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Structure of the
documentation

Additional infor-
mation

My Documentation
Manager

Training

Reader’s note

The Configuration Manual describes a reference state, which when
observed, ensures the required reliable operation and compliance with
the standards that have been taken into account.

For deviations from the requirements laid down in the Configuration
Manual, suitable measures must be applied, for example, measure-
ments, securing or verifying that the required reliable operation is guar-
anteed and that the standards to be taken into account are complied
with from a regulatory perspective.

The documentation must be completely read, understood and taken
into account before the devices are commissioned.

If parts of the documentation have not been adequately understood,
then please contact your local Siemens person before you continue to
work with the devices.

The contents of this document are neither part of an earlier or existing
agreement, commitment or contractual relationship, nor do they
change this. Siemens is obliged to fulfill all requirements specified in
the applicable sales contract, which also contains all the valid terms of
warranty.

Any statements contained herein neither create new warranties nor
modify the existing warranty.

The SIMODRIVE documentation is subdivided into the following levels:

General Documentation/Catalogs
User Documentation

Manufacturer/Service Documentation

You can find information on the following topics under the following link:
Ordering documentation/overview of documents
Links to download documents

Using documentation online (searching and scanning through manuals/in-
formation)

http://www.siemens.com/motioncontrol/docu

If you have any questions regarding the technical documentation (e.g., sugges-
tions, corrections), then please send an e—mail to the following address

docu.motioncontrol@siemens.com

Information is provided under the following link as to how you can individually
compile documentation based on Siemens content, and adapt this for your own
machine documentation:

http://www.siemens.com/mdm

Information about SITRAIN — Siemens training courses for products, systems
and solutions in automation technology — is provided under the following link:

http://www.siemens.com/sitrain

Siemens AG 2013 All Rights Reserved
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06.13

FAQs

Target group

Technical Support

Certificates

Vi

You can find Frequently Asked Questions in the Service&Support pages under
Product Support:

http//support.automation.siemens.com

This documentation addresses machine manufacturing companies (OEMs) that
wish to configure, construct and commission a drive line—up based on
SIMODRIVE components.

Local country telephone numbers for technical support are provided in the Inter-
net under Contact:

http://support.automation.siemens.com

You will find the certificates for the products described in this documentation in
the Internet: http://www.support.automation.siemens.com

under the Product/Order No. 15257461
or contact the relevant branch office of the A&D MC group of Siemens AG.

All declarations of conformity and certificates such as CE, UL, etc., are per-
formed with the system components described in the associated Configuration
Manuals or catalogs and, thus, are only valid if the described components are
used in the device or facility.

Note

The use of components not released by Siemens may require the user to
prepare new certificates/declarations of conformity.

Siemens AG 2013 All Rights Reserved
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Repairs

/N

Proper use

/N

Definition:
Who are qualified
personnel?

Objectives

Note

Repairs may be performed only by workshops authorized by Siemens who
must use genuine spare parts. Unauthorized repairs and the use of other spare
parts can result in personal injuries and property damage as well as loss of UL
approvals and safety functions, such as Safety Integrated.

Warning

SIMODRIVE converters are used in high voltage installations and are operated
at voltages that when touched can cause serious injuries or death!

Note the following:

Warning

Siemens products may only be used for the intended use in applications
described in the catalog and the associated technical documentation. If
third—party products and components are used, then these must either be
recommended or certified by Siemens. The perfect and safe operation of
products assumes that they have been correctly transported, correctly stored,
located, mounted, installed, commissioned, operated and maintained. The
permissible environmental conditions must be complied with.

Information and instructions in the associated documentation must be
observed.

Setup and operation of the device/equipment/system in question must only be
performed using this documentation. Commissioning and operation of a device/
system may only be performed by qualified personnel. Qualified personnel as
referred to in the safety instructions in this documentation are persons autho-
rized to start up, ground, and label devices, systems, and circuits in accordance
with the relevant safety standards.

This Configuration Manual provides all of the detailed information required to
use and handle SIMODRIVE components.

Should you wish for additional information or should exceptional problems arise
that are not addressed in sufficient detail in this manual, you can request the
required information from your local Siemens office.

The Configuration Manual describes a modular drive system. It is permissible to
use the constellations and general versions described here. All other combina-
tions must be separately and individually released by Siemens.

Siemens AG 2013 All Rights Reserved B
SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition Vil
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Information for
using this Manual

Safety information

viii

The following should be observed when using this manual:

1. Help: The following help is available for the reader:
Complete table of contents

Header line (as orientation):

the main chapter is in the upper header line
the sub—chapter is in the lower header line
Appendix with

— Abbreviations and List of References

— Index

If you require information regarding a specific term, then look for this in
the Appendix under the Chapter "Index”.

The Chapter number as well as the page number is specified where in-
formation on this term can be found.

2. Edition of the documentation:

The history of the document editions is summarized in the printing history.
The header of the document indicates the current edition (12/2006).

Reader’s note

Only the digital components for a SIMODRIVE group with High Performance/
High Standard and 611 universal modules are described in Edition A10.04 and
higher. Please refer to the overview in Chapter 4.1 regarding from which
software releases, use is possible.

The descriptions for the relevant controls in the Configuration Manual, Edition
02.03, still remain valid for the analog components that have been discontinued
(not for new configurations)!

This documentation contains information that must be observed to ensure your
personal safety and to prevent material damage. The instructions for your per-
sonal safety are marked by a warning triangle. Instructions relating solely to
material damage are not marked by a warning triangle. The warnings appear in
decreasing order of risk as given below.

Danger

indicates that death or serious injury will result if proper precautions are not
taken.

Warning

indicates that death or serious injury may result if proper precautions are not
taken.

Siemens AG 2013 All Rights Reserved
SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition
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Forword

Additional
information

Caution

with a safety alert signal indicates that minor personal injury can result if proper
precautions are not taken.

Caution

without a safety alert symbol, indicates that property damage can result if
proper precautions are not taken.

Notice

indicates that an undesirable result or state may arise if the relevant note is not
observed.

Note

This symbol indicates important information about the product or part of the
document, where the reader should take special note.

Reader’s note

This symbol is shown, if it relates to important information which the reader
must observe.

Technical information

Warning: High leakage current

As a result of the high switching frequencies, capacitances (parasitic and
integrated) with respect to ground may cause high leakage currents. This is the
reason that a permanent PE connection is required at the control cabinet and
at the line filter!

Measures according to EN 50178/94 Part 5.3.2.1 must be implemented, e.g.

1. Copper protective conductor with a minimum cross—section of 10 mm?
should be connected, or

2. A second conductor should be connected in parallel with the protective
conductor through separate terminals.

This conductor must also fully meet the requirements for PE conductors
according to IEC 364-5-543.

Siemens AG 2013 All Rights Reserved .
SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition IX
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Note

The SIMODRIVE 611 drive converter system can be directly connected to TN
line supplies with rated voltages 3—ph. 380 V AC (with derating), 3—ph. 400 V
AC, 3—ph. 415 V AC and 3—ph. 480 V AC. Matching transformers, which are
tailored to the system, are available to connect the system to other line supply
types, for example, to IT or TT line supplies.

Upstream devices providing protection against hazardous leakage currents or
for fire protection (such as residual—current protective devices) must be
AC/DC-sensitive in accordance with the requirements of DIN EN 50178. In the
case of other residual current protective devices, a transformer with separate
windings must be connected upstream of the converter for purposes of
decoupling. See Chapter 7.

Warning

When electrical equipment is operated, certain parts of this equipment are
inevitably under dangerous voltage.

Incorrect handling of these units, i.e. not observing the warning information, can
therefore lead to death, severe bodily injury or significant material damage.

Only appropriately qualified personnel may commission/start up this
equipment.

These personnel must be thoroughly familiar with all warnings and
maintenance procedures described in these operating instructions.

Perfect, safe and reliable operation of the equipment assumes that it has been
appropriately transported and repaired and professionally stored, mounted and
installed as well as carefully operated and serviced. Failure to observe these
requirements can endanger the user (electrical shock, fire hazard) or damage
the device.

Hazardous axis motion can occur when working with the equipment.

Further, all of the relevant national, local land plant/system—specific regulations
and specifications must be taken into account.

Caution

The DC link discharge voltage hazard warning in the local language must be
clearly attached to the appropriate modules.

Note

When handling cables, please observe the following:
are not damaged
they may not be stressed,

they may not come into contact with rotating components.

Siemens AG 2013 All Rights Reserved
SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition
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Notice

M600 and M500 are not PE voltages. Hazardous voltages of between
300 ... 400 V with respect to PE are present at the terminals. These potentials
(voltages) may not be connected to PE.

Note

The machine builder must ensure that the voltage drop between the start of the
consumer’s installation and the power drive system (PDS) does not exceed 4%
when operating with rated values.

Warning

The "protective separation” can only be guaranteed when using the
components permitted/certified by Siemens for the system.

"Protective separation” can only be guaranteed when it is absolutely certain
that the system components have the appropriate degree of protection.

The ensure "protective separation”, the shield of the brake cable must be
connected to PE through the largest possible surface area.

"Protective separation” is required between the temperature sensor and motor
winding.

If these limitations and constraints are not carefully observed then this can
result in injury due to electric shock.

Warning

Start—up/commissioning is absolutely prohibited until it has been ensured that
the machine in which the components described here are to be installed, fulfills
the regulations/specifications of the Directive 89/392/EEC. If this is not
observed, this can result in injury.

Warning

The information and instructions in all of the documentation supplied and any
other instructions must always be observed to eliminate hazardous situations
and damage.

For special versions of the machines and equipment, the information in the
associated catalogs and quotations applies.

Further, all of the relevant national, local land plant/system—specific
regulations and specifications must be taken into account.

All work should be undertaken with the system in a no—voltage condition!

If this is not observed, this can result in injury.

Siemens AG 2013 All Rights Reserved .
SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition Xl
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i t Warning
Even after the disconnection of all power, a dangerous residual voltage greater
than 60 Vpc can still be present. With capacitor modules, this hazardous
voltage can be present for up to 30 min.
In order to ensure that no hazardous voltages are present, the voltage must be
first carefully measured (generator principle when motors are rotating). If this is
not observed, then this can result in injury due to electric shock.

For this reason, opening the device or removing the cover is permitted only
after up to 30 minutes have elapsed (depending on the degree of expansion)
since the device was switched to the voltage—free state. All covers must be
reattached before the line voltage is switched on. Operation of the plant with
damaged DC link covers is not permitted!

Danger of death!
Touching live terminals, cables or device parts can result in serious injury or
death!

i t Warning
Do not switch off devices, e.g. using a line supply isolating device (main
switch), before disabling the pulse inhibit (T 48) on the infeed/regenerative
feedback modules. Otherwise, the device can be destroyed along with other
devices in the control cabinet.

Warning

The rated current of the connected motor must match the rated converter
current. If this is not the case, then the protection of the motor cables is no
longer guaranteed. The cross—section of the motor feeder cable must be
dimensioned for the rated drive converter current. If this is not carefully
observed, cables can overheat and can even cause an equipment fire.

Caution

When using mobile radios (e.g. cellular phones, mobile phones, 2—way radios)
with a transmission power of > 1 W close to the equipment (< 1.5 m) the
function of the equipment can be disturbed.

Note

This device/module is an open-type device corresponding to UK 50 and, thus,
may only be operated in enclosures/cabinets that ensure protection against
mechanical damage. To ensure protection against mechanical damage, the
devices may only be operated in enclosures/cabinets with degree of protection
IP54 in accordance with EN 60529.

B Siemens AG 2013 All Rights Reserved
Xl SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition
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Note

The terminal blocks of the SIMODRIVE 611 modules are used for electrical
connection of the particular module. If the terminal blocks are used for another
purpose (e.g. to carry the module), this can damage the module. If the
insulation is damaged, then this can cause injury due to electric shock.

Note

For a minimum fault current, the machine manufacturer must ensure that the
upstream overcurrent protection devices trip within 5 s (see Chapter 7.3; Table
7-5 and Fig. 7-8

Note

The following secondary conditions/limitations must be carefully observed if the

machine is subject to a high—voltage test:

1. Power—down the unit.

2. Withdraw the overvoltage module in order to prevent the voltage limiting
responding.

3. Disconnect the line filter so that the test voltage does not dip.

4. Connect M600 to PE through resistor 100 kQ (the grounding clip in the NE
modules is open). In the factory, the units are subject to a high—voltage test

at 2.25 kVpc phase—PE. The NE modules are shipped with the grounding
clip open.

5. The maximum permissible voltage for a high—voltage machine test is
1.kVpc phase—PE.

i t Danger
The control and drive components for a power drive system (PDS) are allowed
for industrial and commercial use in industrial networks. Their use in public
networks requires a different configuration and/or additional measures.

Siemens AG 2013 All Rights Reserved
SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition Xl
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ESDS information ElectroStatic Discharge Sensitive Devices
and instructions

Components, which can be destroyed by electrostatic discharge are individual
components, integrated circuits, or boards, which when handled, tested, or
transported, could be destroyed by electrostatic fields or electrostatic
discharge. These components are referred to as ESDS (ElectroStatic
Discharge Sensitive Devices).

Handling ESDS modules:

When handling devices which can be damaged by electrostatic discharge,
personnel, workstations and packaging must be well grounded!

Generally, electronic modules may not be touched unless work has to be

carried out on them.

Personnel may only touch components if

— they are continuously grounded through ESDS wristlets,

— they wear ESDS shoes, ESDS shoe grounding strips in conjunction with
an ESDS floor surface.

Boards/modules must only be placed on conductive surfaces (table with
ESDS surface, conductive ESDS foam, ESDS packaging, ESDS transport
container).

Modules may not be brought close to data terminals, monitors or television
sets (minimum clearance to the screen > 10 cm).

Do not bring ESDS—sensitive modules into contact with chargeable and
highly—insulating materials, such as plastic sheets, insulating table tops or
clothing made of synthetic materials.

Measuring work may only be carried out on the components if

— the measuring unit is grounded (e.g. via a protective conductor) or

— when floating measuring equipment is used, the probe is briefly

discharged before making measurements (e.g. a bare—metal control
housing is touched).

i t Warning
If static discharge occurs on surfaces or interfaces that cannot be easily
accessed, malfunctions and/or defects will result.

i t Warning
When the system boots, this represents a critical operating state with increased

risk. In this phase, especially when activating drives, it is not permissible that
personnel are close to the hazardous area.

i t Warning
After hardware and/or software components have been modified or replaced, it
is only permissible that the system runs—up and the drives are activated with
the protective devices closed (could possibly result in death). Personnel shall
not be present within the danger zone.

It may be necessary to carry—out a new, partial or complete acceptance test
after every change or replacement.

Before entering the hazardous area, it should be carefully checked that all of
the drives exhibit stable behavior by briefly moving the drives in both directions

(+1-).

. Siemens AG 2013 All Rights Reserved
XV SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition
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Warning

If the "safe standstill” function or a stop function, Category 0 in accordance with
EN 60204-1, is activated, the motor can no longer provide any torque. As a
result of this, potentially hazardous motion can occur, e.g. for:

When the drive axes are subject to an external force.
Vertical and inclined axes without weight equalization.
Axes that are moving (coasting down).

Direct drives with low friction and self—clocking behavior.

Possible hazards must be clearly identified using a risk analysis that must be
carried out by the manufacturer. Using the assessment based on this risk
analysis, it must be defined as to which additional measures are required (e.g.
external brakes).

Warning

If the "safe standstill” function is activated, when a fault condition occurs, the
mechanical axis system can make a jerky movement (possibility of injury,
crushing) as a result of the principle of operation. The magnitude of this
movement depends on the following parameters:

Design/configuration and mechanical ratios between the motor/mechanical
system.

Speed and acceleration capability of the motor
Magnitude of the selected monitoring clock cycle.

Size of the selected standstill tolerance window.

The danger and warning information above must always be unconditionally ob-
served in order to avoid personal injury and property damage.

Siemens AG 2013 All Rights Reserved
SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition XV
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Health and safety
in the workplace

XVi

The professional associations for precision and electrical engineering specify
limits for electrical load in the workplace. Compliance with Federal Emission
Control Law is mandatory in the Federal Republic of Germany!

Adherence to the RFI suppression limits for EMC does not also ensure adher-
ence to the requirements for workplaces.

In particular, machine construction, control cabinet structure, shop environment,
infeed conditions and other installations have a substantial impact on adher-
ence to the limits required by the trade association for the respective workplace.

Therefore, the operator must always clarify whether wearers of pacemakers
may be employed at the planned workplace without endangering their health.

Siemens AG 2013 All Rights Reserved
SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition
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Residual risks When carrying out a risk assessment of the machine in accordance with the EU
Machinery Directive, the machine manufacturer must consider the following
residual risks associated with the control and drive components of a power drive
system (PDS).

1. Unintentional movements of driven machine components during commis-
sioning, operation, maintenance, and repairs caused by, for example:

— Hardware defects and/or software errors in the sensors, controllers,
actuators, and connection technology

— Response times of the controller and drive
— Operation outside the specification
— Errors when parameterizing, programming and wiring

— Use of radio devices/cellular phones in the immediate vicinity of the
controller

— External effects
2. Exceptional temperatures as well as emissions of light, noise, particles, or
gas caused by, for example:
— Component malfunctions
— Software errors
— Operation outside the specification
— External effects

3. Hazardous shock voltages caused by, for example:
— Component malfunctions
— Static charges
— Operation outside the specification
— Condensation/conductive contamination
— External effects

4. Electrical, magnetic, and electromagnetic fields that can pose a risk to
people with a pacemaker and/or implants if they are too close.

