coated, tin-plated and chrome-plated metal
surfaces. Anodized, yellow chrome-plated, burnished black or varnished
metal surfaces are poor conductors and should thus avoided in
connecting parts (screws, nuts, washers).

Not the diameter of earth conductors and shield connections is important,
but rather the contact surface, as high-frequency interference currents
primarily flow on the surface of the conductor.

As a basic principle, ground cable shields according to Fig. 8-1: "Cable
shield connection over largest possible surface area" or via the connector
housing.

Rexroth
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6.6 Installing signal lines and cables

Line routing

Shielding

Measures to prevent interference are outlined in the project planning
manual of the unit. In addition, there are the following recommendations:

Signal and control lines must be routed separately with at least d5 =
100 mm, see Fig. 6-2: Optimum assembly of components in the cabinet,
to the power cables or separated by a grounded distance plate. Optimum
routing is a separate cable duct. Lead the signal lines into the control
cabinet at only one location, if possible.

Exception: If impossible in another way, motor feedback cables can be
routed together with the motor power cables.

If signal lines cross power cables, then these should be routed at an
angle of 90° to each other to avoid interference injection.

Reserve cables either not used or connected should at least be grounded
at both ends to eliminate aerial effects.

Avoid unnecessarily lengthy lines.

The cables must be routed as close to a grounded metal surface
(reference potential) as possible. Closed, grounded cable ducts or metal
tubes are best, but only needed in the case of excessive demands
(sensitive measuring leads).

Free hanging lines or those guided in plastic ducts are to be avoided, as
they not only function as good aerial receivers (immunity to interference)
but also as good aerial transmitters (interference emitters). Exception:
Flexible cabling systems for short distances of a maximum of 5 m.

The cable shield must be routed close to the unit, held as short as
possible, over the greatest possible surface.

Analog signal line shields are applied on one side, for an analog unit this
is generally the control cabinet, over a broad surface. Ensure broad-
surfaced and short connections to ground / housing.

Digital signal line shields are applied on both sides, short and broad-
surfaced. If there are potential differences between beginning and end of
the line, then additionally route an equipotential conductor in parallel. A
cross section guideline is 10 mm?.

Separable connections must be equipped with connectors and coupler
units with grounded metal housing.

The send and receive lines of unshielded electric circuits must be twisted.

DOK-GENERL-EMV******++.pR0O2-EN-P

Rexroth
@ Indramat



6-12 Optimum assembly of components in the cabinet Electromagnetic Compatibility (EMC)

6.7 General interference suppression measures with relays,
contactors, switches, inductors and inductive loads

If, in conjunction with electronic equipment and components, such
inductive loads as inductors, contactors or relays are implemented with
contacts or semi-conductors, then their interference must be suppressed.
This is achieved with direct current by the arrangement of free-wheeling
diodes. If AC is used, then it is achieved by allocation directly at the
inductance of industry-standard RC interference suppression components
that are dependent upon the type of contactor. Only that interference
suppression component located directly at the inductance can achieve the
intended purpose. Otherwise, a high level of interference will be emitted
which cannot only negatively influence the function of the electronic
system, but that of the drive also.

Mechanical switches and contacts should be snap-action contacts. Both
contact pressure and materials must be suited to the switching current.

Replace creeping contacts with snap-action or contactless switches. This
is recommended because creeping contacts bounce considerably and
remain in an undefined state for longer periods of time during which, in
the case of inductive loads, electromagnetic waves are emitted. This is
particularly critical with pressure or temperature switches.

Rexroth
@ Indramat

DOK-GENERL-EMV*****++*.PRO2-EN-P



Electromagnetic Compatibility (EMC) Optimum assembly of components in the cabinet 6-13

6.8 Residual-current-operated circuit-breakers

Leakage current

False tripping without error

Failure to trip in case of
error

Other protective measures

For the purpose of drive speed variation with a high degree of positioning
accuracy and dynamic response, certain modulation procedures are
indispensable. For physical reasons, these modulation procedures give
rise to inevitable leakage current produced during normal operation. With
a symmetrical power source it is negligibly low, but with unbalanced loads
of the mains phases and a large number of drives it can easily be some
100 mA of r.m.s. value.

The leakage current is not sinusoidal. The degree of leakage current
depends on the following features of the installation:

¢ number and type of drives that are used

« length of the connected motor power cables

« grounding conditions of the mains at the place of installation
< imbalance of the three-phase system

« EMC measures

If measures are taken to improve the electromagnetic compatibility (EMC)
of the installation (mains filter, shielded lines), the leakage current in the
ground wire is inevitably increased, especially when the units are switched
on or with the power source being imbalanced.

The result is that residual-current devices (FI, r.c.c.b. = residual-current-
operated circuit-breakers) trip with the above operating states, without an
error having occurred.

Besides the residual-current-operated circuit-breaker does not trip in the
case of smoothed direct fault current that can be caused by power supply
units, power rectifiers and drive controllers. The residual-current-operated
circuit-breaker can be saturated owing to a ground fault and will only
actuate at a much higher current. Personal safety is therefore not
guaranteed and it is prohibited to use a residual-current-operated circuit-
breaker according to EN 50178 as the only safety measure.

Dependent on the capacity of the electrical installation, it is at least
possible to use a residual-current-operated circuit-breaker of 300 mA as
an additional safety device to protect machinery, but not for personal
protection.

According to IEC 364 and EN 50178, the supply-side contact guard for
indirect contact, i.e. in the case of insulation failure, has to be provided in
a different way, for example by means of overcurrent protective device,
protective grounding, protective-conductor system, protective separation
or total insulation.

Generally, an overcurrent protective device with protective grounding
according to IEC 364 and EN 50178 is recommended as a contact guard
in the machine or installation in which a drive system is being used. The
overcurrent protective device normally consists of fuses or overcurrent
release devices (circuit breakers, motor circuit beakers) installed at the
supply connection.
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6-14 Optimum assembly of components in the cabinet Electromagnetic Compatibility (EMC)

Isolating transformer used If it is nevertheless necessary to use a residual-current-operated circuit-
to reduce leakage current in breaker owing to particular local conditions of the mains, an isolating
mains transformer has to be connected between mains connection and power
connection of the drive system. This reduces the leakage current in the

ground wire of the mains that is produced during normal operation.