5. Emission of pollutants if components or packaging are not disposed of
properly.

An assessment of the residual risks (see points 1 to 5 above) established that
these risks do not exceed the specified limit values (risk priority number in
accordance with EN 60812 RPZ = 100).

For additional information, refer to the relevant sections of the Configuration
Manual.

i t Warning
In case of failure exceptional high temperatures including open fire within and
outside the inverter as well as emissions of light, noise, particles, or gas can
appear caused by e.g.

Component malfunctions
Software errors

Operating and/or ambient conditions not within the scope of the
specification
External influences / damage

These open type/IP20 inverters must be installed inside a metal enclosure (or
be protected by another equivalent measure) sufficient to prevent all contact
with fire, within and outside the inverter.

Siemens AG 2013 All Rights Reserved B
SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition XVl
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At the present time, other known residual risks are:

Acceleration of the spindle or axes due to:

— Encoder errors, e.g. errors in the absolute measuring system (CD track),
loose contacts in encoder cables or unsuitable encoders.

— Cyclically interchanged phases of the motor connections
(V-W-U instead of U-V-W).

— Interchanged control sense.
— Electric faults (defective components, etc.).

— Operation of a demagnetized synchronous motor with saturation—based
pole position identification.

— Transfer of an incorrect, but plausible actual value in absolute measuring
systems (encoder does not signal an error).

If two power transitions in the inverter are simultaneously destroyed, de-
pending on the motor pole number, this can cause brief axis movement.

— Example: Synchronous motor:

For a 6—pole synchronous motor, the maximum mechanical motion
on the motor shaft can be 30 degrees.

With a ballscrew that is directly driven (e.g. 10 mm per revolution) this
corresponds to a maximum linear motion of approximately 0.8 mm.

— Example, synchronous linear motor:

For a synchronous linear motor, the movement can be a maximum of
one pole width, refer to the Motors Configuration Manual.

For a 1-encoder system, encoder faults are detected by various HW and
SW monitoring functions. It is not permissible that these monitoring functions
are deactivated and they must be parameterized carefully.

Stop function Category 0 according to EN 60204—1 means that the spindle/
axes are not braked. Depending on the kinetic energy involved, they can
coast—down for a long time.

This must be integrated in the logic of the protective door interlocking (e.g.
with a logic operation with the signal n < nx).

Violation of limits may briefly lead to a speed higher than the speed setpoint,
or the axis may pass the defined position to a certain extent, depending on
the dynamic response of the drive and on parameter settings (MD).

Parameterization and programming errors made by the machinery construc-
tion OEM cannot be identified. The required level of safety can only be
assured by a thorough and careful acceptance testing.

When replacing power modules or motors, the same type must always be
used as otherwise the selected parameters may result in different re-
sponses.

When an encoder is replaced, the axis involved must be re—calibrated.

If the line infeed units are connected to the line supply, where the minimum

short—circuit current is not reached, then the overcurrent protection devices
will not be able to trip within the appropriate time. There is a risk of fire in the
case of a fault!

Siemens AG 2013 All Rights Reserved
XVII SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition
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Overview of the Drive System

1.1 Overview of SIMODRIVE 611
Supply system
e
! '
. Transformer
(optional) '
! '
1 1
, Switches, contactors, fuses .
Chapter7 ' ‘ '
! '
! Filter Optional
L - - - - - - - - - - - - - - - - -
' Reactor '
Chapter6 ‘ !
, Infeed ,
- - - - - - - - -| - - - - - - - - J
E.g.
Power module 611 digital
Chapter 4 Closed-loop ~ 611 universal
control <
Chapter 5
Cable, reactor,
VPM, cable
protection
e
Chapter 3 Motor \(_5/
Motor with position/
speed sensing
Fig. 1-1 Basic system structure
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1 Overview of the Drive System

02.12

1.1 Overview of SIMODRIVE 611

Line supply connection
See Chapter 7

Damping
resistor

reactors

Line filter
TN system

3—ph. 360 V AC with Derating
3-ph. 400 V AC
3-ph. 415V AC
3-ph. 480 V AC

HF commutating

P

HF commutating
reactor for 28 kW

Line filter

Ul module

Unregulated
infeed module

Infeed modules
See Chapter 6

Infeed/regenerative
feedback module,
internal copling 1)

Matching, isolating

or E

600 V DC

Monitoring module

I Iy |
9 r-__T__—:_—_
P

3-ph. 400 V AC \l/

transformer
Types, graduated from Capacitor
3—ph. 200 V AC to module
3—ph. 575V AC for Refer to
TN systems Chapter
6.7.1
TT systems

Residual current devices

Installation altitude > 2000 m

|
-
-
-
»
’
-
-
-
.
¢
.
-+
b

Pulsed External
resistor pulsed resistor
module 1.5/25 kW

1) Alternatively, external cooling and hose cooling possible.
Version as for the power modules.

2) Only for 28 kW Ul module

Power modules
See Chapter 5

"

Power module
Internal cooling
with internal fan

—— '-.1: _:_1-_

&
Power Mounting frame
module with mounted
External fan
cooling

Power module with
hose cooling

Fig. 1-2
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1 Overview of the Drive System

1.1 Overview of SIMODRIVE 611

Control units
See Chapter 4

Control units with analog setpoint interface/PROFIBUS

For 1FT6/1FK/1FN/1FW6-1PH/1FE1 motors
and induction motors

1-axis version (with resolver only)

2—axis version (resolver and motor encoder)
Standard: analog setpoint interface

Option modules: PROFIBUS DP or TERMINALS

Control units with digital setpoint interface

For 1FT6/1FT7/1FK7/1PH/1PM/2SP1/1FE1 motors
2—axis version (with High—Standard control)

— for motor encoders
— additional measuring system, voltage signals

For 1FT6/1FT7/1FK7/1FN3/1FW6/1PH/1PM/2SP1/1FE1 motors|
1-axis version (with High—Performance control)
— for motor encoders
— additional measuring system, voltage signals
2—axis version (with High—Performance control)

— for motor encoders
— additional measuring system, voltage signals
EnDat and SSI encoders

Motors
See Chapter 3

Induction motor,

1FK7 eg. 1LA

For hydraulic linear axes (HLA/ANA)
2—axis version

Control valve for hydraulic linear axes
(not included in the scope of supply)

Fig. 1-3 Overview of the drive system
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1 Overview of the Drive System 11.05
1.1 Overview of SIMODRIVE 611

Note

Siemens accepts the warranty for satisfactory and reliable operation of the
drive system under the clear understanding that only original SIMODRIVE
system components are used in conjunction with the original accessories

described in this Configuration Manual and in Catalog NC 60.

The user must take the planning and engineering data into consideration.

Combinations that differ from the engineering specifications — where relevant,
also in conjunction with third—party products, require a special, contractual
agreement.

The converter system is designed for installation in control cabinets which
conform with the relevant standards for processing machines, especially
EN 60204.

Description The converter system comprises the following modules (refer to Fig. 1-2 and
1-3):

Transformer

Switching and protective elements
Line filter

Commutating reactors

Infeed modules

Power modules

Control units harmonized to the application technology/process and motor
types

Special modules and other accessories

Various cooling methods are available for the power—dependent line supply
infeed and drive modules:

Internal cooling
External cooling

Hose cooling

Siemens AG 2013 All Rights Reserved
1-28 SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition



05.08 1 Overview of the Drive System
1.2 Engineering steps

1.2 Engineering steps

Note

Depending on the result of a hazard analysis/risk assessment to be performed
according to the Machinery Directive 98/37/EC and EN 292-1, EN 954-1,

EN ISO 13849-1 and EN 1050, the machinery construction company must
configure, for all its machine types and versions, the safety—relevant control
sections for the complete machine, incorporating all of the integrated
components. These also include the electric drives.

Note

When engineering SIMODRIVE 611, it is assumed that the motors to be used
are known.

Reference: refer to the appropriate references for motors in the Appendix

Procedure A SIMODRIVE drive group is configured in two phases:
Phase 1 Selecting the components (refer to Fig. 1-4)
Phase 2 Connection configuration (refer to Fig. 1-5)
Note

A selection guide is available for engineering the 6SN series, e.g.:
NCSD Configurator
For additional information, please contact your local Siemens office.

The functions of SIMODRIVE control units are described with keywords in this
Configuration Manual. Limit values may be specified in some cases. For
additional details, please refer to the appropriate documentation.

Detailed ordering information and instructions are provided in Catalogs NC 60
and NC Z.
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02.12

1.2 Engineering steps

Phase 1 when
engineering

Phase 2 when
engineering

Selecting

cables, cable
protection and
switching devices

1-30

Selecting components

Motor selection

Y

Position sensing

i

Control units

i

Power modules

!

Infeed modules

Y

Line supply connection

—  See Chapter 3

—  See Chapter 3

—  See Chapter 4

—  See Chapter 5

—  See Chapter 6

—  See Chapter 7

Fig. 1-4

Selecting components

Connecting—up

Important
circuit information

¥

Cabinet design and EMC

i

Block diagrams

!

Connection diagrams

i

Dimension drawings

—  See Chapter 8

—  See Chapter 9

—  See Chapter 4

—  See Chapter 10

—  See Chapter 12

Fig. 1-5

Connecting—up

Cables, cable protection and switching devices must be selected carefully tak-
ing into account the relevant regulations, standards and the requirements of the
location where the system is installed.

Reference:

Reference:

INCZ/

INSK/

Catalog, Connecting System

and System Components

Catalog, Low Voltage
Switchgear
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1.3 Engineering a drive

1.3 Engineering a drive

Dimensioning The power modules are selected depending on the motors to be used and the
drive requirements (torque, speed ratio).

The infeed module is selected using the DC link power required by the group
and the active power requirement of all of the power modules:

Taking into account the coincidence factor (value determined from the load

duty cycle or experience value). Not all of the motors are subject to a full
load at the same time.

—> refer to Fig. 1-6

The maximum permissible power to charge the DC link capacitors.
—> refer to Chapter 6.6 and Table 1-4
When calculating the DC link power Pz, refer to Fig. 1-6.

Feed axes In this case it must be noted that the DC link will be over—dimensioned if the
motor outputs are simply added together:

Because, from experience, feed axes are not operated at their rated torque
and rated speed

Because generally, the feed drives are not simultaneously operated

In the engineering sheet (refer to Fig. 1-6) to calculate the DC link power, these
factors are taken into account by the speed ratio fi/nN (ratio between the oper-
ating speed and the rated speed) and coincidence factor K.

Power supply Gating and electronic points used to determine the load limits of the power sup-

rating ply. It is not possible to specify the power rating of an individual voltage source
as several power supplies are coupled with one another. If the number of gating
or electronic points is exceeded, an additional power supply must be used — the
"monitoring module”.

When determining the gating (AP) and electronic points (EP) refer to Chapter 6.6.
When calculating the power supply rating, refer to Chapter LEERER MERKER.

DC link Every infeed module has a maximum value that applies when expanding the
capacitance DC link capacitors. It must be ensured that the DC link capacitance in the se-
lected drive group is not exceeded (refer to Table 1-1).

The sum (total) of the DC link capacitances (refer to Chapter
LEERER MERKER, Table 1-4) of all modules must be less than or equal to the
charge limit corresponding to the following table of the infeed modules:
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1.3 Engineering a drive

Table 1-1 Infeed modules
DC link power Peak power Infeed module Charge limit
Pzk [kW] [kW] Order No. [LF]
Infeed, unregulated
<5 10 6SN1146-1AB0 —-OBA 1200
<10 25 6SN1145-1AA0 —-0AA 6000
<28 50 6SN114 -1AA0 -0CA 20000

Infeed/regenerative feedback module, regulated

<16 35 6SN114 -1BAO -0BA 6000
<36 70 6SN114 —-1BAO0 -0CA 20000
<55 91 6SN114 -1B 0 -ODA 20000
<80 131 6SN114 -1BBO -OEA 20000
<120 175 6SN114 -1BAO0 -OFA 20000
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02.07 1 Overview of the Drive System
1.3 Engineering a drive

1.3.1 Calculation of the required DC link power (Pzk) for dimensioning
the supply system, infeed unit

Steady-state operation:
Pzk = Pvsa zk + Pumsp zk
Pzk = PNinfeed module
Feed axes with rotary motors

The following formula is used in the engineering sheet to determine the cal-
culated power:

PealcFp = 0.105 Mo np 1073 [kW]

Where:

Pcalc FD calculated power for feed axes [kW]
0.105 factor 2 /60

For feed axes, calculated with Mg

Y1) stall torque [Nm]

np rated speed [RPM]

Feed axes with linear motors
P=Fn Vmax, en 1073 [kwW]

Where:
Fn rated force [N]
VMAX, Fn maximum velocity at the rated force [m/min]

The DC link power Pyga 7k Of the feed axes is calculated using the engineering
sheet. The following factors must be taken into account:

Speed ratio fi/ny

Coincidence factor K for the number of feed axes per area

If the exact values of the speed ratio fi/ny and coincidence factor K are known
for the application in question, these should be used.
Main spindles

For main spindle drives, the efficiencies must be included in the calculation
and are roughly estimated using the following factors:

— Motors < 4 kW
Pmsb zk = 1.45 PwmsD motor shaft [KW]
— Motors > 4 kW
Pmsb zk = 1.25 PwmsD motor shaft [KW]
Where:
Pmsp zk DC link power for the main spindle drive [kW]
1.450r1.25 Assumed factor for the motor efficiency

Pmotor shaft MSD mechanical power [kW] used at the shaft of the
main spindle motor

The rated motor current may not exceed the rated output current of the
power modules. The maximum motor current must always be less than the
maximum converter current.
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1.3 Engineering a drive

1.3.2 Dynamic operation

The peak infeed power must also be calculated for acceleration and decelera-
tion operations.

Feed axes

The peak infeed power expected for feed axes can be roughly calculated
according to the following formula:

PsFp =0.6 Vpciink Imax filny 1073 kW]
Where:
Psep peak infeed power (calculated) [kW] for feed axes
0.6 empirical factor: DC link energy and
and EMF of the motor are taken into account
Vbe link DC link voltage [V] (600 V)
Imax peak current [A] set for an axis
/Ny max. axis speed referred to the

motor rated speed
Feed axes with linear motors
PsrFp = Fuax  Vmax, emax + (Imax/In)?  Pyn [kW]

=05..09 UZK IMAX V/VMAX, FMAX 10_3 [kVV]

Where:

Fumax maximum force [N]

VMAX, EMAX maximum velocity at the maximum force [m/min]

Imax peak current [A] set for an axis

In rated current [A] set for an axis

PuN rated motor power loss [kW]

VIVMAX, FMAX max. axis velocity referred to the maximum velocity at the

maximum force

Main spindles

The peak infeed power expected for main spindles is calculated according
to the following formula:

— Motors < 4 kW
PsmsD =1.45 Ps motor shaft MsD [KW]
— Motors >4 kW
Ps msb =1.25 Psmotor shaft Msp [KW]
Where:
Ps msp peak power (calculated) for main spindles [kW]
1.250r 1.45 factor to take into account the motor efficiency

Ps motor shaft Mmsp  Peak power [kKW] used at the shaft of the
main spindle motor
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1.3 Engineering a drive

The sum of Pg gp and Pg ysp should be calculated from all of the feed axes
and main spindles that are simultaneously operated. This calculated power
must be less than the peak power of the regenerative feedback module.

1.3.3 Braking operation

With the Ul modules, only deceleration with pulsed resistors is possible.
With I/R modules, a regenerative feedback of excess energy to the supply
system also occurs. For required braking operations in the event of a power
failure, the braking module and pulsed resistors are also needed.

The regenerative feedback power is dependent on the available energy to be
braked in the system:

The mass
Speed/velocity
Braking ramps/braking time

Efficiencies
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10.04

1.3 Engineering a drive

1.34 Calculation of the DC link power (engineering sheet)
Axis  Order No. of the motor nn Mo IN 1o(PM)  Pcaicep nny PcalcFD  n/ny
name [RPM]  [Nm] [A] [A] [kwW] [kwW]
Range | for P¢gic pp from 0...1.8 kW
1
2
3
4
5
6
Sum, range |
Range Il for Pegic pp from 1.8...8.8 kW
1
2
3
4
5
6
Sum, range Il
Range Il for Pegic pp from 8.8...27 kW
ps
2
3
|4
|
6
Ky Sum, range Il
Sum, range | X = .
DC link power
Kii + Pysa bc link
K + DC link power
Sum, range |l X = Pzk FD
DC link power
Pzk
Feed drives 041t00.7 1 1 = I:I kw
Robot drives 09to1l 2 0.63
Robot drives 1 3 0.5
with 1FT 4 0.38
5 0.33
6 0.28
Fig. 1-6 Engineering sheet to calculate the DC link power PzK

1-36
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02.12 1 Overview of the Drive System
1.3 Engineering a drive

1.35 Checking the permissible power supply rating

The infeed or monitoring module used offers a basic equipping of the electronic
(EP values) and control power supply (AP values).

The following table is used to determine the power supply requirement of a drive
line—up.

The number of modules used should be entered. The product from "Evaluation
factor individual module” and "Number of modules” should be formed.