The neutral point of the secondary winding of the isolating transformer is
connected to the protective conductor of the drive system.

The ground-fault loop impedance must then be adjusted to the
overcurrent protective device so that the unit can be switched off in the
case of failure.

Before operating enable please check for correct function including
activation in the case of failure.
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14 Installing the mains filter

7.1 General safety directives

High electrical voltage!
Danger to life or severe bodily harm!
O The protective grounding must be attached to the filter
and grounded as per section 7.3 before
DANGER commissioning!

O Before touching bare connecting cables and terminal
connectors, remove or switch off filter with its attached
loads from the mains.

O Then allow a discharge time of 1/2 minute!

O Work on the connecting cable or filter may proceed!
Do not operate without attached protective conductor
due to high leakage current of filter! Operate only with
an attached protective conductor which has sufficient
Cross section.

7.2 Mounting the filter

The mains filter must be mounted in the power supply line of the control
cabinet or housing in which the drive controller is installed.

The mounting plate of the drive controller in the control cabinet or the
control cabinet wall are suitable mounting locations and filter grounding,
as this is the best possible way of grounding.

The filter is fixed to the base with four screws. Use zinc-coated or tin-
plated screws, do not use varnished or anodized connecting elements
and screws.

With varnished mounting plates please observe the following additional
proceeding:

« Remove all paint at the contact points on the mounting surface. This
assures a contact of the broadest possible surface.

* Realize screwed joint as per Fig. 7-1: Screwed joint of the filter on the
mounting surface with toothed discs and zinc-coated or tin-plated
Screws.

Only proper grounding assures proper functioning of the mains filter.

mounting surface / backwall of control
filter cabinet
toothed discs
Mwasher
/ — —— nut
washer
X01XXX1P.fh5

Fig. 7-1: Screwed joint of the filter on the mounting surface

Rexroth
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7.3 Connecting the filter

Fig. 6-1: Connection of mains filter depicts the connection of the mains
filter.

The cables are connected to the power source and load side at the
terminal connectors as indicated by the labelling.

For safety reasons, the protective conductor between mains and filter
must

« have a cross section of at least 10 mm? or be complemented by a
second protective conductor via separate terminal connectors
(according to EN50178/1997, section 5.3.2.1). If the cross section of
the external conductor is bigger than that, the cross section of the
protective conductor has to be adapted accordingly.

« be firmly connected. Tools must be needed to release it.

The reasons for this is that an unbalanced load in the three-phase current
system or with phase failure can cause high leakage current of the radio
interference suppression filter in the grounding conductor. The filters must
be grounded prior to initial commissioning. Appropriate connecting points
have to be provided in the machine, in the installation and in the control
cabinet.

See chapter 6 Optimum assembly of components in the cabinet for
further details.

7.4 Commissioning the filter

Check all protective conductor connections visually before connecting or
applying the mains voltage. Give special attention to the bare line ends in
the terminal connectors. These must be firmly attached and tightly
screwed into place.

If necessary, check whether the resistance between the main protective
conductor connections of the system and the filter housing is less than
0.1 Ohm.

Do not connect the mains before running this check.
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8 Installing the motor power cable

To keep interference low, select one of the following options for the motor
power cables of the drive:

* Route (unshielded) motor power cables in well-grounded metal tubes
or cable ducts and check the shielding capacity by means of an EMC
measurement, or

» use a shielded motor power cable. Apply the shield to both the motor
and the control cabinet to a well-grounded spot. It must be short and
the contact surface must cover the largest possible surface. It should
be grounded to the same mounting panel as the drive controller, and
cover the largest possible surface, as per Fig. 8-1: Cable shield
connection over largest possible surface area.

cable

? shield (cable sheath stripped)

SRS metal clip with broadest
__>——surface contact of cable shield
on mounting wall or plate

i:. cable clip screwed onto
\ mounting wall or plate
Paint on contatct surface of

mounting plate must be removed!

X02XXX1P.fh5

Fig. 8-1: Cable shield connection over largest possible surface area

For further details with regard to routing and shield connection of the
motor cable see chapter 6.5 Ground connections.

Rexroth
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Notes
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9 Determining apparent power

9.1 From the selection data

Determine apparent power as follows:
» Compact drive controller: use selection data directly
« Modular drive components: calculate apparent power as per formula:

S=kl- P,

S: apparent power
k1:  factor from Fig. 9-4: Factors for calculating the apparent power
Poc:  DC bus continuous power from selection data

Fig. 9-1: Formula to calculate apparent power

9.2 From the motor data

If selection data are not available, then the motor data can be used to
calculate apparent power, as per the following formulas.

S=k-P

m

S: apparent power
k: factor from Fig. 9-4: Factors for calculating the apparent power
Pn.  average mechanical output of all connected drives

Fig. 9-2: Formula to calculate apparent power based on motor data

Mechanical output Pnof adrive  The mechanical output of the drive is calculated as follows:

M n
P - eff AV
m 9550

Pm: mechanical output
Mes:  effective torque
nav:  average speed
Fig. 9-3: Calculating mechanical output

Rexroth
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9-2 Determining apparent power Electromagnetic Compatibility (EMC)

Drive K K1
controller /
supply unit

Uy: (1)
400V 480V (2) 230V 400 V 480V (2) 230V

Work load 100 25 100 25 100 25 100 25 100 25 100 25

in % of nominal
current of
power supply
unit

HVR 1.26 1.03

DKR, RAC 1.32 1.58

HVE with
smoothing 1.34 1.56 1.1 1.3
reactor GLD

HVE without
smoothing 1.89 2.35 2.2 2.43 1.51 1.87 1.8 2.01

reactor GLD

DKC...-7
2.32 2.88 2.68 2.97 1.85 2.32 2.13 2.38

DKC...-3

DKS, DDC
3-phase 1.7 2.06
connection

DKC...-3

DKS, DDC
1-phase 1.9 2.3
connection

KDV04 2.4 2.66 3.57 3.98 1.92 213 2.85 3.18

KDV 2, KDV 3
with smoothing
reactor 1.34 1.1

GLD

TVM, KDV
without 1.51
smoothing 1.89
reactor GLD

KVR, TVD,

TVR
17 1.86 1.36 1.48

(1) Un = nominal voltage of the mains between the conductors
(2) with RAC: 460 V

Fig. 9-4: Factors for calculating the apparent power
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Actual torque Mesr

Average motor speed nay

This generally corresponds to the torque at standstill Mgy of the motor.
Use the following formula for cyclic transmission:

2 2 2
Ml .t1+M2.t2+M3.t3+...