An (additional) monitoring module must be provided if one of these values is
exceeded. The following tables should be used again for the module line—up,
supplied from the monitoring module.

The monitoring module must be located to the left in front of the modules to be
monitored.
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06.13

1.3 Engineering a drive

Table 1-2 Engineering table for drive modules with SIMODRIVE 611 universal HRS/universal E HRS

SIMODRIVE 6SN11
power modules, type

Assessment factors

SIMODRIVE 611 universal HRS SIMODRIVE 611 universal E HRS DC link
capaci-
Resolver Encoder with 1 Vpp Encoder with 1Vpp tance
6SN1118 - 6SN1118 -
- .NJO1 - .NKO1 - .NHO1 - NH11
1-axis 2-axis 2-axis 2-axis
uF
1-axis version
6SN112 - 1AAQ0 - OHA EP 1.1 EP 1.4 EP 15 EP 15 75
AP 1.7 AP 2.0 AP 2.0 AP 2.6
6SN112 - 1AA00 - 0AA EP 1.1 EP 1.4 EP 15 EP 15 75
AP 1.7 AP 2.0 AP 2.0 AP 2.6
6SN112 - 1AA00 - OBA EP 1.1 EP 1.4 EP 1.6 EP 1.6 110
AP 1.7 AP 2.0 AP 2.0 AP 2.6
6SN112 - 1AA00- OCA EP 1.1 EP 1.4 EP 1.6 EP 1.6 330
AP 1.7 AP 2.0 AP 2.0 AP 2.6
6SN112 - 1AA00 - ODA EP 1.2 EP 1.4 EP 1.7 EP 1.7 495
AP 1.7 AP 2.0 AP 2.0 AP 2.6
6SN112 - 1AAQ0-OLA EP 1.7 EP 1.7 EP 1.7 EP 1.7 990
AP 1.8 AP 2.1 AP 2.1 AP 2.7
6SN112 - 1AA00 - OEA EP 27 EP 2.7 EP 27 EP 2.7 990
AP 1.8 AP 2.1 AP 2.1 AP 2.7
6SN112 - 1AAO01- OFA EP 27 EP 2.7 EP 27 EP 2.7 2145
AP 1.9 AP 2.1 AP 2.1 AP 2.7
6SN112 -1AA00-0JA 1) EP13 EP 1.5 EP 1.7 EP 1.7 2145
AP 1.9 AP 2.1 AP 2.1 AP 2.7
6SN112 -1AA00-OKA 1) EP14 EP 1.6 EP 1.8 EP 1.8 4290
AP 1.9 AP 2.1 AP 2.1 AP 2.7
6SN1123 - 1AA02-0FA 1) EP13 EP 1.5 EP 1.7 EP 1.7 2145
AP 1.9 AP 2.1 AP 2.1 AP 2.7
2-axis version
6SN112 - 1ABOO - OHA EP 1.3 EP 1.5 EP 1.6 EP 1.6 150
AP 2.1 AP 2.4 AP 2.4 AP 3.0
6SN112 - 1ABOO - 0AA EP 1.4 EP 1.7 EP 1.7 EP 1.7 150
AP 2.1 AP 2.4 AP 2.4 AP 3.0
6SN112 - 1ABO0O - OBA EP 1.6 EP 1.8 EP 1.8 EP 1.8 220
AP 2.1 AP 2.4 AP 2.4 AP 3.0
6SN112 - 1ABOO- OCA EP 1.7 EP 1.8 EP 1.8 EP 1.8 660
AP 2.1 AP 2.4 AP 2.4 AP 3.0
Assessment factors of individual modules for the electronics points (EP) and SIMODRIVE 611 universal HRS/E HRS with options
gating points (AP) as well as permissible combinations of power modules and When using EnDat absolute encoders, an additional 0.4 EP

control units.

Only combinations with entered EP and AP values are permissible.

(electronic points) must be added for each encoder.
For PROFIBUS-DP, an additional 0.6 control points (AP)

Data referring to the assessment factors for EP and AP refer to the encoder should be added.
cable lengths that have been released.

Enter the values into Table 1-4.

1) With mounted fan or hose cooling.
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02.12 1 Overview of the Drive System
1.3 Engineering a drive

Table 1-3 Engineering table for drive modules with digital interface
SIMODRIVE 6SN11 Assessment factors
ower modules, type o :

P P Control unit, digital DC link
capaci-
tance

1-axis version 2-axis version 2-axis version

High-Performance control High-Performance control High-Standard control

6SN1118 - 6SN1118 - 6SN1118 -

- 0DJ21 - 0DJ23 - ODK21 - ODK23 - ODM31 - 0DM33 uF
1-axis version

6SN112 .- 1AA00- OHA1 EP1 EP 1 EP 1 EP 1 75

AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN112 .- 1AA00- 0AA1 EP1 EP 1 EP 1 EP 1 75
AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN112.-1AA00- 0BA1 EP1 EP 1 EP 1 EP 1 110
AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN112.-1AA00- 0CA1 EP1 EP 1 EP 1 EP 1 330
AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN112 .- 1AA00- ODA1 EP1 EP 1 EP 1 EP 1 495
AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN112.-1AA00-O0LA1 EP1 EP 1 EP 1 EP 1 990
AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN112.-1AA00- OEA1 EP1 EP 1 EP 1 EP 1 990
AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN112.-1AA01-0FA1 EP 1.75 EP 1.75 EP 1.75 EP 1.75 2145
AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN112.-1AA00-0JA1 EP15 EP 1.5 EP 1.5 EP 1 2145
1) AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN112.-1AA00- OKA1 EP 1.5 EP 1.5 EP 1.5 EP 1 4290
1) AP 1.85 AP 2.2 AP 1.85 AP 2.2
6SN11 23 - 1AA02 - OFA1 EP1 EP 1 EP 1 EP 1 2145
1) AP 1.85 AP 2.2 AP 1.85 AP 2.2
2—axis version
6SN11 2. - 1AB00 - OHA1 EP 1 EP 1 EP 1 EP 1 150
AP 2.8 AP 3.4 AP 2.8 AP 3.4

6SN11 2. - 1AB00 - 0AAlL EP 1 EP 1 EP 1 EP 1 150
AP 2.8 AP 3.4 AP 2.8 AP 3.4

6SN11 2 .- 1AB00 - 0BAl EP 1 EP 1 EP 1 EP 1 220
AP 2.8 AP 3.4 AP 2.8 AP 3.4

6SN11 2 .- 1AB00 - 0CA1 EP 1 EP 1 EP 1 EP 1 660
AP 2.8 AP 3.4 AP 2.8 AP 3.4

Assessment factors of individual modules for the electronics points (EP) and Absolute encoder with EnDat interface
gating points (AP) as well as permissible combinations of power modules
and control units (digital).

Only combinations with entered EP and AP values are permissible.

The data referring to the assessment factors EP and AP refer to the encoder SSI encoders require an external power supply - therefore no
cable lengths that have been released for use. additional electronic/gating points

Enter the values into Table 1-4.

An additional 0.4 EP for each absolute encoder in the elec-
tronics area

1) With mounted fan or hose cooling.
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02.12

1.3 Engineering a drive

Table 1-4 Engineering sheet to calculate the DC link power PzK

Designation

SIMODRIVE 611
Ul module 5 kW/10 kW
10 kW/25 KW
28 KW/50 kW
I/R module 16 kW/21 kW
36 KW/47 kW
55 KW/71 kW
80 kW/131 kW
120 kW/175 KW

Monitoring module
Braking module

Capacitor module (central/distributed)

HLA module

Power module with
control unit for FD/MSD
(values from Tables 1-3)

Power module with
SIMODRIVE 611 universal HRS
(values from Table 1-2)

SINUMERIK 810D powerline 2)
including integrated power modules
CCU box 3LT with CCU 3

CCU box 2LT with CCU 3
SINUMERIK 840D powerline with

NCU 561.4 6FC5 356 - 0BB12 - OAEQ
NCU571.4 6FC5 357 - 0BB12 - OAEQ
NCU572.4 6FC5 357 - 0BB23 - 0AEQ
NCU573.4 6FC5 357 - 0BB34 - OAE1
NCU573.5 6FC5 357 - 0BB35 - OAEQ

Electronic points (EP)

Assessment
factor,
individual
module

2.8mF
4.1 mF

129

NN = =
w w

Sum,

»Electronics« points

Num-
ber of
mod-
ules

[oNe)

X
]

Xx x x x X XXXXxxxxX

X
]

X X X X X
|

maximum value 8

Maximalwert 3,5

Gating points (AP)

Prod- Assessment  Num-
uct factor, ber of
individual mod-
module ules
0.5
0.5
0.5 x 1=
0.5
0.5
0.75
0.75
0
0.1 X =
0 X =
0 -
1.5 X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
4.5 X =
4.5 X =
3.8 X =
3.8 X =
3.8 X =
5(5.4)3) X =
5(5.4)3) X =
EP Sum, »Gating«
points

1) An additional 0.4 electronic points (EP) for each absolute value encoder

EnDat.

2) An additional 0.3 gating points (AP) must be taken into consideration for
each connected absolute value encoder with EnDat interface.
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maximum value 17

Maximum value 7

DC link capacitance

Prod- Num-
uct ber of
uF mod-
ules
150
440
990
495 x 1=
990
2145
2145
4290
10004
10004 X =
75 X =
2800 X
4100 =
0
X
X
X
660
220
0
AP Sum of the
DC link
capacitances

3) The value 5.4 is used for NCU 573.4/573.5 with link module.
4) Used only when the module is only supplied by the DC link.
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System Configuration

Drive line—up

A SIMODRIVE drive group has a modular configuration comprising line filter,
commutating reactor, line supply infeed module, drive modules as well as, when
required: monitoring, pulsed resistor and capacitor module(s).

Satisfactory operation is ensured only in conjunction with the components that
are described in this Configuration Manual or published in the Catalog NC60
(Internet Mall) and with adherence to the required boundary/application condi-
tions.

Failure to observe this along with improper use and application conditions can
void your certifications, conformity declarations or warranty claims. In order to
avoid contamination, the modules should be installed in a control cabinet with
degree of protection IP 54.

Modules can also be arranged in several tiers one above the other or next to
one another.

Note

Tightening torques for screw connections are:

Screw size —> tightening torque
M3 —_> 0.8 Nm

M4 _> 1.8 Nm

M5 —_> 3.0 Nm

M6 —_> 6.0 Nm

M8 —_> 13.0 Nm
M10 —_ 25.0 Nm
Tolerance —_— 0/+30%

For tightening torque deviations for connections to the HF/HFD reactors, see
the specifications in Chapter 6.5.

The screws at terminal connections, e.g. DC link busbars, terminals should be
checked and tightened each time that the equipment is transported or when
performing maintenance work, however at the latest after 5 years.

Note

According to IEC 61800-5-1, a PDS (Power Drive System) with leakage
currents over 3.6 mA requires a secure ground connection (e.g. at least
10 mm2 Cu or multiple connection) or an automatic shutdown in case of a
ground connection fault.

The housings of the SIMODRIVE 611 converter system modules are enclosed
and EMC-compatible as specified in EN 60529 (IEC 60529).

The electrical system is designed to comply with EN 50178 (VDE 0160) and
EN 60204, and an EC declaration of conformity is available.

The connections in the module group, motor cables, encoder lines and bus
lines must be made using preassembled MOTION—-CONNECT lines (see Cata-
log NC 60).
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05.08

2.1 Arrangement of the modules and their mounting

2.1 Arrangement of the modules and their mounting

2.1.1 Arrangem

ent of the modules

The modules must be arranged in a particular layout. The following criteria must
be taken into account:

Function of the module

Cross—section of the DC link busbar

The I/R or Ul module is always located to the left of the module group at the
beginning. The power modules (PM) are located to the right next to the I/R or Ul
modules (refer to Fig. 2-1).

be located to the left
of the module group.

Drive bus cable)

Equipment bus cable

the wiring meets EMC
requirements.

1) Note:

The infeed module should always

The shield connecting plates
are necessary to ensure that

A round drive bus cable fed from the module group (6SX2002—xxxx) should preferably
be attached to the 6SN1162—-0FA00—-0AAX shield connection or clamped to the
provided insert nut on the module housing!

The largest power module must be located after
the infeed module; all of the other power
modules are then located to the right
corresponding to their size (power rating).

For the NC control system

= The capacitor modules
= must be located at the
end of the drive line-up
after the power
modules.

Fig. 2-1 Connection example

2-42

Due to the limited conductivity of the DC link busbars of the modules with mod-
ule width 150 mm, the DC link power Pz of these modules must not exceed
55 kW. Larger DC link busbars must be used if this restriction cannot be com-
plied with (refer to Fig. 2-2 and 2-3).

The DC link power Pz of the subsequent modules is calculated according to
the engineering rule specified in Chapter 1.3.

The larger DC link busbars can be ordered as a set with
Order No. [MLFB] 6SN1161-1AA02—-6AA0. The set includes reinforced DC link
busbars for module widths 50 mm, 100 mm and 150 mm.

The standard DC link brackets between the modules may not be changed, even
when strengthened DC link busbars are used.
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2 System Configuration

2.1 Arrangement of the modules and their mounting

£ E E | E | Elglgle
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S o Lo Lo o |O|0|O
3 15} — — = [b|B|D
x = = = = (===
= o o o o oo
—
Other
modules
I
| — > Py 55kW
I
| Subsequent modules
Fig. 2-2 Module group without larger DC link busbars
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3 15} — — = [b|DO|b
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Other
modules
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| —® Py 55kW
I
Note:
£ £ c Reinforced
g E| E|E|E|EIE DC link busbars must be
o S| 8 used in the
g S| S(8/3/8|3
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—
Other
modules
| I — Py 55kW
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Fig. 2-3 Module group with larger busbars
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2 System Configuration

05.08

2.1 Arrangement of the modules and their mounting

Pulsed resistor
module

Drive bus

Equipment bus

Cable length

Edl

2-44

Subject to certain conditions, several pulsed resistor modules can be connected
in parallel (refer to Chapter LEERER MERKER, Table 1-4).

The drive bus length may not exceed 11 m.

For more than six modules, control units, round cables must be used (refer to
Chapter 2.1.2).

The equipment bus cable that is looped-through a drive group at an infeed or
monitoring module may not exceed 2.1 m from the supply connection point. For
a two—tier configuration, two equipment bus branches are possible, each with a
maximum length of 2.1 m from the branch point at the supply connection point.

The permitted cable lengths depend on the used line filters, refer to the line fil-
ters in Section 7.4.

Reader’s note

For cable lengths for SIMODRIVE POSMO SI/CD/CA, refer to
Reference: /POS3/ User Manual SIMODRIVE POSMO SI/CD/CA
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2.1 Arrangement of the modules and their mounting

2.1.2 Mounting and installing the modules

When mounting and installing the SIMODRIVE modules on the rear cabinet
panel, proceed in the following sequence:

1. Screw—in the retaining screws up to a clearance of approx. 4 mm from the
surface of the mounting panel.
2. Locate the modules in the screws and then tighten the screws with 6 Nm.

3. Locate the DC link connecting bar in the adjacent module under the screws
provided and tighten these screws with 1.8 Nm —0/+30%.

The DC link covers must only be installed with the power turned off. Check the
spring elements for exact positioning prior to installation. Covers with warped
spring elements must be replaced.

Drive bus For drives with a digital setpoint interface, a drive bus cable is required for the
control and communications interface SINUMERIK 840D powerline (refer to
Fig. 2-1).
Table 2-1 Order number assignment
Designation Order number (MLFB)
for module width
50 mm 6SN11 61-1CA00-0AA

100 mm 6SN11 61-1CA00-OBA

150 mm 6SN11 61-1CA00-0CA

300 mm 6SN11 61-1CA00-0DAO

—> 0: Ribbon cable

—> 1: Round cable (control units required
from six axes onwards)

In order to jumper monitoring/pulsed
resistor modules, select the drive bus
cable to be 50 mm longer!

350 mm round long cable 6SN11 61-1CA00-OEAL
200 mm long ribbon cable 6SN11 61-1CA00-0FAO
Equipment bus The electronics power supply between the individual modules is established

using the equipment bus cable (refer to Fig. 2-1). The equipment bus cable is
included in the scope of supply of the power module.
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2.2 Ambient conditions

2.2

2-46

Ambient conditions

Note
The components are insulated in compliance with DIN EN 50178.
Overvoltage category Il for industrial line supplies

Degree of pollution Il, especially no conductive pollution, moisture
condensation is not permissible

Installation altitude up to max. 2000 m above sea level

Installation altitude 2000 m — 6500 m possible in conjunction with isolating
transformer with neutral point on grounded the secondary side, grounded
module housing.

As a result of the "thinner air” (poor thermal dissipation), above 1000 m, the
drive power must be derated (reduced). Refer to Chapter
LEERER MERKER and 5.4.

Star point of the line supply is directly grounded, the module housing is
grounded.

According to EN 61800-5-1 and UL 508 only protective extra low voltages with
safety separation may be connected at all connections and terminals of the
electronic modules.

Warning

Any conductive dirt/pollution can result in the safe electrical separation
being lost and can therefore result in hazards to personnel (electric
shock).

Note

Appropriate measures (filter, waiting cycles, etc.) must be adopted to prevent
contamination of the cooling system, because otherwise fan damage and thus
loss of the cooling effect can occur.
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2 System Configuration

Table 2-2

Ambient conditions

2.2 Ambient conditions

Designation

Description

Vibratory load

Long—term storage in the transport packaging
Transport in the transport packaging
Operation

Class 1M2 in accordance with EN60721-3-1
Class 2M3 in accordance with EN60721-3-2
Test values:

Frequency range: 10 Hz to 56 Hz

With constant 0.075 mm deflection
Frequency range: 58 Hz to 200 Hz

With constant 1 g acceleration

Shock load Long—term storage in the transport packaging | Class 1M2 in accordance with EN60721-3-1
Transport in the transport packaging Class 2M3 in accordance with EN60721-3-2
Operation Test values:
Modules/devices without drive: 59/11 ms
Modules/devices with drive: 59/30 ms
Protection Modules with internal cooling 1P20Y)
against ingress Modules with external cooling/pipe cooling
of solid foreign — Heatsink in cooling area P54
bodies and water — Electronics area 1P20
Transportation Temperature range | —40°C —-+70°C
and storage Dew-point temper- | Annual average U= 75%
ature tq and relative td= 17 °C
air humidity U On 30 days (24 h) annually | U= 95%
td= 24°C
These days should be naturally distributed over the complete year.
On the other days (<24 h) U= 85%
But maintaining the annual | td = 24 °C
average
Relevant Standards | DIN EN 60068—2—1
DIN EN 60068—-2-2
DIN EN 60068—-2—3
DIN EN 61800-5-1
Ambient climatic | Temperature range: | 0 °C — +55 °C
conditions in for PM/NE modules
operation (100% load): +40 °C
Current/power der-
ating from +40 °C 2.5%/°C
onwards:
Dew—point temper- | Annual average U= 75%
ature tq and relative td= 17 °C
air humidity U On 30 days (24h) annually | U= 95%
td= 24°C
These days should be naturally distributed over the complete year.
On the other days (<24 h) U= 85%
But maintaining the annual | td = 24 °C
average
Temperature Within one hour: max. 10 K
change Within 3 minutes: max. 1 K
Condensation Not permissible

Atmospheric pres-
sure

min. 860 mbar (86 kPa)
max. 1080 mbar (108 kPa)

Gases that can
have a negative im-
pact on the function

acc. to DIN 40046, Part 36 and Part 37

DIN EN 60068-2-1
DIN EN 60068-2-2
DIN EN 60068-2-3
DIN EN 61800-5-1

Relevant Standards

1) Supplementary measure is required, if the work to be carried out close to the DC link busbar (DC link cover at the last modu-

le).
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2.3 Motor selection

2.3 Motor selection

Selection The Motor Configuration Manuals are used to select the drive motors.

@ Reader’s note

You can find information on the following motors under the following link:
Ordering documentation/overview of documents
— - Printed documentation - Docu_SIMOTICS
— - DoConCD/User Manual Collection
Links to download documents

- Download documentation - SIMOTICS S servomotors
- SIMOTICS M main motors

Using documentation online (finding and searching in manuals/information)

http://www.siemens.com/motioncontrol/docu

The selection of the motor and the (brief) overload capability determines he size

(rating) of the power module (refer to Chapter 4).

VP module (VPM) A voltage protection module (VPM) is required for motors 1FE1 and 2SP1 with
an EMF > 800 V and maximum < 2 kV (> 565 Ve up to @ maximum 1400 Veg).

When a fault condition develops, the VPM limits the DC link voltage at the drive

converter.
Technical data and ordering data, refer to 8.16.

@ Reader’s note
Reference: /PJFE/ Configuration Manual, 1IFE1 Synchronous Built—in
Motors

/BU/  Catalog NC 60

/PMS/ Configuration Manual ECO Motor Spindles for
2SP1 Main Spindle Drives
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2.4 Position sensing/actual speed value sensing

2.4 Position sensing/actual speed value sensing

Description The encoder system is used for precise positioning and to determine the actual

speed value of the drive motor for the particular application. The resolution of
the measuring system and the control board selected are decisive when it
comes to positioning accuracy.

24.1 Position sensing, direct

Measuring
systems
that can be
evaluated

SIMODRIVE 611
digital, universal

Rotary encoders with sine/cosine—shaped voltage signals.
Linear scales with sine/cosine—shaped voltage signals.
Distance—coded measuring systems (only SIMODRIVE 611 digital with NC)

Measuring systems with sine/cosine—shaped voltage signals and EnDat/SSI
interface (linear scales, singleturn and multiturn encoders)

The feed and main spindle drive modules can be supplied with a second mea-
suring system evaluation, e.g. for a table—top measuring system or for spindle
position sensing. A direct measuring system is needed, for example, when a
high degree of accuracy has to be achieved on the workpiece with a linear
scale or exact positioning is required with a multi-stage gear unit.

The optimum measuring system for position detection is suitable for the evalua-
tion of incremental encoders with sine/cosine voltage signals. It is possible to
connect linear scales and rotary encoders with sinusoidal voltage signals to
drive controls to operate 1FT6 and 1FK6 feed motors. The measuring signals
supplied by the encoder system are evaluated with a high degree of resolution.

Example:

With a linear scale (20 pm grid constant) a position resolution of 0.01 mm (Digi-
tal High Performance control) is achieved.
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02.12

2.4 Position sensing/actual speed value sensing

2472 Position detection, indirect

Measuring
systems
that can be
evaluated

Edl

SIMODRIVE 611
digital/universal

2-50

Integrated incremental encoder in feed and main spindle motors
Integrated absolute encoder with EnDat interface in feed motors

Incremental encoder (SIMAG H) for sensing the rotary angle and the rotary
angle velocity

SIMAG H is used for hollow—shaft applications with 1FE1 and 1PH2 direct
drives and third—party spindles. It is also used as autonomous spindle en-
coder.

Reader’s note
Reference: /PMH/ Measuring System for Main Spindle Drives

When the SINUMERIK 810D/840D and SIMODRIVE 611 are digitally linked,
the measuring systems are connected to the digital control units.

The controls are equipped by default with a connection for the measuring
system integrated in the feed and main spindle modules. Together with the high
resolution position detection of the digital controls, the integrated motor measur-
ing system achieves a resolution of 4,000,000 increments per revolution (Per-
formance Control). In many cases, also for the main spindle, it means that an
additional C—axis encoder is not required.

The high—resolution actual position value is also transferred to the NC position
control loops via the drive bus so that, given the right mechanical conditions, a
direct table—top measuring system is no longer required.

The same secondary conditions/limitations apply for SIMODRIVE 611 universal
and POSMO SI/CD/CA. The only difference is the drive link established using
PROFIBUS DP.
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2.5 Power modules

2.4.3 Drive module

The drive modules comprise the following components: Power module, control
unit, equipment bus cable and where relevant, a drive bus cable and option
module.

The permissible combinations of power module and control unit are saved in the
engineering tables (refer to Chapter LEERER MERKER). Depending on the
cooling method employed or the power module’s size, additional cooling com-
ponents have to be ordered or be provided by the user.

Depending on the application, the drive modules of the SIMODRIVE 611 con-
verter system can function as feed, main spindle or induction motors, and com-
prise the power module, control unit, and drive bus cable components. Option
modules can be added where applicable.

A drive module is created by inserting the control unit into the power module,
e.g. for feed or main spindle applications.

The modular design of the drive modules allows a large number of applications
to be implemented using only a small number of individual components.

Note

Combinations that differ from the engineering information and instructions —
where relevant, also in conjunction with third—party products, require a special,
contractual agreement.

We accept a warranty for our scope of supply up to the system interfaces that
we have defined.

2.5 Power modules

A wide range of 1-axis or 2—axis power modules is available. These modules
are graded according to the current ratings and can be supplied with three dif-
ferent cooling techniques. The range of power modules allows a seamless,
modular and space—saving drive solution for:

Small, compact machines (required feed torques and main spindle power
ratings — e.g. 80 Nm at 500 RPM and 11 kW S1 at 1500 RPM) up to

complex machining centers and automatic lathes — e.g. 115 Nm or 145 Nm
at 2000 RPM and 100 kW S1 at 1500 RPM.

The current-related data refers to the series—preset values. The output currents
can be limited by the control unit being used. After the control unit has been
inserted, the retaining screws of the control unit front panel must be tightened in
order to establish a good electrical connection to the module housing.

At higher clock cycle frequencies, ambient temperatures and installation alti-
tudes above 1000 m above sea level, the modules must be derated. The ap-
propriate pre—assembled cables are available to connect-up the motors. The
ordering data is provided in Catalog NC 60, in the Motors Section.

Shield terminal plates are available to meet EMC requirements when using
shielded power cables.

The equipment bus cable is included in the scope of supply of the power mod-
ule. The drive bus cables must be ordered separately for the digital system.
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2.5 Power modules

25.1 Function of the power modules

The power module provides the required energy for the control boards and the
connected motor. The power module is selected depending on the selected
motor and the control board.

25.2 Connecting—up the power modules

The power module is grounded through the PE connecting screws.

The power module must be mounted on a grounded, low—resistance conductive
mounting surface and must have a conductive connection to this mounting sur-
face.

Power is fed—in through the DC link busbars.

Power module
Internal cooling

Control unit (refer
to Chapter 4)

50 mm power module

Order number

Type plate/Order No.

Fig. 2-4 Power module with control unit
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2.6

26.1

2.6.2

2.6.3

2.6 Control units

Control units

General

The SIMODRIVE 611 control units use the power module to control the speed,
torque and position of the attached motors. (Properties, for details refer to the
module description in Chapter 4)

AC motors

The following AC motors, for example, can be operated synchronously or asyn-
chronously:

1FT/1FK servo motors

1PH/1PM induction motors
1FE1/2SP1 built—in spindle motors
1 FW torque motors

1 FN linear motors

Third—party motors (when suitable!)

Modules included in the scope of supply

For SINUMERIK
840D powerline High Performance as 2—axis or 1-axis control unit, optionally also with di-

rect measuring system.

High Standard as 2—axis control unit, optionally also with direct measuring
system.
HLA/ANA as 2—axis control unit for highly—dynamic "hydraulic axes” (modu-

lating valves) or universal dynamic "analog interface” for components to be
controlled externally.

For universal
applications SIMODRIVE 611 universal in the system group or also for "standalone”

devices.

Various variants with analog or PROFIBUS DP interface. Variants with or
without integrated positioning.

SIMODRIVE 611 universal HRS with Resolver as 2—axis or 1-axis control
unit.

SIMODRIVE 611 universal HRS (high resolution) as 2—axis control units for
encoders:

— sin/cos or

— EnbDat or

— TTL (only induction motors)
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2.6 Control units

For SINUMERIK
840Di powerline
SINUMERIK 802D
sin/cos or
EnDat or

Table 2-3 Comparison table

TTL (only PROFIBUS DP interface for the controller)

SIMODRIVE 611 universal E HRS (economic high resolution) as 2—axis
control units for encoders:

Control unit with

611 universal

High Standard

High Performance

Closed—loop Closed—loop
control control
Max. electrical fundamental frequency for motor 1400 Hz 600 Hz 1400 Hz
Encoder limit frequency, motor encoder 350 kHz 200 kHz 350 kHz (420 kHz)V
Encoder limit frequency, motor encoders for Safety - 200 kHz 300 kHz (420 kHz)D
Integrated
Encoder limit frequency, direct measuring system 350 kHz 200 kHz 350 kHz (420 kHz)V
Encoder limit frequency resolver 12—bit 432 Hz - -
14-bit 108 Hz

Encoder limit frequency, direct measuring system for | — 200 kHz 300 kHz (420 kHz)D
Safety Integrated
Pulse multiplication:

Incremental encoder 2048 128 2048

Resolver (14/12-bit) 4096/16348 - -
Maximum cable length, encoder with voltage signal 50m 50m 50 m (20 m)d)
Smooth running characteristics (measure of the posi-
tion fluctuation by nget in the range 10% n  referred
to a 10 mm spindle pitch/motor revolution)

1-axis version 0.1 um 0.2 um 0.1 um

2—axis version 0.1 um 1.5 um 0.1 um

1) The following limitations/secondary conditions apply for 420 kHz:
—Cable to be used: Siemens cable, Order No. [MLFB]: 6FX2002—2CA31-1CF

—Maximum permissible encoder cable length: 20 m

—Encoder characteristics: "-3dB cutoff frequency” greater than or equal to 500 kHz
Examples for permissible encoders: ERA 180 with 9000 pulses/revolution and
ERA 180 with 3600 pulses/revolution manufactured by Heidenhain

— Amplitude monitoring up to 420 kHz is active.

If the digital drive modules are operated in conjunction with the SINUMERIK
840D CNC control system, then the NCU box must be located immediately to

264 NCU box for SINUMERIK 840D
the right of the infeed module.
Fig. 2-5

2-54

Digital closed—loop control with SINUMERIK 840D
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2.7 Infeed modules

2.7 Infeed modules

Application The infeed modules are used to connect the drive group to the line supply.

Different line
supply

Module
arrangement

Heat dissipation

The infeed modules generate the DC voltage for the DC link from the following
possible line supply voltages:

3-ph. 400 VAC 10% 50 Hz/60 Hz,
3-ph. 415V AC 10% 50/60 Hz,
3—ph. 480 V AC + 6% —10% 50 Hz/60 Hz

In addition, the electronic voltages ( 24V, 15V +5V, etc.) are made avail-
able centrally to the drive modules and to the SINUMERIK 840D or SINUMERIK
810D — arranged as group — via the equipment bus.

If the infeed modules are connected to a line supply other than a TN line supply,
or a line supply that is not equipped with suitable residual current protective
devices, then an additional transformer with separate windings in vector group
yn is required according to selection table 7-8.

The HF commutating reactor is also required for the regulated infeed/regenera-
tive feedback module when there are upstream transformers.

An appropriate matching transformer is also required for line supply voltages of
3—ph. 200 V/220 V/240 V/440 V/500 V/575 V AC 10% 50 Hz/60 Hz.

Please observe the appropriate information and instructions for the 300 mm
modules.

For the arrangement of the infeed module, see Chapter 2.1.1.

A minimum lateral clearance of 50 mm must be maintained between the module
groups mounted at the same height.

The necessary cooling components, such as externally mounted fan and/or air
baffle plates for a module width of 100 mm to guide the air at the module heat
sinks must be separately ordered when required. For other module widths, the
baffle plates should be appropriately produced according to the drawing, see
the dimension drawing in Chapter 12.

Internal cooling

The infeed modules can be ordered with module—internal heatsinks for cool-
ing inside the control cabinet. The 300 mm wide modules, that can be or-
dered for pipe cooling, also offer the option of connecting a pipe for direct air
cooling.

External cooling

Alternatively, infeed modules with heat sinks outside the housing for external
cooling are available. When mounting, the heatsinks are inserted through
the openings at the rear of the cabinet. Cooling is then realized on the cus-
tomer side. For this type of configuration, a mounting frame is required for
each module (refer to Fig. 2-9).
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2.7 Infeed modules

Dimensions All modules have a grid dimension of 50 mm for the width. All modules have a
standard height of 480 mm. Note that the dimensions for air baffle plates, shield
connecting plates, built—on fans and hose cooling must also be taken into ac-
count.

Width: 50 mm grid dimension

Relative to the mounting plane, the depth of all modules (without connectors
and optional machine—mounted accessories) is:

— Internal cooling or hose cooling: 288 mm

— External cooling: 231 mm, in this case, the heatsink penetration depth
must be taken into account for the cooling duct.
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2.7 Infeed modules

2.7.1 Cooling components

Depending on the cooling method used, additional fan units and fan compo-
nents, specifically designed for the system, must also be ordered.

A differentiation is made between three different cooling types.

1. Forinternal cooling, the complete power loss remains in the electrical cabi-
net in the form of heat.

2. With external cooling, the power module power loss (thermal) is externally
dissipated in the form of heat and the power loss of the control unit is inter-
nally dissipated in the form of heat.

3. For pipe cooling, version with 300 mm wide modules with internal cooling,
the complete power loss in the form of heat is conducted to the outside us-
ing a pipe connected to the module.

The mounted fan is connected directly to the control cabinet line supply.

Fig. 2-6 Standard system design for 300 mm wide modules with mounted fan for internal cooling

i t Warning
The fan may only be commissioned if it is electrically connected to the module
housing (PE fan via module housing).

i t Caution
If the fan has an incorrect direction of rotation (see arrow) then cooling is not
guaranteed!
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2.7 Infeed modules

Version for the Order no.

6SN1145-1BB00—-0DA
6SN1145-1BB0O0-0EA
6SN1145-1BB0O0-0FA
6SN1123-1AA01-0FA
6SN1123-1AA00-0JA
6SN1123-1AA00-0KA

Hose cooling for a 1 tier configuration Pipe cooling for a 2—tier configuration
Package 1 for a single module Packet 2 for a 2—tier design

(Order No. 6SN11 62—0BA03-0AAL)

IIR

Minimum,
300 mm

PM

Version for the Order no.

6SN1145-1BB00—-0DA
6SN1123-1AA02-0FA

(Order No. 6SN11 62—0BA03-0CA1)

Fig. 2-7 System configuration with hose cooling (only for 300 mm wide modules)

2-58

The 2—tier design with pipe cooling is only permissible for the combination of
modules, order no. 6SN1145-1BB00-0DA at the top and
6SN1123-1AA02—0FA at the bottom.

Note
DC link connection, refer to Chapter 9.1.3.