M =
eff
o+ b+t
A
M(t)
M1
M3
M
€ € € 13 P t

S02XXX1P.fh5

Fig. 9-5: Calculating actual torque

If the drive is operated at constant speed for a duration greater than
acceleration and deceleration time, then the following applies:

Np ety +Ny oty +.. 4Ny oty
n =
av
i, + ot
A
ni
np+————
| | -
T T >
| | t
| |
ngl_ ___ _ L___ |

Nayv = average motor speed in min-1
ni..n2 = motor speed in min-1
f1...to =ONtimeins SO3XXX1Pfh5

Fig. 9-6: Calculating average motor speed

In dynamic applications with short cycle times as, for example, roll feed
control and nibbling machines, acceleration and deceleration time are
taken into consideration.
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Electromagnetic Compatibility (EMC)

n n
Setytnet + ot
2 H 1 2 B

n =
av
n —_——
| |
| |
| |
| | >
| | | | | t
| | | Lo
oottt
— H in -1
Ny, = average motor speed in min
n  =motor speed in min 1
t =timeins
ty = acceltime
tg = decel time S04XXX1Pfh5

Mechanical output Py, with
several drives

Fig. 9-7: Calculating average motor speed with short cycle times

If several drives are connected, then the average mechanical output Py, is
based on average operating time.

P :P +(Pm51+ Pm52+"' +PmSn)
m mH F
G
Fe:  simultaneity factor (see Fig. 9-9: Simultaneity factor)
Pn:  average mechanical output
Pmsi1:  continuous mechanical output of servo drive 1 in kW
P nominal output for main drive (shaft output) in kW

Fig. 9-8: Calculating the mechanical output with several drives

Number of axes

Simultaneity factor Fg 1.15 1.32 1.75 2.0 2.25

Fig. 9-9: Simultaneity factor
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10 System perturbation of drive systems

Every load connected to the mains affects the form of system voltage and
current (distortion). To keep voltage and current sine-wave within
specified tolerances, it is frequently necessary to maintain limit values.
The limit values specified by the suppliers of electricity only refer to the
mains connection points (frequently on the high-voltage level of the
mains), but not to the connections within the industrial mains themselves.

The following data are guide values for Rexroth Indramat drives.

Rexroth
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10-2 System perturbation of drive systems Electromagnetic Compatibility (EMC)

10.1 Power factor DPF, cos¢1 to calculate the reactive-power
load of the mains

Definition:
The factor DPF is used to calculate the reactive-current compensation.

Pnetz real mains power
DPF =cos¢, = = .
Snetz  apparent mains power of fundamental component
Fig. 10-1: DPF

Drive controller / System voltage Uy, feed operation
supply unit 400 V 480 V 460 V 230V

fe rec fe rec fe rec fe rec
HVR 0.98 | 0.99
DKR 0.98 | 0.90 0.84 | 0.76
HVE with
smoothing reactor
GLD 0.98 0.97
HVE without
smoothing reactor
GLD 0.97 0.97
DKC...-7 0.97 0.97
KDVO04 0.57 | 0.51 0.45 | 0.40
KDV01, KDVO02 with
smoothing reactor
GLD 0.98
RAC 0.98 | 0.90 0.81 | 0.74
DKS, DDC, DKC...-3
TVM,
KDVO01, KDV02 without
smoothing reactor
GLD 0.98
KDVO03 0.98 0.89
KVR 0.98 0.90
TVD, TVR 0.97
Uy = nominal voltage of the mains between the conductors
fe = feed operation, acceleration, rec = recovery operation, deceleration

Fig. 10-2: Power factor DPF, cos$1
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10.2 Power factor TPF, A

Definition:
TPF = ) = cosg = Pnetz _ real mains-: power
Shetz  apparent mains power
Fig. 10-3:: TPF

Drive controller / System voltage Uy, feed operation
supply unit 400 V 480 V 460 V 230V

fe rec fe rec fe rec fe rec
HVR 0.97 | 0.99
DKR 0.93 | 0.84 0.77 | 0.70
HVE with
smoothing reactor GLD 0.92 0.76
HVE without
smoothing reactor GLD 0.67 0.56
DKC...-7 0.56 0.47
KDVO04 0.52 | 0.47 0.35 | 0.31
KDVO01, KDV02 with
smoothing reactor GLD 0.92
RAC 0.93 | 0.84 0.75 | 0.68
DKS, DDC, DKC...-3
TVM,
KDVO01, KDV02 without
smoothing reactor GLD 0.71
KDVO03 0.95 | 0.88
KVR 0.75 | 0.68
TVD, TVR 0.75
Uy = nominal voltage of the mains between the conductors
fe = feed operation, acceleration, rec = recovery operation, deceleration

Fig. 10-4: Power factor TPF, cos¢, based on nominal power of unit
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Electromagnetic Compatibility (EMC)

10.3 Harmonic components of mains at point of connection

Harmonic components of mains current

The following table shows the percentage of the individual harmonic
components based on the fundamental component during continuous

feed operation with nominal power of the unit.