For connection details for the DC link adapter set, refer to the dimension
drawing in Chapter 12.
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2.7 Infeed modules

2.7.2 Internal cooling
Cooling clearance
min. 100 mm clearance
Do not cover e.g., with cable,
to ensure the appropriate cooling
i
o] T °
i —=

ﬁ/@n

LT

==
=4

(e

&

Cooling clearance
min. 100 mm
clearance

Fig. 2-8 Power module with inserted control unit, internal cooling

Note

The power loss is dissipated in the cabinet and must therefore be taken into
account when engineering/dimensioning the cabinet cooling.
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2.7 Infeed modules

2.7.3 External cooling

Rear cabinet panel
(bare metal)

First mount the frame and
then seal!

M5 screw
Tightening torque 3 Nm

Discharged air,
electronics

Discharged air,
heatsink

e -
S—

Closed-loop
control

Seal the mounting frames
with respect to one another
and to the rear cabinet panel
(e.g. using Terostat—91
made by Henkel).

The sealant (preferably
inside the cabinet) should be
applied around the
circumference so that
degree of protection IP54 is
ensured.

It should be checked that the
foam rubber seal is tight — if
required, seal!

Power module with

! . Mounting
external cooling Air intake for frame
and heatsink seal the heatsink

Airintake for T 400C
the electronics
T  400C

Fig. 2-9 Power module with inserted control unit, external cooling

Note

Refer to Fig. 2-9 for the air flow direction and the dimension drawing in
Chapter 12 for the ventilation space. The dimensions of the installation frame
are presented in the dimension drawing in Chapter 12.

Notice

For external heatsinks and fans, a high degree of pollution restricts the module
cooling. This can cause the temperature monitoring function in the power
module to respond. The heatsinks and fans must be checked for accumulated
dirt at regular intervals.

Clean when required!
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2 System Configuration

Configuration
information

Seal

Mounted fans for
300 mm wide
modules

2.7 Infeed modules

For external cooling, the module heatsinks extend through the mounting plane
in the electrical cabinet and can therefore dissipate power loss into an external
cooling circuit.

The breakout in the mounting panel can be made for each module or also for a
complete group of modules. For a breakout for the complete group of modules,
the specific mounting frames for the modules should be used. For 300 mm wide
modules, the appropriate mounting frame must be used (Order No.:
6SN1162—-0BA04—0EAOQ). The dimension drawings for the breakouts are pro-
vided in Chapter 12.

The mounting frames should be installed from the inside of the cabinet or from
the rear. This also then guarantees the necessary mounting surface for EMC.

Note

The dimensions of the recesses for the reinforcing ribs have different lengths.
Ensure that the modules are mounted/installed in a standard way.

The reinforcing ribs of the mounting frames, that are rounded—off towards the
rear, have seals on both sides. A sealant (e.g. Terostat—96 made by Henkel)
must be used to seal the edges of the mounting frames in contact with the
mounting panel. Degree of protection IP 54 is achieved when the sealant is cor-
rectly applied.

The fan cable must be fed into the electrical cabinet using a PG gland to ensure
that the degree of protection is maintained.

The mounting panel must be sealed at the rear panel of the electrical cabinet so
that a closed space or duct is created. Depending on how the cabinet is
mounted (free—standing or installed in the machine), this must be cooled/venti-
lated via the roof/base assembly or the rear panel.

Make sure that the air inlet is unobstructed. The distance to the side walls must
be at least 50 mm.

Fans must not draw in any air contaminated with cooling lubricant nor must they
be sprayed with cooling lubricant, as this will considerably reduce their service
life because of them sticking and cooling ducts can become clogged.

For further information refer to the device—specific technical user documenta-
tion.

Control
cabinet inside

Control
cabinet
outside

Control
binet inside

Control
cabinet
outside

Equipment
combination

Cooling lubricant - | BN ey /A Cooling lubricant

Equipment
combination

Spray protection

Fig. 2-10  Spray protection for external cooling
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2.7 Infeed modules

Siemens AG 2013 All Rights Reserved
2-62 SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition



Motor Selection, Position/Speed Sensing

3.1 Motor selection

The motor type should be selected according to the mechanical and dynamic
requirements placed on the motor.

3.1.1 Motor protection

To protect the motors, the specified motor protection circuit breakers should be
connected downstream, which only switch a signal contact when the motor has
an overload condition.

If the motor is separated from the power module with the pulses enabled during
operation, then there is the danger that the power module will destroy itself to-
gether with the control unit. Because of the harmonic oscillations in the current,
set approx. 10% above the rated current!

Note
Notice for UL applications:

These devices are not provided with load and speed sensitive overload protec-
tion and thermal memory retention up on shutdown or loss of power (for details
see NEC, article 430.126(A)(2).

Anyway, the drives provide signal inputs for motor temperature (see chapters
5.1and 5.2) and output signals to indicate motor overload conditions (see chap-
ter 6.1).

3.1.2 Motors with holding brake

Description The holding brake mounted onto the motors is used to brake the motor when it
is already at a standstill. In an emergency, it can also additionally reduce the
braking travel. The holding brake is not an operational brake.
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3.2 Motor encoder

Suspended

(hanging) I?ads

Notice
The motor holding brakes should only be actuated at standstill.

If the holding brake is operated during operation or while the motor is turning,
this results in increased wear and shortens the lifetime of the holding brake.
This is the reason that failure of the holding brake must already be taken into
consideration when engineering the system. A hazard analysis must be
performed.

Danger

Special attention and consideration must be given when holding brakes are
used for suspended (hanging) loads (injury, crushing, possibility of death,
machine damage) as this application represents a high potential hazard.

3.2 Motor encoder

General

Recommended
encoder signals
for fault—free
operation with
sin/cos 1 Vpp

3-64

The motors are equipped with various encoder systems to sense the rotor posi-
tion and speed.

Reference: refer to Appendix B in the relevant Configuration Manual
of the motors

The assignment of the SIMODRIVE units to the servo/main spindle motor types
and encoder systems is shown in the Table 3-5.

Depending on the requirements, various types of encoder are used and pro-
cessed in the appropriate modules:

sin/cos 1 Vpp or EnDat encoder

SSl encoder (only SIMODRIVE 611 High Performance, High Standard, HLA/
ANA)

Resolver (only SIMODRIVE 611 universal)
TTL encoder (only SIMODRIVE 611 universal with induction motors)

Induction motors can also be operated without encoders.

The modules provide high encoder resolutions with internal pulse multiplication.

The following encoder signals are recommended for fault—free operation:

For track signals A+, A—, B+, B—, C+, C—, D+ and D—
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3.2 Motor encoder

Signal 4

5V

20, AN S T N
30V S S S

A

Fig. 3-1 Signal characteristics for track signals A+, A—, B+, B—, C+, C—, D+ and D—
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3.2 Motor encoder

Resolver

3-66

For zero pulse/reference signal R+ and R—

Signal 4

5V

35V

15V

Fig. 3-2 Signal characteristics for zero pulse/reference signal R+ and R—

If other encoder signals are used or in the case of TTL encoders, encoder sig-
nal monitoring can be triggered. In particular, the lower signal level for reference
signals R+ and R— must be carefully observed.

Key data for resolver as motor encoder:
Pin assignment: in accordance with Chapter 4.3.2, Table 4-13
Number of pole pairs: 1 or equal to the pole—pair count of the motor

Resolver excitation:
the control unit produces the voltage with 4.3 Vrus at 9.6 kHz

Nominal input voltage of the controller: sin/cos 2.0 Vrus

Transmission coefficient of the resolver: approx. 0.46 at 9.6 kHz (often de-
scribed with 1:2 transformation ratio in the datasheets)

The resolver excitation is controlled within the control range to provide the
input voltage of 2.0 Vrps-

Maximum excitation current: 28 mAgys (corresponds to the minimum mag-
nitude of 154 Q of the complex input impedance of the resolver)

Note

The named key data represent starting values for the selection of the resolver
but not a complete specification of the resolver interface. In specific cases, the
user must check whether the chosen resolver in the complete system meets
the requirements.
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3.2 Motor encoder

Theoretic

resolutions in Encoder sinfcos 1V

SIMODRIVE ncodaer sin/cos pp

modules "High Performance” and SIMODRIVE 611 universal control units can be

parameterized for encoders up to 65,535 incr./rev. The increment value
is increased by the factor 2048 using pulse multiplication in the evalua-
tion of the modules.

Encoders with 2048 incr./rev. are used in preference. The resolution is

then approx. 4.2 million incr./rev. An increment then represents on a

10 mm spindle (10 mm/(2048 2048) = 2.4 nm.

This means the "High Standard” control unit with a pulse multiplication of
128 with the standard encoder would then be resolved theoretically up to
(10 mm/2048/128) = 38 nm with the 10 mm spindle.

For direct measuring systems (internal pulse multiplication also 2048),
an encoder pulse number up to 32 bits can be set.

Linear scales can be parameterized with grid divisions from O to
8,388,607 nm. Linear encoders with 20 pm grid division are used primar-
ily; the resolution is then (20 um/2048) = 10 nm.

The encoder limit frequency fg, with sin/cos 1 Vpp encoders, for "High
Performance” and SIMODRIVE 611 universal control units can be as
high as 350 kHz, with secondary conditions up to 420 kHz, and max.
200 kHz for "High Standard” control units.

With the encoder 2048 incr./rev., with 350 kHz  (60s/2048) up to
10,250 RPM can be processed.

The "High Standard” control unit with the standard encoder permits max.
200 kHz (60s/2048) up to 5,860 RPM.

Linear encoders (20 pm grid) permit speeds with
350 kHz (20 um 60s) up to 420 m/min.

Resolver

The SIMODRIVE 611 universal control unit in the variant with resolver
(1 — 6 pole pairs) permits resolutions with 12— or 14—bit and encoder limit
frequencies up to 432 Hz or 108 Hz.

For a resolver with 1 pole pair, 12— or 14—bit achieves the resolution
4,096/rev. or 16,384/rev. namely 4,096 incr./rev. or 16,384 incr./rev.

The position resolution with 10 mm spindle pitch corresponds theoreti-
cally to 2.5 um or 0.6 pm. The values are correspondingly more favor-
able for resolvers with a higher number of poles, e.g. for six pole pairs.

Maximum speeds can be achieved with 12 bits and for pole pair 1 to
432 60 = 26,000 RPM and with 14 bits up to approx. 6,500 RPM.
Resolvers with a larger number of poles, e.g. six pole pairs, permit only
correspondingly lower speeds.

Note

Because encoder systems (as result of excitation frequency, excitation
amplitudes, windings, non—symmetry of the poles) can exhibit relatively high
tolerances in the evaluation for analog/digital conversion, the actually
achievable values are significantly lower in practice.
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3.2 Motor encoder

Encoder with TTL signal

For the speed control of induction motors with SIMODRIVE 611 universal
HRS control units, sin/cos 1 Vpp variant, TTL encoders can be connected
and evaluated.

The limit frequency fg can be as high as 420 kHz.

The SIMODRIVE 611 universal E HRS control unit allows only one TTL sig-
nal to be passed to a higher level controller using the PROFIBUS DP.

Note

The actually achievable system quality with regard to speed or positioning
accuracy depends primarily on the quality of the used encoders and other
influencing factors, such as:

the mechanical system (rigidity, backlash, mass (GD2)), and also

the control-engineering configuration of motors, power, controller
(interpolation and control cycles, control parameters, etc.)

In practice, the previously mentioned effects mean the quality that can be
achieved in a real system is significantly lower than the theoretically achievable
quality.
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3.4 Direct position sensing
3.3 Indirect position and motor speed sensing
The various possibilities for indirect position and speed sensing and to position
the motor shaft as a function of the drive configuration (SINUMERIK,
SIMODRIVE and Motor) are shown in Table 3-6 (Chapter 3.5).
3.4 Direct position sensing

34.1 Encoder systems that can be evaluated

Recommended
encoder signals
for fault—free
operation with
sin/cos 1 Vpp

Parameterizable
encoder limit
frequency

(as of SW 5.1.14)

The various possibilities for direct position sensing for positioning as a function
of the drive configuration (SINUMERIK, SIMODRIVE and Motor) and the en-
coder system being used are shown in Table 3-7 (Chapter 3.5).

As a result of the higher data transfer reliability, we recommend that sinusoidal
voltage signals are used.

The following encoder signals are recommended for fault—free operation:

, refer to Chapter 3.2 "Motor encoders”

Machine data MD 1326: $MD_SAFE_ENC_FREQ_LIMIT can be used to para-
meterize a limit frequency. The maximum value is 420 kHz, the lower limit and
default value is 300 kHz.

Note
Changes to this MD may only be made carefully taking into account the
prevailing conditions.

This functionality is only supported by SIMODRIVE 611 digital High
Performance control units.

Table 3-1 Encoder limit frequency and speed

Encoder pulses/
rev.

Speed at the maximum encoder limit frequency

200 kHz 300 kHz 420 kHz
2048 5800 RPM 8700 RPM 12300 RPM
1024 11600 RPM 17400 RPM 24600 RPM
512 22200 RPM 34800 RPM 49200 RPM

The following secondary conditions/limitations are specified:
1. Cable to be used:

Siemens cable, Order No.: 6FX2002-2CA31-1CFO
2. Maximum permissible encoder cable length:

Encoder limit frequency 420 kHz: 20 m

3. Encoder characteristics: "-3dB cut—off frequency” greater than or equal to
500 kHz
Examples of encoders that can be used:
ERA 180 with 9000 pulses/rev and ERA 180 with 3600 pulses/rev from the
Heidenhain Company.

4. The amplitude monitoring that is active up to 420 kHz.
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3.4 Direct position sensing

Incremental systems with two sinusoidal voltage signals A, B offset by
90 degrees (several, for distance—coded systems) reference mark(s) R.

Transfer: Differential signals
A, *A; B, *B and R, R*

Amplitude A — *A 1 Vpp + +20% —25%

Amplitude B - *B 1 Vpp + 20% —25%

Amplitude R —*R 0.2 Vpp ... 1 Vpp

Power supply: 5V + 5% (also refer to Chapter 3.4.2
Encoder power supply)

Max. power supply current: 300 mA

Max. processable enc. signal frequency: 200 kHz standard module/

420 kHz (as of SW 5.1.14)1)
350 kHz

Note

For the above specified max. encoder signal frequency, the signal amplitude
must be > 60% of the nominal amplitude and the deviation of the phase shift
from the ideal 90 between track A and B must be < 4- 30 .

Observe the frequency characteristic of the encoder signals.

Fig. 3-3

Signal characteristic for a clockwise direction of rotation

1) Refer to parameterizable encoder limit frequency (as of SW 5.1.14)

3-70
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3.4 Direct position sensing

Singleturn, multiturn and linear absolute systems with two sinusoidal volt-
age signals A, B offset by 90 degrees and EnDat interface

Transfer, incremental signals: Differential signals
A, *A and B, *B
Amplitude A — *A 1 Vpp + +20% —25%
Amplitude B - *B 1 Vpp + 20% —25%
Transfer, serial signals: Differential signals
data, *data and clock, *clock
Signal level: acc. to EIA 485
Power supply: 5V £ 5% (also refer to Chapter 3.4.2

Encoder power supply)
Max. power supply current: 300 mA

Max. processable enc. signal frequency: 200 kHz standard module/
420 kHz (as of SW 5.1.14)1)
350 kHz

Note

For the above specified max. encoder signal frequency, the signal amplitude
must be > 60% of the nominal amplitude and the deviation of the phase shift
from the ideal 90 between track A and B must be < 4- 30 .

Observe the frequency characteristic of the encoder signals.

UL N T
TN g. N
N

Nivg N

Fig. 3-4 Signal curve of incremental tracks for clockwise rotation

1) Refer to parameterizable encoder limit frequency (as of SW 5.1.14)
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Incremental signals with two square wave signals A, B offset by 90 de-
grees and reference mark(s) R SIMODRIVE 611 universal HRS/
SIMODRIVE universal HRS E

Transfer: Differential signals
A, *A; B, *B and R, *R

Signal level: According to RS422

Power supply: 5V + 5% (also refer to Chapter 3.4.2
Encoder power supply)

Max. power supply current: Max. 300 mA

Max. encoder signal frequency

that can be evaluated: 420 kHz

Note

For the above specified max. encoder signal frequency, the edge clearance
between track A and B must be = 200 ns.

Observe the frequency characteristic of the encoder signals!

—A A

90 el

] [

360 el
B—*B *‘L“—H

i
|
0 \ >
R—*R A 1 Range of uniqueness J
| STTT77777 TANNNN
ey AN
° | y -

Fig. 3-5 Signal characteristic for a clockwise direction of rotation
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3.4 Direct position sensing
SSI encoder The SSI encoder is used as direct position measuring system (NC) (SSI scale/

encoder is attached to the load). In addition to this direct position measuring
system, on the motor side, the speed is sensed using an incremental motor
encoder.

The exception is the measuring system sensing for SIMODRIVE 611D HLA,
where the linear scale can be used as "motor measuring system”.

The used SSI encoders must comply with the following specification:

Gray or binary—coded encoders can be used under the assumption:

Error bit/alarm bit is the LSB; if, in addition, a parity bit is transferred, then
this is the next to last bit. If an alarm bit is not transferred, then the parity bit
is the LSB.

The net (useful) information — also as parity or error bit/alarm bit — are either
gray or binary—coded — but never mixed.