Harmonic
component Drive controller / supply unit
HVE TVM, TVD, KDV with
HVE with without DKS, DDC smooth-
Per- Fre- smoothing smoothing KDV without ing
cent | quen- reactor reactor smoothing- reactor
age cy HVR DKR, RAC GLD GLD, DKC reactor GLD GLD
Mains voltage: 400V 480V |400V 480V |400V 480V |400V 480V |230V 230V
1)
2. 100Hz [4.0% 15% [1.3% [15% (2% 2% 2% 15%
3. 150Hz |1.0% 10% 1% 1.0% 1% 1% 1% 1.0 %
4. 200Hz |19% 05% (1% 05% [25% (1% 1% 0.5%
5. 250Hz |4.0% 32% |35% |35% (40% [90% 90 % 35 %
6. 300Hz (0.6 % 05% (1% 05% |[1% 1% 1% 0.5%
7. 350Hz |3.8% 10% 6% 12% |13% [80% 80 % 12 %
8. 400Hz (0.7 % 01% |[05% |0.1% 05% (1% 1% 0.1%
9. 450Hz |1.7% 03% |05% |0.3% 05% (1% 1% 0.3 %
10. 500Hz |15% 03% |05% |0.3% 05% (1% 1% 0.3%
11. 550Hz |0.5% 75% 6% 8% 6 % 70 % 70 % 8 %
12. 600 Hz [0.3% 05% |[05% |05% 05% (1% 1% 0.5%
13. 650 Hz | 0.5% 50% [25% |5.0% |25% |60 % 60 % 5.0 %
14. 700 Hz 0.6 % 05% |[05% |05% 05% (1% 1% 0.5%
15. 750Hz | 0.5% 03% |05% |0.3% 05% (1% 1% 0.3 %
16. 800 Hz |<0.5% 05% (1% 05% [1% 1% 1% 0.5%
17. 850 Hz | <0.5% 50% 4% 45% 3% 25 % 25 % 4.5 %
18. 900 Hz | <0.5% 05% 1% 05% |[1% 1% 1% 0.5%
19. 950 Hz | <0.5% 30% 2% 30% 2% 18 % 18 % 3.0%
20. 1000 Hz | <0.5% 01% |[04% |0.1% 04% (1% 1% 0.1%
21. 1050 Hz | <0.5% 01% |05% |0.1% 05% (1% 1% 0.1%
22. 1100 Hz | <0.5% 01% |0.3% |0.1% 03% (1% 1% 0.1%
23. 1150 Hz | <0.5% 25% |[25% |3.0% (14% [15% 15 % 3.0%
24. 1200 Hz | <0.5% 03% |05% |0.3% 05% (1% 1% 0.3%
25. 1250 Hz | <0.5% 20% 1% 25% 05% |13% 13 % 25%
1-2kHz | - <5% |- <5% | - <5% | <5% | <5% <5%
(1) = with RAC: 460 V
Fig. 10-5: Percentage of harmonic components (intermediate values can
be interpolated)
Rexroth
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Electromagnetic Compatibility (EMC)

System perturbation of drive systems 10-5

Drive controller / supply unit
HVR DKR, RAC HVE with HVE without TVM, TVD, KDV
smoothing |smoothing DKS, DDC with
reactor reactor GLD KDV without smooth-
GLD DKC...7 smoothing ing
reactor GLD reactor
GLD
400 V 480V | 400V | 480V | 400V | 480V | 400V 480V | 230V 230V
(1)
THD - total
harmonic
distortion 7.8 % 36 % 37% | 39% | 43% 156 % 156 % 39 %
Percentage
of harmonic
components | 7.8 % 34% | 35% | 36% | 40% | 84 % 84 % 36 %
Crest factor 15 1.6 1.7 1.61 1.7

(1) = with RAC: 460 V

Definitions:
_ A T
THD =Total Harmonic Distortion=_| ¥
n=2111
L: 11 = percentage of fundamental components of mains current
L: In = n™ harmonic component of mains current
L: | = amplitude of harmonic current

Fig. 10-6: THD = Total Harmonic Distortion

Crestfactor = I—
| eff

Fig. 10-7: Crest factor of nominal current

percentageof harmonic components _
alternating components

Harmonic distortion =

Fig. 10-8: THD, harmonic distortion

The alternating components are made up of fundamental component (l,)
and harmonic components (/) without direct component (/y).

Rexroth
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10-6 System perturbation of drive systems Electromagnetic Compatibility (EMC)

Harmonic components of mains voltage (voltage distortion)

Voltage harmonics depend on how the mains is set up, especially on
mains inductance or mains fault level at the points of connection. The
same load can cause different voltage harmonics on different mainsand
points of connection.

Guide values:

In a normal system, the harmonic distortion of the mains voltage when
operating Rexroth Indramat drives generally equals less than 10%. Short-
term mains power failures equal less than 20%.

Precise values can only be calculated with precise mains data (mains
topology), such as line inductance and capacity as these relate to the
points of connection.

These values, however, can temporally vary greatly depending on the
control state. This also changes the harmonic components on the mains
voltage.

Rough approximate mains data are not sufficient for a preliminary
calculation of the harmonic components, as the points of resonance
within the mains, which are always present, considerably affect the
harmonic components.

To keep the harmonic components of the mains as small as possible, it is
recommended that neither capacitors nor reactive power compensation
equipment (capacitor batteries) be connected directly to the mains. If it is,
however, absolutely necessary to do so, then these should only be
connected to the mains via reactors (inductor reactive power
compensation equipment).

Rexroth
@ Indramat
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Electromagnetic Compatibility (EMC) Index 11-1

11 Index

A

actual torque 9-3

Additional recommendations for cable routing 6-8
Ambient temperature 4-6

apparent power 4-1, 9-1

apparent power based on motor data 9-1

arrangement of the components in the control cabinet 6-2
average motor speed 9-3

B

breakdown into zones 6-1

C

cable routing of the interference-free lines to the supply connection 6-2
Cable shield connection over largest possible surface area 8-1
Calculating average motor speed with short cycle times 9-4
Causes of interference emission 3-4

CE 3-1

Commissioning the filter 7-2

Connecting the filter 7-2

Connection of mains filter 6-4

connection of motor ventilators 6-3

control voltage or auxiliary supply connection 6-2
control-power transformer without neutral conductor 6-2

cos(, based on nominal power of unit 10-3

cos(1 10-2

Crest factor of nominal current 10-5

D

Definitions and terms 3-1

Determining apparent power 9-1
Dimensions 4-3

DPF 10-2

Drive system interference emission 3-2

E

Earth conductors and shield connections 6-10
Effects of the length of the motor power cable 6-7
Electromagnetic compatibility (EMC) 3-1

EMC standards 3-1

Equipotential bonding conductor 6-9

EU directives 3-1

F

factors for calculating the apparent power 9-1, 9-2
failure to trip in case of error 6-13
false tripping without error 6-13

G

General interference suppression measures with relays, contactors, switches,
inductors and inductive loads 6-12

ground wire connection 6-3

grounding 6-3

Guide values for maximum motor cable length for reaching a certain interference
level 6-7

Rexroth
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11-2 Index

Electromagnetic Compatibility (EMC)

H

Harmonic components of mains voltage 10-6
harmonic distortion 10-5
housing and mounting plate 6-10

installation and assembly in the interference-free zone within the control cabinet
(zone A) 6-2

Installation and assembly in the interference-susceptible zone within the control
cabinet (zone B) 6-6

Installation and assembly in the zone with extensive interference within the
control cabinet (zone C) 6-7

installation and connection of a neutral conductor (N) or PEN conductor 6-2
Installing signal lines and cables 6-11

Installing the mains filter 7-1

Installing the motor power cable 8-1

interference emission 3-2

isolating transformer used to reduce leakage current in mains 6-14

L

legal requirements 3-1
Line routing 6-11

M

mains filter for AC drives 6-3

mechanical output 9-1

Mechanical output Pm of a drive 9-1
Mechanical output Pm with several drives 9-4
Metal surfaces 6-10

motor data 9-1

Motor power cables 3-2

Mounting the filter 7-1

N

NFEO1.1 4-4
NFEO2.1 4-4

O

optimum assembly of components in the cabinet 6-1
Optimum assembly of components in the cabinet 6-5
other protective measures 6-13

P

Parts used in connections 6-10

positions of normal use and installation of the filter 4-5

power factor DPF, cos(1 10-2

Power factor DPF, cos(1 to calculate the reactive-power load of the mains 10-2
power factor TPF 10-3

Power factor TPF, A 10-3

R

Reducing the spread of interference 3-4
residual-current-operated circuit-breaker 6-14
residual-current-operated circuit-breakers 6-13
routing of motor cables 6-7

S

Safety Instructions for Electric Servo Drives and Controls 2-1
Screwed joint of the filter on the mounting surface 7-1

Rexroth
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Electromagnetic Compatibility (EMC)

Index 11-3

Securing EMC demands 3-1

selecting a mains filter 4-1

selection data 9-1

shield connection and shielding for motor cable 6-9
Shield connection with 1 MB motors 6-9

Shield connection with LAF and LSF linear motors 6-9
Shielded motor power cables 5-1

Shielding 6-11

shielding of power input lines in the control cabinet 6-3
Shielding temperature monitor and brake 6-9
Simultaneity factor 9-4

single-phase filter NFE01.1-250-006 4-4

single-phase filter NFE02.1 for drives 4-4

Standards and laws 3-3

System perturbation of drive systems 10-1

T

Technical data of mains filters 4-2
THD = Total Harmonic Distortion 10-5
TPF 10-3

U

Ungrounded networks 3-3

Vv

voltage distortion 10-6
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Notes
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Service & Support 12-1

12 Service & Support

12.1 Helpdesk

Unser Kundendienst-Helpdesk im Hauptwerk Lohr
am Main steht lhnen mit Rat und Tat zur Seite.
Sie erreichen uns

+49 (0) 9352 40 50 60
Mo-Fr 07:00-18:00

- Telefonisch:
Uber Service-Call Entry Center

- per Fax: +49 (0) 9352 40 49 41

- per e-Mail: service@indramat.de

12.2 Service-Hotline

AuBerhalb der Helpdesk-Zeiten ist der Service
direkt ansprechbar unter

+49 (0) 171 333 88 26

oder +49 (0) 172 660 04 06

12.3

Weitere Hinweise zu Service,
Training finden Sie im Internet unter

Internet

Reparatur und

www.indramat.de

AuRRerhalb Deutschlands nehmen Sie bitte zuerst
Kontakt mit Ihrem lokalen Ansprechpartner auf. Die
Adressen sind im Anhang aufgefihrt.

12.4 Vor der Kontaktaufnahme...

Wir kénnen Ihnen schnell und effizient helfen wenn
Sie folgende Informationen bereithalten:

detaillierte Beschreibung der Stérung und der
Umstande.

Angaben auf dem Typenschild der betreffenden
Produkte, insbesondere Typenschlissel und
Seriennummern.

Tel.-/[Faxnummern und e-Mail-Adresse,
denen Sie fur Ruckfragen zu erreichen sind.

unter

Our service helpdesk at our headquarters in Lohr am
Main, Germany can assist you in all kinds of inquiries.
Contact us

- by phone: +49 (0) 9352 40 50 60

via Service-Call Entry Center Mo-Fr 07:00 am -6:00 pm

- byfax: +49 (0) 9352 40 49 41
- bye-mail: service@indramat.de
After helpdesk hours, contact our service

department directly at

+49 (0) 171 333 88 26
or +49 (0) 172 660 04 06

Additional notes about service, repairs and training
are available on the Internet at

www.indramat.de

Please contact the sales & service offices in your
area first. Refer to the addresses on the following
pages.

- Before contacting us...

For quick and efficient help, please have the
following information ready:

1. Detailed description of the
circumstances.

2. Information on the type plate of the affected
products, especially type codes and serial
numbers.

3. Your phone/fax numbers and e-mail address,
SO we can contact you in case of questions.

failure and
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12-2 Service & Support

Electromagnetic Compatibility (EMC)

12.5 Kundenbetreuungsstellen - Sales & Service Facilities

Verkaufsniederlassungen
Niederlassungen mit Kundendienst

Deutschland — Germany

sales agencies
offices providing service

vom Ausland:
from abroad:

(0) nach Landeskennziffer weglassen!
don’t dial (0) after country code!

Vertriebsgebiet Mitte

Germany Centre SERVICE SERVICE SERVICE
Rexroth Indramat GmbH CALL ENTRY CENTER HOTLINE ERSATZTEILE / SPARES
MO - FR MO - FR verlangerte Ansprechzeit

Bgm.-Dr.-Nebel-Str. 2
97816 Lohr am Main

Kompetenz-Zentrum Europa

von 07:00 - 18:00 Uhr

from 7 am — 6 pm

von 17:00 - 07:00 Uhr
from 5 pm -7 am
+SA /SO

- extended office time -
nur an Werktagen
- only on working days -
von 07:00 - 18:00 Uhr

*

>

Tel.: +49 (0)9352 40-0 Tel. +49 (0) 9352 40 50 60 Tel.: +49 (0)172 660 04 06 ~from 7 am - 6 pm -
. pm
IFare ) (O)ERER Avatil service@indramat.de oder / or
Tel.: +49 (0)171 333 88 26 Tel. +49 (0) 9352 40 42 22
Vertriebsgebiet Sud Gebiet Stdwest Vertriebsgebiet Ost Vertriebsgebiet Nord
Germany South Germany South-West Germany East Germany North