Message frame length (including alarm and/or parity):
— SIMODRIVE HLA 13 and 25 bit,
— SIMODRIVE 611D from 13, to 25 bit

Data format: SIMODRIVE HLA only right justified

For HLA: The encoder zero point of the linear encoder (absolute value 0)
must not be located in the traversing range.

Transfer frequency, f: 100 or 500 kHz.
Monoflop time:

— at 100 kHz ty, min 12 ps,

— at 500 kHz t;, min 2.4 ps,

- orty>12.1/f

Operation is only possible without Safety Integrated!

Note

Only SSI encoders without incremental tracks may be used. The connection of
SSI encoders is not possible on the connection for the indirect measuring
system (X411, X412). The use as direct measuring system is possible only for
HLA axes.

3.4.2 Encoder power supply

Remote/sense operation is possible with the encoder power supply for the
motor measuring systems and the encoder power supplies for the measuring
systems for direct position sensing (voltage controlled directly on the encoder to
+5%).
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3.4 Direct position sensing

Remote/sense
operation means:

High Performance
digital FD and
MSD drive control

The power supply voltage of the measuring system is sensed using the sense
lines P sense and M sense (quasi zero—current measurement).

The controller compares the measuring system power supply voltage, sensed
using the remote sense lines, with the reference power supply voltage of the
measuring system and adjusts the power supply voltage for the measuring
system at the drive module output until the required power supply voltage is set
directly at the measuring system.

This means that the voltage drops across the power supply cables — P encoder
and M encoder — are compensated and corrected by the encoder power supply.

The reference voltage is generated from a reference voltage source and is 5 V.

This means that it is possible to use cable lengths up to 50 m without having to
operate the measuring systems with an undervoltage condition.

Note

All data only apply for SIEMENS pre—assembled cables as these are correctly
dimensioned regarding the cable cross—sections.

For SIMODRIVE connection systems and also for the measuring system
suppliers, remote/sense operation is only possible for encoder systems with
voltage signals.

For motor measuring systems and mounted SIMODRIVE sensor encoders, the
sense lines are connected in the encoder or in the connector on the encoder
side. For third—party encoder systems, the customers must make the
appropriate connections.

Remote/sense operation

Drive module

— 71— <| P encoder
—T—<| P sense
— </ M encoder
—t—<|Msense

=

Measuring system without
remote/sense lines

Drive module

— 71— <| P encoder
—T—<| P sense
— </ M encoder
—T—<| M sense

pad

I< 50m ; m |< 5m ﬁPencodeJ
\_ ij ¥M encoder

Customers must make the connections,

i.e. P encoder with P sense and

M encoder with M sense Measuring system with
remote/sense lines

l< 50m =[] 1s5m ﬂﬁggﬁggerj
< >— M encoder
\— 3—/ w M sense

Fig. 3-6 Signal overview of the connections
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3.4.3 Encoder power supply for SSI encoders

General For SIMODRIVE, an internal 5 V is provided to supply encoders. When using
information SSI encoders, the power supply voltage must be externally connected to the
encoder cable.

What has to be The following must be observed (refer to Fig. 3-7):
observed?

Note

SSl encoders are likely to have lower noise immunity due to the encoder and
the 24 V power supply.

The encoders must be supplied with a separately regulated 24 V voltage
(e.g. SITOP power) in order to avoid disturbances/noise due to contactors, etc.

The external 24 V power supply must have "safe separation” (PELV).

Filter data:

— The special filter is required in order to filter—out noise and disturbances
— Maximum continuous operating current = 0.8 A (use a fuse!)

— Max. voltage =30 V

— One filter is designed for two encoders with a maximum current = 0.4 A

The 24 V supply (reference potential) should be connected to the electronics
ground of the system (e.g. terminal X131 on the NE module) if this connec-
tion is not already provided in the encoder.

Maximum cable length between the 24 V supply and the filter 10 m
Maximum encoder cable = 40 m
The technical data of the encoder manufacturer must be carefully observed.

Third—party encoders must be connected using the adapter cables provided
by the particular manufacturer.

L+
24 Vpc

L—

08A ||
. e.g. at terminal X131
Filter | of the NE module

6SN1161-1DA00-0AAQ0 |

6FX8002-2CC80-.../OEMI ~ 40m
Power supply cables | << 20 cm

P

- - -

SIMODRIVE 611

SSI
encoder

Fig. 3-7 Connecting SSI encoders to SIMODRIVE 611
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M5x12 max.

>
S
a
>
%)
=
o
=
e
o

10.5mm

Connection example for the High Performance digital control

Fig. 3-8

M5x12 max.

10.5mm

Connection example for the "HLA module” control board

Fig. 3-9
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3.4.4 Signal amplifier electronics

The signal amplifier electronics (SVE) is used for encoders with current signals
between the encoder and drive module to convert the current signals into volta-
ge signals 1 Vpp .

The signal amplifier electronics were developed for optical encoder systems
equipped with photodiodes and no additional supplementary electronics (exam-
ple, ROD 456 from the Heidenhain company). However, there are many encod-
er systems in the market with integrated electronics where the behavior of cur-
rent signals is only roughly emulated. As a result of the many options available,
a general statement regarding the compatibility between the encoder, SVE and
closed—loop control cannot be made.

Notice

For new applications, no longer use encoders with current signals, as voltage
signals offer a higher noise immunity.

The signal amplification electronics can be used in conjunction with the
following control modules:

SIMODRIVE 611 digital High Standard or High Performance
SIMODRIVE 611 universal HRS/E HRS for encoders with sin/cos 1Vpp
HLA module

ANA module

Table 3-2 Technical data of the signal amplifier electronics

Technical specifications

Signal shape Sine/cosine

Input signal 7 uApp t0 16 pApp
Output signal 1Vpp

Max. signal frequency 300 kHz

Max. operating voltage 8VDC

At the remote sense

Max. operating current 200 mA

Encoder voltage supply 5VDC 5%

Max. encoder current supply 120 mA

Dimensions (W x H x D) 54 mm x 121 mm x 57 mm
Order number 6SN1115-0AA12—-0AA0
Housing degree of protection IP65
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3.4 Direct position sensing

SVE pin assign-

ment Encoder signal input (for encoders with current signals) at the signal amplifi-
cation electronics (SVE).
A 9—pin flange—-mounted socket with socket contacts for standard round
encoder connectors is provided at the SVE.
The input is located on the side with the PE connection.
Table 3-3 Assignment of the SVE signal input
Pin | Signal name Function
1 AP Current signal input for incremental track A
2 AN Inverse current signal input for incremental track A
3 P_ENCODER | Encoder power supply
4 M_ENCODER | Encoder power supply ground
5 BP Current signal input for incremental track B
6 BN Inverse current signal input for incremental track B
7 RP Current signal input for track R (zero mark/reference pulse)
8 RN Inverse current signal input for track R
(zero mark/reference pulse)
9 SHIELD Ground pin to connect the inner shield
Output of the SVE (connection to the SIMODRIVE controls, input at the
direct measuring system for voltage signals).
A 12—pin flange—mounted socket with plug contacts for standard round en-
coder connectors is provided at the SVE.
Table 3-4 Assignment of the SVE signal output
Pin | Signal name Function
1 BN Inverse voltage signal output for incremental track B
2 PSENSE Remote Sense encoder power supply (P)
3 RP Voltage signal input for track R (zero mark/reference pulse)
4 RN Inverse voltage signal input for track R (zero mark/reference pulse)
5 AP Voltage signal output for incremental track A
6 AN Inverse voltage signal output for incremental track A
7 - not assigned
8 BP Voltage signal output for incremental track B
9 - not assigned
10 | MENC Encoder power supply ground
11 MSENSE Remote Sense encoder power supply (M)
12 | PENC Encoder power supply
Siemens AG 2013 All Rights Reserved
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3.5 Overview, position sensing

Table 3-5 Assignment, motor measuring systems to control unit

Drive control unit, High Performance (FD mode)

Drive control unit, High Performance (MSD mode)

Drive control unit, High Standard (FD mode)

Drive control unit, High Standard (MSD mode)

Drive control unit 611 universal HRS resolver

Drive control unit 611 universal HRS— 1 Vpp voltage signals

Motor type
Encoder system
Yes 1FK Resolver
Servo motor
Yes Yes Yes | 1FT/1FK Incremental encoder 1 Vpp
Servo motor
Yes Yes Yes | 1FT/1FK Multiturn absolute encoders
Servo motor
Yes Yes Yes | 1FN Incremental encoder (Hall sensor box) 1 Vpp
Linear motor Absolute encoder
Yes Yes Yes | 1PHA4/6/7 Incremental encoder 1 Vpp
Main spindle motor
Yes Yes Yes | 1IFE1/1PH2/1PM/2SP1 Incremental encoder (hollow—shaft encoder) 1 Vpp
Main spindle motor (toothed wheel or magnetic)
Yes Yes Yes | 1IFW Incremental encoder 1 Vpp
Built—in torque motor Absolute encoder
Yes Yes | Yes | Yes | 1LA standard motor Encoderless (sensorless)
Table 3-6 Indirect position (motor rotor position) and motor speed sensing digital controls
Version of
the Indirect position (motor rotor position) and motor speed
control sensing digital controls
board

SINUMERIK [ TH————fT| SIMODRIVE | 50m

Drive 840D powerline . drive module

control drive bus Drive bus

High Perfor—

mance/ 1FT6

High Stan- 1FK

dard 1PH E jXﬁ‘:'

1PM

Incremental
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Table 3-7 Direct position sensing, digital control
Version of
the . . . _
control Direct position sensing, digital controls
board
BERO function
SINUMERIK ﬂ:[ SIMODRIVE not released for FD
840D powerline _ drive module OmM cremental
drive bus Drive bus E
@ /
B 1PH4/6/7 ] Bero®
1FE
_
Toothed wheel
SINUMERIK D:D] SIMODRIVE | 50 °
840D powerline drive module m
drive bus Drive bus }7 [ iEEZ
N\
Ay Spindle
Voltage signals Sensor head
Drive
control
High Perfor—
mance/ Linearz)_
High Stan- 50 measuring
dard SINUMERIK |1 [T SIMODRIVE " system
840D powerline drive module incremental
drive bus Drive bus
" T =
NN 1FK
Jm/i
Voltage signals I<50m
Linear measuring
system
SINUMERIK  [T}—————{T] SIMODRIVE om incremental and
840D powerline _ drive module absolut
drive bus Drive bus
[ 1FTGE
XX 1FK
Ah

Voltage signals
and EnDat interface

I1<50m
clock ruuuuLun

1) The absolute accuracy for so—called synchronization with a BERO depends on the following:
— the switching time of the BERO

— the hysteresis of the BERO
— the signal edge gradient (rate—of—rise) of the BERO signal (depending on the direction of rotation) and the switching
thresholds in the drive; high > 13V, low <5V
— the search speed and the signal runtimes in the evaluation electronics

2) Distancecoded reference marks can be evaluated
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3.6 Ordering information
Table 3-7 Direct position sensing, digital control, continued
Version of
the . . . _
control Direct position sensing, digital controls
board
Rotary measuring system,
incremental
Drive SINUMERIK [ [l—————/[] SIMODRIVE bosom o cremental
control 840D powerline ) drive module |
High Perfor— drive bus Drive bus
mance/ =
High Stan-
el o/ 1PHaer7
1FE
incremental or
SINUMERIK D:[ SIMODRIVE I 50m incremental + absolute
840D powerline drive module linear scale
drive bus Drive bus
. 1FN|
1 Hall sensor box
Drive C T T
control
High Perfor—
mance
SINUMERIK [ Th————HT] SIMODRIVE lsom
840D powerline drive module
drive bus Drive bus [ 1Fw
Temp
3.6 Ordering information

Refer to the relevant catalog for the Order Nos. of the specified components

Pre—assembled encoder cables
with the appropriate maximum
permissible cable lengths

Toothed—-wheel encoder and the diagnostics

box required to make adjustments
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11.05 4 Control Units
4.3 "SIMODRIVE 611 universal HRS” control board

Control board for The following 1-axis control boards are available:
1 axis

1-axis for resolvers
These interfaces have
no function for the
1-axis version

Mounting slot for

Optional TERMINAL module
or

Optional PROFIBUS DP module

Interfaces

Terminals

Switches

=

= v

103

Memory module \#
A

Firmware i

E,:

User data 2
o1

Display and operator unit

Pulse interface

Equipment bus ~

The following applies to retaining screws:

Tighten (to establish a good shield contact)
max. torque = 0.8 Nm

For plug connections:

Plug connectors with the same number of pins must be
appropriately coded so that they cannot be interchanged (refer to
the index entry "Coding the mini connectors”).

Fig. 4-5 Control board for 1 axis (SIMODRIVE 611 universal HRS)
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4.3 "SIMODRIVE 611 universal HRS” control board

Optional terminal

An additional 8 digital inputs and outputs can be realized using this optional

module module.
The functionality of these inputs/outputs can be freely parameterized.
Note
The input/output terminals of the optional TERMINAL module are
— Before SW 4.1: permanently assigned to drive A or axis A
— As of SW4.1: can be freely assigned axes
The optional TERMINAL module can be used as follows, dependent on the
software release:
— The following applies before SW 2.4:
The module can only be used in the "positioning” mode.
— The following applies as of SW 2.4:
The module can be used independently of the operating mode.
D
:g 8% 5 Xf‘22 Order number: 6SN1114-ONAOO-0AAO
16 Ol 5| 8inputs
7 OO p
8 | OM p
19 1T D
110 | OO0 P
111 | OI7 p
o4 | O P
os | O Pp
o6 | Ol Pp
o7 | O[T Pp
08 O 0 p For screws:
09 | OO0 | x432 . .
010| (O[] b Tighten (due to the shield contact)
8 outputs
O11| O[I b P max. torque = 0.8 Nm
Fig. 4-6 Optional TERMINAL module
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"SIMODRIVE 611 universal HRS” control board
Optional The "SIMODRIVE 611 universal” control board can be connected and operated
PROFIBUS DP as DP slave on the PROFIBUS DP fieldbus when this optional module is used.
module
X423
0
O
O
O
O
O
O
O
O
For screws:
O Twofcolor L.ED Tighten (due to the shield contact)
for diagnostics

max. torque = 0.8 Nm

Fig. 4-7 Optional PROFIBUS DP module

Table 4-8 Which optional modules are available?

Designation Order No. (MLFB)

Properties

PROFIBUS DP2 6SN1114-0NBO0-0AA2

PROFIBUS ASIC DPC31 without PLL

For control boards as of SW 3.1, this module can replace the
optional PROFIBUS DP1 module

Features that
PROFIBUS DP2 and DP3 have in common

Requirement:
Control board as of SW 3.1 is required

Cyclic data transfer (PKW and PZD section) possible
FW module can be updated using SimoCom U
Non-cyclic data transfer (DP/V1)

"SimoCom U via PROFIBUS” possible

PROFIBUS DP3 6SN1114-0NB0O1-0AAL

PROFIBUS ASIC DPC31 with PLL

"Motion Control with PROFIBUS DP” function (clock—synchro-
nous PROFIBUS operation) is possible

Siemens AG 2013 All Rights Reserved
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4.3 "SIMODRIVE 611 universal HRS” control board

Table 4-9 Which optional modules can be used for the various software releases?
Case Firmware version Optional module
DP2 DP3
1. A master configured software, generated with GSD file as of SW 3.1 Yes Yes
siem808f.gsd, can be operated with
2. A master configured software, generated with a GSD file before SW 4.1 Yes Yes
siem8055f.gsd and P0875 = 2, can be operated with
3. A master configured software, generated with a GSD file as of SW 4.1 Yes Yes
siem8055f.gsd and P0875 = 2, can be operated with
4. Master configured application, generated with a GSD file as of SW 6.1 Yes Yes
si02808f.gsd and P0875 = 2 can be operated with

Note
Case 1 is for "new” applications with the DP2, DP3 module.