Rexroth Indramat GmbH
RidlerstralBe 75
80339 Munchen

Tel.: +49 (0)89 540138-30
Fax: +49 (0)89 540138-10
indramat.mue@t-online.de

Mannesmann Rexroth AG

Vertrieb Deutschland — VD-BI
Geschéftsbereich Rexroth Indramat
Regionalzentrum Sudwest
Ringstrasse 70 / Postfach 1144
70736 Fellbach / 70701 Fellbach

Tel.: +49 (0)711 57 61-100
Fax: +49 (0)711 57 61-125

Rexroth Indramat GmbH
Beckerstrale 31

09120 Chemnitz
Tel.: +49 (0)371 35 55-0
Fax: +49 (0)371 35 55-333

Mannesmann Rexroth AG
Vertriebsniederlassung Region Nord
Gesch.ber. Rexroth Indramat
Walsroder Str. 93

30853 Langenhagen

Tel.: +49 (0) 511 72 66 57-0
Fax: +49 (0) 511 72 66 57-95

Vertriebsgebiet West
Germany West

Vertriebsgebiet Mitte
Germany Centre

Vertriebsgebiet Ost
Germany East

Vertriebsgebiet Nord
Germany North

Mannesmann Rexroth AG
Vertrieb Deutschland
Regionalzentrum West
Borsigstrasse 15

40880 Ratingen

Mannesmann Rexroth AG
Gesch.ber. Rexroth Indramat
LilistralRe 14-18

63067 Offenbach

Mannesmann Rexroth AG
GB Rexroth Indramat GmbH
Holzh&user Str. 122

04299 Leipzig

Rexroth Indramat GmbH
Kieler StraRe 212
22525 Hamburg

Tel.: +49 (0)2102 409-0 Tel.: +49 (0) 69 82 00 90-0 Tel.: +49 (0)341 86 77-0 Tel.: +49 (0) 40 81 955 966

Fax: +49 (0)2102 409-406 Fax: +49 (0) 69 82 00 90-80 Fax: +49 (0)341 86 77-219 Fax: +49 (0) 40 85 418 978
Rexroth
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Europa — Europe

vom Ausland: (0) nach Landeskennziffer weglassen,
don’t dial (0) after country code, Italy:

from abroad:

Italien: 0 nach Landeskennziffer mitwéhlen
dial 0 after country code

Austria - Osterreich

Austria - Osterreich

Belgium - Belgien

Denmark - Danemark

Mannesmann Rexroth Ges.m.b.H. Mannesmann Rexroth G.m.b.H. Mannesmann Rexroth N.V.-S.A. BEC AS

Gesch.ber. Rexroth Indramat Gesch.ber. Rexroth Indramat Gesch.ber. Rexroth Indramat Zinkvej 6

Hagelingasse 3 Industriepark 18 Industrielaan 8 8900 Randers

1140 Wien 4061 Pasching 1740 Ternat

Tel.: +43 (0)1 9852540-400 Tel.: +43 (0)7221 605-0 Tel.: +32 (0)2 5830719 Tel.: +45 (0)87 11 90 60

Fax: +43 (0)1 9852540-93 Fax: +43 (0)7221 605-21 Fax: +32 (0)2 5830731 Fax: +45 (0)87 11 90 61
indramat@rexroth.be

Czech Republic - Tschechien England Finland - Finnland France - Frankreich

Mannesmann-Rexroth, spol.s.r.o.
Hviezdoslavova 5

627 00 Brno
Tel.: +420 (0)5 48 126 358
Fax: +420 (0)5 48 126 112

Mannesmann Rexroth Ltd.
Rexroth Indramat Division
Broadway Lane, South Cerney
Cirencester, Glos GL7 5UH

Tel.: +44 (0)1285 863000
Fax: +44 (0)1285 863030

Rexroth Mecman Oy
Rexroth Indramat division
Ansatie 6

017 40 Vantaa

Tel.: +358 (0)9 84 91-11
Fax: +358 (0)9 84 91-13 60

Mannesmann Rexroth S.A.
Division Rexroth Indramat
Parc des Barbanniers

4, Place du Village

92632 Gennevilliers Cedex

Tel.: +33 (0)141 47 54 30
Fax: +33 (0)147 94 69 41
Hotline:  +33 (0)608 33 43 28

France - Frankreich

France - Frankreich

Hungary - Ungarn

ltaly - Italien

Mannesmann Rexroth S.A.
Division Rexroth Indramat
270, Avenue de Lardenne
31100 Toulouse

Mannesmann Rexroth S.A.
Division Rexroth Indramat
91, Bd. Iréne Joliot-Curie

69634 Vénissieux — Cedex

Mannesmann Rexroth Kft.
Angol utca 34
1149 Budapest

Mannesmann Rexroth S.p.A.
Divisione Rexroth Indramat
Via G. Di Vittoria, 1

20063 Cernusco S/N.MI

Tel.: +33 (0)5 61 49 95 19 Tel.: +33 (0)4 78 78 53 65 Tel.: +36 (1) 364 00 02 Tel.: +39 02 2 365 270
Fax: +33 (0)5 61 31 00 41 Fax: +33 (0)4 78 78 53 62 Fax: +36 (1) 383 19 80 Fax: +39 02 700 408 252378
Italy - Italien ltaly - Italien ltaly - Italien ltaly - Italien

Mannesmann Rexroth S.p.A.
Divisione Rexroth Indramat
Via Borgomanero, 11

10145 Torino
Tel.: +39011 7503811
Fax: +39 011 7 71 01 90

Mannesmann Rexroth S.p.A.
Divisione Rexroth Indramat

Via del Progresso, 16 (Zona Ind.)
35020 Padova

Tel.: +390498 701370
Fax: +390498 701377

Mannesmann Rexroth S.p.A.
Divisione Rexroth Indramat
Via Mascia, 1

80053 Castellamare di Stabia NA
Tel.: +39 081 8 71 57 00
Fax: +39 081 8 71 68 85

Mannesmann Rexroth S.p.A.
Divisione Rexroth Indramat
Viale Oriani, 38/A

40137 Bologna

Tel.: +39 051 34 14 14
Fax: +39 051 34 14 22

Netherlands - Niederlande/Holland

Netherlands - Niederlande/Holland

Norway - Norwegen

Poland - Polen

Rexroth B.V.
Kruisbroeksestraat 1

(P.O. Box 32)