Cases 2 and 3 are for series commissioning of drives using DP1 modules and
for replacing a defective DP1 module by a DP2 module.
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4 Control Units

4.3 "SIMODRIVE 611 universal HRS” control board

4.3.2 Description of the terminals and interfaces
Board— The board—specific terminals and interfaces are available jointly for drive A and
specific B of a 2—axis module.
terminals and
interfaces
Table 4-10 Overview of the board—specific terminals and interfaces
Terminal Function Type | Technical specifications
1
No. Designa-
tion
Signaling terminal, start inhibit (X421)
AS13) Signaling contact NC Connector type: 2—pin conn. strip
Start inhibit Max. cond. cross—sect.: 2.5 mm?2
3 X421 Feedback signal from Contact: Floating NC contact
AS29) terminal 663 Contact load capability: at 250 Vac max. 1 A%
at 30 Vpc max. 2 A
AS1 AS1 D—_|
1 1
| |
AS2 | Relay, safe AS2 |  Relay, safe
start inhibit start inhibit
T. 663 — T. 663 —
Pulses not enabled (T. 663) Pulses enabled (T. 663)
The gating pulses of the power The gating pulses of the power
transistors are inhibited. transistors are enabled.
Terminals for supply and pulse enable (X431)
X431 Connector type: 5—pin conn. strip
Max. cond. cross—sect.: 1.5 mm?2
P24 X431.1 External supply for S
digital outputs Voltage tolerance
(+24 V) (including ripple): 20,4V to 28,8 V
M24 X431.2 Reference for the ex- S
ternal supply
The external supply is required for the following digital outputs:
8 outputs of the drive—specific terminals (X461, O0.A — 03.A/X462, O0.B — O3.B)
8 outputs of the optional TERMINAL module (X432, O4 — O11)
When dimensioning the external power supply, the total current of all of the digital outputs must be taken into
account.
Maximum total current:
for the control board (all 8 outputs): 24A
for the optional TERMINAL module (all 8 outputs):  Max. 480 mA
Example:
Board/module Outputs Dimensioning the external supply
Control board 8 max. 1.5 A —>24V/1L5A
Control module +
optional TERMINAL module 8 + 8 max. (1.5 A+280mA) —>24V/1.8A
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4.3 "SIMODRIVE 611 universal HRS” control board
Table 4-10 Overview of the board—specific terminals and interfaces, continued
Terminal Function Type | Technical specifications
1
No. Designa-
tion
9 X431.3 Enable voltage S Reference: Terminal 19
(+24 V) Maximum current(for the total group): Max. 500 mA
Note:
The enable voltage (terminal 9) can be used to supply the
enable signals (e.g. pulse enable) as 24 V auxiliary voltage.
663 X431.4 Pulse enable | Voltage tolerance(including ripple): 21Vto30V
(+24 V) Typ. current consumption: 50 mA at 24 V
Note:
The pulse enable acts simultaneously on drive A and drive B.
When this pulse enable is withdrawn, the drives "coast down”
unbraked.
19 X431.5 Reference S Note:
(Reference for all digital If the enable signals are to be controlled from an external volt-
inputs) age source, the reference potential (ground) of the external
source must be connected to this terminal.
Serial interface (X471)
- X471 Serial interface for 10 Type: 9—pin D—sub socket connector
"SimoCom U” Cable diagram and pin assignment for RS232 or RS485, refer
to:
Reference:
/FB611U/ Description of Functions, SIMODRIVE 611 universal
Equipment bus (X34)
- X351 Equipment bus 10 Ribbon cable: 34—pin
Voltages: various
Signals: various
Test sockets (X34)
DAC1 Test socket 12) M Test socket: 2mm
DAC2 Test ket 22) M Resolution: 8 bits
X34 est socke Rated operating voltage: OVto5V
M Reference M Maximum current: Max. 3 mA
1) I Input; IO: Input/output; M: Measuring signal; NC: NC contact; S: Supply
2) Can be freely parameterized
3) When connecting contacts AS1/AS2 in series, a contact voltage drop up to max. 0.2 V must be taken into account for
the lifetime of the contacts (100000 switching operations). For a 24 V switching voltage, due to the non-linear contact
characteristics, from experience, five contacts can be simply connected in series without encountering any problems.
4) In accordance with EN 602041 (machine safety) control-power transformers should be provided when
AC control voltages are used.
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4.3

"SIMODRIVE 611 universal HRS” control board

Drive— The drive—specific terminals are available for both drive A and drive B.
specific
terminals
Table 4-11 Overview of the drive—specific terminals
Terminal Function Type | Technical specifications
1
Drive A Drive B
No. Designa- | No. Designa-
tion tion
Encoder connection (X411, X412)5)
- X411 - - Motor encoder | See Chapter 3
connection Type: 25—pin D—sub plug connector
Drive A Note:
Encoder limit frequencies:
- - - X412 Motor encoder ! Encoder with sin/cos 1 Vpp: 350 kHz
connection
Drive B Resolver: 12 bits 432 Hz
or 14 bits 108 Hz
connection, direct Enc. with TTL signal: 420 kHz
measuring system For the encoder connection, refer to Tables
(as of SW 3.3) 4-12 and 4-13
Analog outputs (X441)
75.A X441.1 - - Analog output 12) AO Connector type: 5—pin conn. strip
Wiring:
16A | X412 _ _ Analog output 22 A0 Connect the cable with the braided shield at
both ends
Max. cond. cross—section for finely—
- - 75.B | X441.3 Analog output 12) AO | stranded or solid cond.: 0.5 mm?2
Rated operating voltage:  —-10Vto +10 V
Maximum current: 3 mA
- — 2)
16.B X441.4 Analog output 2 AO Resolution: 8 bits
Update: In the speed—contr.
15 X441.5 15 X441.5 Reference - clock cycle
short—circuit proof
Terminals for analog inputs and digital inputs/outputs (X451, X452)
X451 X452 Connector type: 10—pin conn. strip
Max. cond. cross—section for finely—stranded or solid cond.: 0.5 mm2
56.A X451.1 56.B X452.1 Analog input 1 Al Differential input
Rated operating voltage:—12.5 V to +12.5 V
14.A X451.2 14.B X452.2 Reference Input resistance: 100 kQ
24A | X451.3 |24B |X452.3 | Analoginput2 Resolution: 14 bits (sign + 13 bits)
Wiring: Connect the cable to the
20.A | X451.4 20.B | X452.4 Reference braided shield at both ends
65.A X451.5 65.B X452.5 Controller enable | Typ. current consumption: 6 mA at 24 V
Drive—specific Signal level (incl. ripple)
High signal level: 15Vto 30V
Low signal level: -3Vto5V
Galvanic isolation: Ref. is T. 19/
T. M24
9 X451.6 9 X452.6 Enable voltage S Reference: Terminal 19
(+24 V) Maximum current
(for the total group): 500 mA
Note:
The enable voltage (terminal 9) can be
used to supply the enable signals (e.g. con-
troller enable).
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4.3 "SIMODRIVE 611 universal HRS” control board

Table 4-11 Overview of the drive—specific terminals, continued
Terminal Function Type | Technical specifications
1
Drive A Drive B
No. Designa- | No. Designa-
tion tion
10.A X451.7 10.B X452.7 Digital input 02) DI Voltage: 24V
Fast input3) Typ. current consumption: 6 mA at 24 V
e.g. for equivalent zero Signal level (incl. ripple)
mark, external block High signal level: 15Vto 30V
change Low signal level: -3Vto5V
LA X4518 LB X452.8 Digital i 12) DI sampling time, fast input: 62.5 ps
: ) ’ ) F'g'ta,‘ input Galvanic isolation: Ref. is T. 19/T. M24
ast input Note:
I2.A | X451.9 2B | X452.9 Digital input 22) DI An open~circuit input is interpreted as 0
signal.
13.A X451.10 |13.B X452.10 | Digital input 32) DI
Drive—specific terminals (X461, X462)
X461 X462 Connector type: 10—pin conn. strip
Max. cond. cross—section for finely—stranded or solid cond.: 0.5 mm2
A+.A | X461.1 A+.B | X462.1 Signal A+ 10 Incremental Shaft Encoder Interface
A-A | X461.2 A-B | X462.2 Signal A 10 (AIE int.)
i : i : Ignal A= Wiring:
B+.A | X461.3 B+.B | X462.3 Signal B+ 10 Cable with braided shield, connected at
B-A |X4614 |B-B |X4624 | Signal B- 10 both ends.
- The reference ground of the connected
R+.A | X461.5 R+B | X462.5 Signal R+ 10 node should be connected to terminal
R—A |X4616 |R-B |X462.6 | Signal R 10 X441.5 or X461.7.
Condition to maintain the surge
15 X461.7 15 X462.7 | Ground reference - strength: Cable length < 30 m

Note:
Devices (stations) can be connected which conform to the RS485/RS422 standard.
The angular incremental encoder interface can either be parameterized as an input or output.

Input To enter incremental position reference values
Output To output incremental actual position values
O0.A | X461.8 00.B | X461.8 Digital output 04 DO Rated current per output: 500 mA
Maximum current per output: 600 mA
Maximum total current: 24A
O1.A | X461.9 O1.B | X461.9 Digital output 14) DO | (valid for these eight outputs)

Voltage drop, typical: 250 mV at 500 mA
short—circuit proof

O2.A | X461.10 |02.B |X461.10 | Digital output 2% po |Example: .
If all eight outputs are simultaneously con-

trolled, then the following is valid:

% Current = 240 mA —> OK

> Current = 2.8 A—> not OK, as the total
current is greater than 2.4 A.

O3.A |X461.11 |03.B |X461.11 | Digital output 3% DO

Note:
The power switched via these outputs is supplied via terminals P24/M24 (X431). This must be taken into account
when dimensioning the external supply.
The digital outputs only "function” if there is an external supply (+24 V/0 V at terminals P24/M24).

1) I: Input; DO: Digital output, DI: Digital input, AO: Analog output; Al: Analog input; S: Supply

2) Can be freely parameterized. All of the digital inputs are de—bounced per software. When detecting the signal
a delay time of between 1 and 2 interpolation clock cycles (P1010) is therefore incurred.

3) 10.xis internally hard—wired to the position sensing and acts there with almost no delay.

4) Can be freely parameterized. The digital outputs are updated in the interpolation clock cycle (P1010). A hardware—
related delay time of approx. 200 ps must be added.

5) The permissible voltage range for the common mode component of the individual encoder signals (A+. A—. B+, B—, C+,
C-, D+, D—, R+, R-)is 1.5..3.5 V.
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Encoder
connection U ditioned sianal
X411/X412 nconditioned signal
Table 4-12 Encoder signal input of motor encoder X411, X412 (unconditioned signal
assignment)
Pin X411 (axis 1) Function
X412 (axis 2)
1 PENC Encoder power supply
2 MENC Encoder power supply ground
3 AP Incremental signal for track A
4 AN Inverse incremental signal for track A
5 M Inner shield ground
6 BP Incremental signal for track B
7 BN Inverse incremental signal for track B
8 M Inner shield ground
9 - Reserved, do not use
10 | ENDATCLK EnDat interface clock signal
1 | - Reserved, do not use
12 | XENDATCLK Inverse clock signal, EnDat interface
13 | THMOTP KTY 84 (+) temperature sensor
14 | PSENSE Remote sense encoder power supply (P)
15 | ENDATDAT Data signal EnDat interface
16 | MSENSE Remote sense encoder power supply (N)
17 | RP Reference mark signal/zero pulse
18 | RN Inverse reference mark signal/zero pulse
19 |CP Singleturn absolute track signal C
20 | CN Inverse singleturn absolute track signal C
21 | DP Singleturn absolute track signal D
22 | DN Inverse singleturn absolute track signal D
23 | XENDATDAT Inverse EnDat interface data signal
24 | M Inner shield ground
25 | THMOTCOM KTY 84 (-) temperature sensor
Note:
The inputs on the control must not be assigned any signals other than the intended sig-
nals. Otherwise, sporadic or permanent malfunction or damage can occur. In particular,
any existing signals of additional temperature sensors (PTCs, NTCs, etc.) for spindle
applications must NOT be applied to the unused CP, CN, DP, or DN inputs when using
induction motors!
When "Parking axis” is selected, the encoder can be removed and inserted when power
is present!
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"SIMODRIVE 611 universal HRS” control board

Resolvers

Table 4-13 Encoder signal input of motor encoder X411, X412 (resolver)

Pin X411 (axis 1) Function

X412 (axis 2)

1 - Reserved, do not use

2 M Ground

3 AP Resolver, sinusoidal

4 AN Resolver, sinusoidal, inverted

5 M Inner shield ground

6 BP Resolver, cosine

7 BN Resolver, cosines, inverted

8 M Inner shield ground

9 EXC_POS Resolver excitation (pos.)

10 |- Reserved for test purposes, do not use
11 EXC_NEG Resolver excitation (neg.)

12 | - Reserved for test purposes, do not use
13 | THMOTP KTY 84 (+) temperature sensor

14 | - Reserved, do not use

15 |- Reserved for test purposes, do not use
16 |- Reserved, do not use

17 |- Reserved, do not use

18 |- Reserved, do not use

19 |- Reserved, do not use

20 |- Reserved, do not use

21 |- Reserved, do not use

22 |- Reserved, do not use

23 |- Reserved, do not use

24 | M Inner shield ground

25 | THMOTCOM KTY 84 (-) temperature sensor

Note:

The inputs on the control must not be assigned any signals other than the intended sig-
nals. Otherwise, sporadic or permanent malfunctions can occur.
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4.4 "HLA module” control board

Description

Features

The hydraulics (HLA) module provides a means of controlling hydraulic axes
directly from the SINUMERIK 840D system via the digital drive bus.

The HLA module is a control unit belonging to the modular SIMODRIVE 611
converter system mounted in a 50 mm wide carrier module (universal empty
housing). The gating and closed—loop control electronics for operating hydraulic
drives are integrated in the HLA module.

The control unit can also be used as an ANA control unit for analog axes. This
double—axis board can be used in mixed operation (HLA/ANA).

Hydraulic drives have the same significance as electric drives also when com-
bined within an interpolating group.

Note
The HLA module is described in detail in:

References: /FBHLA/, SINUMERIK 840D SIMODRIVE 611 digital
HLA module, Description of Functions

The HLA module has the following features:
Software and data

The communications interface is compatible with SIMODRIVE 611
SRM(FD)/ARM(MSD) for supported services. Code and data structure is
analogous to SIMODRIVE 611 SRM(FD)/ARM(MSD). The hydraulics soft-
ware is stored as a separate program code in the control system.

Hardware

Integration into the SIMODRIVE 611 system is compatible with
SIMODRIVE 611 digital SRM(FD)/ARM(MSD). Essentially, this involves the
following interfaces:

— Drive bus
— Equipment bus
— Power supply concept

HLA control unit (2—axis)

— Velocity pre—control, controller

— Force control

— Voltage output for actuators

— Connection for two pressure sensors per axis
— Control of hydraulic control valves

Terminals and diagnostics

— Control of a hydraulic shut—off valve
— BERO input per axis

— Module-specific enable signal

— Test sockets (diagnostics)
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4.4.1 System overview

A complete SINUMERIK 840D with HLA module comprises of various individual
components. These are listed below.

MMC CPU

e.g. SIMATIC S7-300

oooooooooo
ooooooooo

oooooooooao
ooooooooooo

ooooo
ooooo
ooooo
ooooo
ooooo
ooooo

Full CNC keyboard

Line infeed /

Distributor box

Note:
Hydraulics shown for one axis

External 26.5 V
supply

6 616186
NC CPU Bt Cable distributor
I_I = \
Cable distributor o il
——{ [|T]Ce
s =
PCMCIA & Hydraulic drive
it |IEEl k
Equipment bus |] ‘h - j‘
NCU box—{f{+——F—— \ \
—— || | Position sensing |
— HLA module ‘
NE NCU [ HLA ‘
module ‘
—+———— 1 I Pressure sensorA|
Battery and fan
slot v }—ED Pressure sensor B‘
\
— Digital I/O ‘ ‘
(high—speed NC 1/O) ‘ ‘
- Measurement (2x . |
\ Modulating valve |
} \
\
— Handwheel i |
(2x) BERO | |
inputs

.‘? (1x of M) P \ Shut-off valve |
SITOP power Enable \ |
(external | ‘
power supply) N \ |
| \
| \

Fig. 4-8 System components

Siemens AG 2013 All Rights Reserved
4-108 SIMODRIVE 611 Configuration Manual (PJU) — 06/2013 Edition



05.01

4 Control Units

4.4

"HLA module” control board

%

| Position sensing

[

| Hydraulic drive, axis 1
L

Shut-off valve

Modulating valve |

Pressure sensorﬁ

% Pressure sensor él)

7
I I ——
| Modulatin |
g valve
: I
I
I I
| Pressure sensor A%
: Pressure sensor BC'J:I—B—:——
| Position sensing |
I
I
I
: Shut-off valve :
| Hydraulic drive, axis 2 |
L _
A Axis 2

Position measurirjg system

B

A
Pressure sensing

Modulating valve

+C D+ +C 3+ +C D+

X111 —X101

—-X121

—X102

N

+CD+ + D+ + D+ ©

o~ A

i — Pressure sensing
|

N

S )

X j:%)dulatmg valve

Position measuring system

X431 :| X432
DACs 00 Ol x35
X34
M N Electronic ground M I&H Electronic ground
EA\\//ll i} Shut-off valve, axis 1 Al E/I\\/IZZ i} Shut—off valve, axis 2
Cc1 Reserved, do not use = < Cc2 Reserved, do not use
b= Q BERO input, axis 1
Enzzﬁ i} External 26.5 V supply X 2 % Internal O V enable voltage
663 Power enable, term. 663 — B2 BERO input, axis 2
9 H Internal +24 V enable voltage 9 S+ Internal +24 V enable voltage
fh
Drive bus Drive bus/drive bus terminator
0T at the last module
Equipment bus interface (X151)
dh
@
Fig. 4-9 Connection configuration for HLA module
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4.4 "HLA module” control board

4.4.2

Line supply
connection

Measuring
systems

4-110

Wiring

The SINUMERIK 840D and the HLA module are supplied from the
SIMODRIVE line supply infeed or from the SIMODRIVE monitoring module via
the equipment bus. There must be at least one NE module in the equipment
group when an HLA module is used. No provision has been made for any other
type of voltage supply and failure to use the supply provided could damage the
unit.

Note

It is not permissible to operate an HLA module on its own with a SIMODRIVE
monitoring module!

Power is supplied to downstream electrical axes via the DC link busbars (40
mm2) of the carrier module.

One position encoder for each axis can be evaluated on the HLA module.