5281 RV Boxtel

Tel.: +31 (0)411 65 19 51
Fax: +31 (0)411 65 14 83
indramat@hydraudyne.nl

Rexroth Hydrocare B.V.
Kruisbroeksestraat 1
(P.O. Box 32)

5281 RV Boxtel

Tel.: +31 (0)411 65 19 51
Fax: +31 (0)411 67 78 14

Rexroth Mecman AS

Rexroth Indramat Division
Berghagan 1 or: Box 3007
1405 Ski-Langhus 1402 Ski

Tel.: +47 (0)64 86 41 00
Fax: +47 (0)64 86 90 62

Mannesmann Rexroth Sp.zo.o.
Biuro Poznan

ul. Dabrowskiego 81/85
60-529 Poznan

Tel.: +48 061 847 67 99
Fax: +48 061 847 64 02

Rumania - Ruménien

Russia - Russland

Spain - Spanien

Spain - Spanien

Mannesmann Rexroth Sp.zo.o.
Str. Drobety nr. 4-10, app. 14
70258 Bucuresti, Sector 2

Tel.; +40 (0)1 210 48 25
+40 (0)1 210 29 50
Fax: +40 (0)1 210 29 52

Tschudnenko E.B.
Arsenia 22
153000 Ivanovo

Tel.: +7 093 223 96 33
oder/or +7 093 223 95 48
Fax: +7 093 223 46 01

Mannesmann Rexroth S.A.
Division Rexroth Indramat
Centro Industrial Santiga
Obradors s/n

08130 Santa Perpetua de Mogoda
Barcelona

Tel.: +34 9 37 47 94 00
Fax: +34 937479401

Goimendi S.A.

Divisién Rexroth Indramat
Parque Empresarial Zuatzu
C/ Francisco Montagne no.2
20018 San Sebastian

Tel.: +34943318421
- service: +34 943 31 84 56
Fax: +34 943318427
- service: +34 943 31 84 60

satindramat-goimendi@adegi.es

Sweden - Schweden

Slowenia - Slowenien

Switzerland East - Schweiz Ost

Switzerland West - Schweiz West

Rexroth Mecman Svenska AB
Rexroth Indramat Division

DOMEL elektromotoriji
in gospodinjski aparati d.d.

Mannesmann Rexroth Schweiz AG
Gesch.ber. Rexroth Indramat

Mannesmann Rexroth Suisse SA
Département Rexroth Indramat

Varuvagen 7 Otoki 21 Gewerbestrale 3 Rue du village 1

125 81 Stockholm 4228 Zelezniki 8500 Frauenfeld 1020 Renens

Tel.: +46 (0)8 727 92 00 Tel.: +386 451 17 100 Tel.: +41 (0)52 720 21 00 Tel.: +41 (0)21 632 84 20

Fax: +46 (0)8 647 32 77 Fax: +386 451 17 225 Fax: +41 (0)52 720 21 11 Fax: +41 (0)21 632 84 21

Turkey - Turkei

Mannesmann Rexroth Hidropar A..S.

Fevzi Cakmak Cad No. 3

34630 Sefakdy Istanbul

Tel.: +90 212 541 60 70

Fax: +90 212 599 34 07

Rexroth
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Africa, Asia, Australia — incl. Pacific Rim

vom Ausland: (x) nach Landeskennziffer weglassen!
from abroad: don’t dial (x) after country code!
Australia - Australien Australia - Australien China China

AIMS - Australian Industrial
Machinery Services Pty. Ltd.
Unit 3/45 Horne ST

Mannesmann Rexroth Pty. Ltd.
No. 7, Endeavour Way
Braeside Victoria, 31 95

Shanghai Mannesmann Rexroth
Hydraulics & Automation Ltd.
Wai Gaogiao Free Trade Zone

Mannesmann Rexroth (China) Ldt.
15/F China World Trade Center
1, Jianguomenwai Avenue

Campbellfield , VIC 3061 Melbourne No.122, Fu Te Dong Yi Road Beijing 100004, P.R.China

Melbourne Shanghai 200131 - P.R.China

Tel.: +61 (0)3 93 59 02 28 Tel.: +61 (0)3 95 80 39 33 Tel.: +86 21 58 66 30 30 Tel.: +86 10 65 05 03 80

Fax: +61 (0)3 93 59 02 86 Fax: +61 (0)3 9580 17 33 Fax: +86 21 58 66 55 23 Fax: +86 10 65 05 03 79
mel@rexroth.com.au

China China Hongkong India - Indien

Mannesmann Rexroth (China) Ldt.
A-5F., 123 Lian Shan Street

Sha He Kou District

Dalian 116 023, P.R.China

Mannesmann Rexroth (China) Ldt.
Guangzhou Repres. Office

Room 1014-1016, Metro Plaza,
Tian He District, 183 Tian He Bei Rd
Guangzhou 510075, P.R.China

Rexroth (China) Ldt.

1/F., 19 Cheung Shun Street
Cheung Sha Wan,

Kowloon, Hongkong

Mannesmann Rexroth (India) Ltd.
Rexroth Indramat Division

Plot. A-58, TTC Industrial Area
Thane Turbhe Midc Road
Mahape Village

Navi Mumbai - 400 701

Tel.: +86 411 46 78 930 Tel.: +86 20 8755-0030 Tel.: +852 22 62 51 00

Fax: +86 411 46 78 932 +86 20 8755-0011 Fax: +852 27 41 33 44 Tel.: +91 (0)22 7 61 46 22
Fax: +86 20 8755-2387 Fax: +91 (0)22 7 68 15 31

India - Indien Indonesia - Indonesien Japan Japan

Mannesmann Rexroth (India) Ltd.
Rexroth Indramat Division

Plot. 96, Phase llI

Peenya Industrial Area
Bangalore - 560058

PT. Rexroth Wijayakusuma
JI. Raya Bekasi Km 21
Pulogadung

Jakarta Timur 13920

Rexroth Automation Co., Ltd.
Service Center Japan
Yutakagaoka 1810, Meito-ku,
NAGOYA 465-0035, Japan

Tel.: +81 (0)52 777 88 41

Rexroth Automation Co., Ltd.
Rexroth Indramat Division

1F, I.R. Building

Nakamachidai 4-26-44, Tsuzuki-ku
YOKOHAMA 224-0041, Japan

Tel.: +91 (0)80 839 73 74 Tel.: +62 21 4 61 04 87 +81 (0)52 777 88 53 Tel.: +81 (0)45 942 72 10
Fax: +91 (0)80 8 39 43 45 +62 21 4 61 04 88 +81 (0)52 777 88 79 Fax: +81 (0)45 942 03 41
Fax: +62 21 4 60 01 52 Fax: +81 (0)52 777 89 01

Korea Malaysia South Africa - Sudafrika Taiwan

Mannesmann Rexroth-Korea Ltd.
Rexroth Indramat Division
1500-12 Dadae-Dong- Saha-Ku
Pusan, 604-050

Republic of South Korea

Tel.: +82 (0)51 26 00 741
Fax: +82 (0)51 26 00 747
gyhan@rexrothkorea.co.kr

Mannesmann Rexroth SDN.BHD.
Head Office

No. 3, Block B, Jalan SS 13/5
Subang Jaya Industrial Estate
47500 Petaling Jaya - Selangor

Tel.: +60 (0) 3 73 44 870
Fax: +60 (0) 3 73 44 864

TECTRA Automation (Pty) Ltd.
28 Banfield Road,Industria North
RSA - Maraisburg 1700

Tel.: +27 (0)11 673 20 80
Fax: +27 (0)11 673 72 69

Rexroth Uchida Co., Ltd.
No.17, Lane 136, Cheng Bei 1 Rd.,
Yungkang, Tainan Hsien

Taiwan, R.O.C.
Tel.: +886 (0)6 25 36 565
Fax: +886 (0)6 25 34 754

Thailand

NC Advance Technologies Co. Ltd.
59/76 Moo 9

Soi Ramintra 34

Ramintra Road, Tharang, Bangkhen
Bangkok 10220

Tel.: +66 2 943 70 62
+66 2943 7121

Fax: +66 2 509 23 62

sonkawin@hotmail.com

Rexroth
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Electromagnetic Compatibility (EMC)

Service & Support 12-5

Nordamerika — North America

USA
Hauptniederlassung - Headquarters

USA Central Region - Mitte

USA Southeast Region - Stidwest

USA SERVICE-HOTLINE

Mannesmann Rexroth Corporation
Rexroth Indramat Division

5150 Prairie Stone Parkway
Hoffman Estates, IL 60192-3707

Competence Centre America

Tel.: +1 847 6 45 36 00
Fax: +1 847 6 45 62 01
service@indramat.com

Mannesmann Rexroth Corporation
Rexroth Indramat Division

Central Region Technical Center
Auburn Hills, MI 48326

JIE[E +1 248 393 33 30
Fax: +1 248 393 29 06

Mannesmann Rexroth Corporation
Rexroth Indramat Division
Southeastern Technical Center
3625 Swiftwater Park Drive
Suwanee, Georgia 30174

Tel.: +1770932 3200
Fax: +17709321903

- 7 days x 24hrs -

+1-800-860-1055

USA Northeast Region — Nordost

USA Northeast Region — Nordost

Canada East - Kanada Ost

Canada West - Kanada West

Mannesmann Rexroth Corporation
Rexroth Indramat Division
Charlotte Regional Sales Office
14001 South Lakes Drive
Charlotte, North Carolina 28273

Tel.: +1 7045839762
+17045 83 14 86

Mannesmann Rexroth Corporation
Rexroth Indramat Division
Northeastern Technical Center

99 Rainbow Road

East Granby, Connecticut 06026

Tel.: +1860 8 44 83 77
Fax: +1 860 8 44 85 95

Basic Technologies Corporation
Burlington Division

3426 Mainway Drive

Burlington, Ontario

Canada L7M 1A8

Tel.: +1 90533555 11
Fax: +1 905 335-41 84

Basic Automation Burnaby
5345 Goring St.

Burnaby, British Columbia
Canada V7J 1R1

Tel. +1 604 205-5777
Fax +1 604 205-6944
dave.gunby@basic.ca

Sudamerika — South America

Argentina - Argentinien

Argentina - Argentinien

Brazil - Brasilien

Brazil - Brasilien

Mannesmann Rexroth S.A.I.C.
Division Rexroth Indramat
Acassusso 48 41/7

RA - 1605 Munro (Buenos Aires)

Tel.: +54 (0)11 4756 01 40
Fax: +54 (0)11 4762 6862
mannesmann@mannesmannsaic.com.ar

NAKASE

Servicio Tecnico CNC
Calle 49, No. 5764/66
RA - 1653 Villa Balester
Prov. - Buenos Aires

Tel.: +54 (0) 11 4768 36 43
Fax: +54 (0) 11 4768 24 13
nakase@usa.net
nakase@infovia.com.ar

Mannesmann Rexroth
Automacéo Ltda.

Divisdo Rexroth Indramat
Rua Georg Rexroth, 609

Vila Padre Anchieta

BR - 09951-270 Diadema-SP
[ Caixa Postal 377 ]

[ BR-09901-970 Diadema-SP ]

Tel.: +55 (0)11 4075 90 60
+55 (0)11 4075 90 70
Fax: +55 (0)11 4075 90 50

awittwer@rexroth.com.br

Mannesmann Rexroth

Automacao Ltda.

Diviséo Rexroth Indramat

R. Dr.Humberto Pinheiro Vieira, 100
Distrito Industrial

BR - 89220-390 Joinville - SC

[ Caixa Postal 1273 ]

Tel./Fax: +55 (0)47 473 58 33
Mobil: +55 (0)47 974 66 45
prochnow@zaz.com.br

Mexico

Mannesmann Rexroth Mexico S.A.
de C.V.

Calle Neptuno 72

Unidad Ind. Vallejo

MEX - 07700 Mexico, D.F.

Tel.: +525754 1711
+52 5754 36 84
+52 5754 12 60
Fax: +525 75450 73
+52 5752 59 43
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