X101: Axis 1
X102: Axis 2
The measuring system must always be plugged into the connector of the asso-
ciated axis.
Table 4-14 Connectors X101, X102; 15—pin sub-D plug connector (two-tier)
Pin X1019) X1021) Function
1 | PENCO PENC2 Encoder power supply 5V =5%, 300 mA
2 | M M Encoder power supply ground
3 | APO AP2 Incremental signal for track A
4 | ANO AN2 Inverse incremental signal for track A
5 | ENDATDATO | ENDATDAT2 | EnDat or SSl interface data signal
6 | BPO BP2 Incremental signal for track B
7 | BNO BN2 Inverse incremental signal for track B
8 | XENDATDATO | XENDATDAT?2 | Inverse EnDat or
SSl interface data signal
9 | PSENSEO PSENSE2 Remote sense encoder power supply (P)
10 | RPO RP2 Zero pulse/reference mark signal A
11 | MSENSEO MSENSE2 Remote sense encoder power supply (M)
12 | RNO RN2 Inverse zero pulse/reference mark signal A
13 | M M Ground (for internal shields)
14 | ENDATCLKO | ENDATCLK2 | EnDat or SSl interface clock signal
15 | XBMICLKO XBMICLK2 Inverse EnDat interface clock signal
Note: The SSI encoder requires an external 24 V power supply
1) The permissible voltage range for the common mode component of the
individual encoder signals (AP. AN. BP, BP, RP, RP) is 1.5...3.5 V.
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Pressure sensor

system : :
Connection for two pressure sensors per axis

X111: Axis 1 (sensors 1A, 1B)

X112: Axis 2 (sensors 2A, 2B)

Table 4-15 Connectors X111, X112; each 15—pin sub-D socket connector

Pin X111 X112 Type Function
1
1 | P24DS P24DS (0] External +24 V supply for the
pressure sensor
2 | P24DS P24DS (0] External +24 V supply for the

pressure sensor

- - - Not assigned

4 - - - Not assigned

al

M24EXT | M24EXT | O External 0 V supply for the
pressure sensor

6 - - - Not assigned
7 - - - Not assigned
8 - - - Not assigned
9 | M24EXT | M24EXT | O External 0 V supply for the
pressure sensor
10 | M24EXT | M24EXT | O Extra pin for jumper between pins 10-11 with
3—-wire connection
11 | PIST1BN | PIST2BN | I Analog actual value signal, reference ground
12 | PIST1BP | PIST2BP || Analog actual value signal, max. range 0...10 V
13 | M24EXT | M24EXT | O Extra pin for jumper between pins 13-14 with
3—-wire connection
14 | PIST1AN | PIST2AN || Analog actual value signal, reference ground
15 | PIST1AP | PIST2AP || Analog actual value signal, max. range 0...10 V
1) | = Input, O = Output

The inputs are differential with 40 kQ input resistance.

The input voltage range is 0...+10 V.

The supply output has an electronic short—circuit protection function.

The supply output is dimensioned for a total current (4 sensors) of 200 mA.

Supply for pressure sensors with 26.5 V + 2% according to the external infeed
at X431.

Notice

The external 26.5 V supply voltage cannot be replaced by a 24 V supply
voltage.
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Modulating valve
X121: Axis 1

X122: AXis 2

Table 4-16 Connectors X121, X122; both are 15pin sub—D socket connectors

Pin X121 X122 Tylg)e Function
1 | P24RV1 P24RV2 (0] +24 V switched
2 | P24RV1 P24RV2 (0] +24 V switched
3 | P24RV1 P24RV2 (0] +24 V switched
4 | P24RV1 P24RV2 (0] +24 V switched
5| M M Electronic ground
6 | USOLLIN | USOLL2N | O Analog setpoint output, reference ground
7 | USOLL1P | USOLL2P | O Analog setpoint output +/-10 V
8 | M M Electronic ground
9 | M24EXT M24EXT | O 24 V external ground
10 | M24EXT M24EXT | O 24 V external ground
11 | M24EXT M24EXT | O 24 V external ground
12 |- - Not assigned
13 | M M Electronic ground
14 | UIST1IN UIST2N | Analog valve actual-value input, reference
ground
15 | UIST1P UIST2P | Analog valve actual-value input, +/-10 V
1) | = Input, O = Output

The analog valve actual value inputs are differential with 100 kQ input resistance.

The current ratings of the 24 V outputs of the control valves are
for an ambient temperature of 40 °C 20A

for an ambient temperature of 55 °C 15A
for the mean current value with a load cycle of 10 s duration.
The temperature corner points may be interpolated linearly.
The short—term current rating of the control valve outputs is 3.0 A (200 ms).

In the event of an overload, the F1900 or F1901 fuse on the HLA control unit
blow.

Fuse The switched 24 V outputs for axes 1 and 2 are protected by F1900 (axis 1) or
F1901 (axis 2) miniature fuses.

Value: 2.5 AF/250 V; 5x20 mm UL

From: ekontor GmbH
UhdestralRe 31-33
D-74081 Heilbronn
or
Postfach 1661
D-74006 Heilbronn

Order No.: Littlefuse 021602.5TXP
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Terminals
Shut—off valves (axis—specific), external 26.5 V supply, enable contact, BERO
inputs
X431: Axis 1
X432: Axis 2
Table 4-17 Connector X431; 8—pin Phoenix Combicon connector
Pin X431 Type Function Typ. voltage/
) limit values
1 M | Electronic ground
2 PV1 O +24 V shut—off valve axis 1 Max. 2.0 A
3 MV1 O Ground for shut—off valve for axis 1
4 C1 - Reserved, do not use
5 P24 | Input for external +26.5 V 265V £2%
6 M24 | Input for external 0 V
7 663 | Module-specific enable signal 21V..30V
8 9 (0] Internal +24 V enable voltage, term. 9
1) I = Input, O = Output
Table 4-18 Connector X432; 8—pin Phoenix Combicon connector
Pin X432 Type Function Typ. voltage/
) limit values
1 M | Electronic ground
2 PVv2 O +24 V shut—off valve axis 2 Max. 2.0 A
3 MV2 O Ground for shut—off valve for axis 2
4 c2 - Reserved, do not use
5 Bl | BERO input, axis 1 15Vv..30V
6 19 (0] Internal enable voltage, ground, term.19
7 B2 | BERO input, axis 2 15V .30V
8 9 (0] Internal +24 V enable voltage, term. 9
1) | = Input, O = Output
Max. terminal cross—section 2.5 mm?2.
i t Caution
The +24 V outputs for shut—off valves for axes 1 and 2 are short—circuit proof.
The energy absorbed when inductive loads are disconnected must be limited to
1.7 J by the user. When the supply polarity is reversed, the outputs are not
protected against overload.
i t Warning
If the polarity of the 26.5 V supply is reversed, then the shut—off valves will

open immediately, even if the NC or closed—loop control is not in operation!
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Notice

Each of the shut—off valves must be connected directly using two conductors
connected to pins 2/3 of X431 or X432!

A current—-compensated interference suppression coil is inserted at the input for
the external incoming supply terminal P24, terminal M24 (pins 5 and 6 of
X431).

Terminal M24 and terminal MV1/MV2 may therefore not be reversed or
short—circuited.

The internal enable voltage (FRP/9) is provided in order to supply the BEROSs,
and terminals 663 may not be used to supply the hydraulics components. The
hydraulic components must be supplied via incoming supply P24. The voltages
may not be connected in parallel.

Input enable Module—specific enabling commands are issued by terminal 663. As no power
section is installed, no relay is available. The input is therefore evaluated via
optocouplers in the HLA module and also acts on the shut—off valves.

The enable voltage can be taken from terminal 9.

Terminal 663 is referenced to the internal enable voltage (ground, terminal 19).

4.4.3 Test sockets (diagnostics)

Measuring sockets The start—up tool or an MMC102/103 can be used to assign internal signals to
the test sockets on the 611D drive (in conjunction with SINUMERIK 840D),
where the signals are then available as analog values.

DAC1 DAC2
DAC3 Ground
Functionality Three 8-bit digital/analog converter (DAC) channels are available on the 611D

hydraulics module. An analog image of various drive signals can be connected
through to a test socket via these converters.

Only a window of the 24—bit wide drive signals can be displayed with the 8 bits
(=1 byte) of the DAC. For this reason, the shift factor must be set to determine
how fine the quantization of the selected signal must be. The normalization fac-
tor is determined when parameterizing and displayed to the user.
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4.5 " ANA module” control board

Description

Features

Up to two analog axes can be controlled by using the ANA control unit. The
ANA module results when the ANA control unit is inserted in the 50 mm wide
universal empty housing.

The control unit can also be used as an HLA control unit for hydraulic axes. This
double—axis board can be used in mixed operation (HLA/ANA).

An analog axis can be used very much like a digital axis. It can be programmed
like a digital interpolating path axis or spindle. Pure functions of the SIMODRIVE
611 drive control system are, of course, not possible for external drive units
linked via an analog speed setpoint interface. (These are functions which are
dependent on feedback within the axis and communication by means of the
drive bus, e.g. SINUMERIK Safety Integrated.) If necessary, separate EMC
measures must be taken for external drive units.

Note
The ANA module is described in detail in:

References: /FBANA/, SINUMERIK 840D SIMODRIVE 611 digital
ANA module, Description of Functions

The ANA module has the following features:
Software and data

The communications interface is compatible with SIMODRIVE 611
SRM(FD)/ARM(MSD) for supported services. Code and data structure is
analogous to SIMODRIVE 611 SRM(FD)/ARM(MSD).

Hardware

Integration into the SIMODRIVE 611 system is compatible with
SIMODRIVE 611 digital SRM(FD)/ARM(MSD). Essentially, this involves the
following interfaces:

— Drive bus
— Equipment bus

— Power supply concept

ANA control unit (2—axis)
— Nget OUtpUt =10V
— Connection for 2 sensors per axis

— Control of an analog drive amplifier

Terminals and diagnostics

— BERO input per axis

— Module-specific enable signal
— Test sockets (diagnostics)
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45.1 System overview

A complete 840D control with ANA module comprises various individual compo-
nents. These are listed below.

MMC CPU

e.g. SIMATIC S7-300

oooooooooo
ooooooooo

oooooooooao
ooooooooooo

ooooo
ooooo
ooooo
ooooo
ooooo
ooooo

Full CNC keyboard

Line infeed /

Distributor box

External 26.5 V supply (this is only
required when using terminals
PV1/MV1 or PV2/MV2)

Note:
Shown for one analog axis

6 616186
NC CPU Bt Cable distributo
I_I = \
Cable distributor o il
aL] ==
PCMCIA & Analog axis
I | |
—1 1=
Equipment bus |] r— 1
\ |
NCU box—f—1— | ‘ |
—+— I Position sensing ‘
[~ ANA module |
NE NCU | ANA
modyle ‘
| \
e | Analog sensors
Battery and fan | ‘
Slot ——1 0..10V \
— Digital /0 \ \
(high—speed NC 1/0) | Analog |
i drive amplifier |
- Measurement (2x ‘ |
\ |
\ |
— Handwheel | ‘
(2x) BERO inputs | A= ‘
<~ (1x of M) | |
BS
SITOP power Enable ‘ , |
(external | Analog axis |
power supply) —U] | ‘
\ |
\ |

Fig. 4-10  System components
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Axis 1 Axis 2
S
Measuring system (encoder connection) Measuring system (encoder connection)
X101 g g X102
> >
© ©
© @
Sensor detection (0°) () Sensor detection
X111 _ ~ X112
b3 %
o)) |\%9)
External drive amplifier External drive amplifier
X121 @ @ X122
) (o) 9
Neet, =10V 96— ngep, =10V
— o o9
Nset, reference ground g £ o8 Nget, reference ground
Lol 7 o)) 8¢
i == X432
M I&H Electronic ground m :% M &H Electronic ground
E/I\\/lll *} 24V switched, axis 1 o o2 E/I\\/IZZ +} 24V switched, axis 2
c1 Reserved, do not use P24 Bl Cc2 Sggeorv_ed, (tjo not Ese
M2 i} Input, axis
542231 j’ External 26.5 V supply 663 B %& Internal (PV enable voltage
663 Power enable, term. 663 9 <Hle B2 BERO input, axis 2
9 IS+ Internal +24 V enable voltage 9 IS+ Internal +24 V enable voltage
1000 58
<
DACs E
Drive bus _ Drive bus
X141 £ & X341
S >3
1= g
Equipment bus [
X151
2
o g —
jiLL Saftware
Fig. 4-11  ANA control unit (2—axis)
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45.2 Wiring

Line supply SINUMERIK 840D and the ANA module are supplied from the SIMODRIVE line

connection supply voltage or from the SIMODRIVE monitoring module via the equipment
bus. There must be at least one NE module in the equipment group when an
ANA module is used. No provision has been made for any other type of voltage
supply and failure to use the supply provided could damage the unit.

Notice

It is not permissible to operate an ANA module on its own with a SIMODRIVE
monitoring module!

Power is supplied to downstream electrical axes via the DC link busbars (40
mma2) of the carrier module.

Measuring One position encoder for each axis can be evaluated on the ANA module.
systems )
X101: Axis 1

X102: AXis 2

The measuring system must always be plugged into the connector of the asso-
ciated axis.

Table 4-19 Connectors X101, X102; 15—pin sub-D plug connector (two-tier)

Pin | X101V X1021) Function
1 | PENCO PENC2 Encoder power supply
2 | M M Encoder power supply ground
3 | APO AP2 Incremental signal A
4 | ANO AN2 Inverse incremental signal A
5 | BMIDATO BMIDAT2 Data signal EnDat interface
6 | BPO BP2 Incremental signal B
7 | BNO BN2 Inverse incremental signal B
8 | XBMIDATO | XBMIDAT2 | Inverse EnDat interface data signal
9 | PSENSEO | PSENSE2 | Remote sense encoder power supply (P)
10 | RPO RP2 Incremental signal R
11 | MSENSEO | MSENSE2 | Remote sense encoder power supply (M)
12 | RNO RN2 Inverse incremental signal R
13 | M M Ground (for internal shields)
14 | BMICLKO BMICLK2 EnDat interface clock signal
15 | XBMICLKO | XBMICLK2 | Inverse EnDat interface clock signal
1) The permissible voltage range for the common mode component of the
individual encoder signals (AP. AN. BP, BP, RP, RP) is 1.5...3.5 V.
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Connection for two sensors per axis

4.5 "ANA module” control board

X111: Axis 1 (sensors 1A, 1B)
X112: Axis 2 (sensors 2A, 2B)
Table 4-20 Connectors X111, X112; each 15—pin sub-D socket connector
Pin X111 X112 Type Function
1)

1 | P24DS P24DS (0] External +24 V supply for the sensor

2 | P24DS P24DS (0] External +24 V supply for the sensor

3 - - Not assigned

4 - - Not assigned

5 | M24EXT M24EXT | O External O V supply for the sensor

6 - - Not assigned

7 - - Not assigned

8 - - Not assigned

9 | M24EXT M24EXT | O External O V supply for the sensor
10 | M24EXT M24EXT | O Extra pin for jumper between pins 10-11 with

3—wire connection
11 | PIST1IBN | PIST2BN |1 Analog actual value signal, reference ground
12 | PIST1BP |PIST2BP || Analog actual value signal, max. range 0...10 V
13 | M24EXT M24EXT | O Extra pin for jumper between pins 13-14 with
3—wire connection

14 | PIST1IAN | PIST2AN |1 Analog actual value signal, reference ground
15 | PIST1AP | PIST2AP |1 Analog actual value signal, max. range 0...10 V
1) | = Input, O = Output

The inputs are differential inputs with an input resistance of 40 kQ each.
The input voltage range of the actual value inputs is 0...+10 V.

The supply output has an electronic short—circuit protection function.
The supply output is dimensioned for a total current (4 sensors) of 200 mA.

Siemens AG 2013 All Rights Reserved
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4 Control Units 06.13
4.5 "ANA module” control board

Analog setpoints
and actual values X121: Axis 1

X122: AXis 2

Table 4-21 Connectors X121, X122; both are 15pin sub—D socket connectors

Pin X121 X122 Tylg)e Function
1 | P24RV1 P24RV2 (0] P24EXT switched, from X431.5
2 | P24RV1 P24RV2 (0] P24EXT switched, from X431.5
3 | P24RV1 P24RV2 (0] P24EXT switched, from X431.5
4 | P24RV1 P24RV2 (0] P24EXT switched, from X431.5
5| M M Electronic ground
6 | USOLLIN |USOLL2N (0] Analog setpoint output, reference ground
7 | USOLL1P |USOLL2P (0] Analog setpoint output +/-10 V
8 | M M Electronic ground
9 | M24EXT M24EXT (0] M24EXT, from X431.6

10 | M24EXT M24EXT (0] M24EXT, from X431.6

11 | M24EXT M24EXT (0] M24EXT, from X431.6

12 |- - Not assigned

13 | M M Electronic ground

14 | UIST1IN UIST2N | Analog actual value input, reference ground

15 | UIST1P UIST2P | Analog valve actual—-value input, +/-10 V

1) | = Input, O = Output

The analog actual value inputs are differential inputs with an input resistance of
100 kQ each.

The load capability of the 24 V outputs (P24RV1/2) is
for an ambient temperature of 40 °C 20A

for an ambient temperature of 55 °C 15A
for the mean current value with a load cycle of 10 s duration.
The temperature corner points may be interpolated linearly.
The short—term current rating of the 24 V outputs is 3.0 A (200 ms).

In the event of an overload, the F1900 or F1901 fuse on the ANA control unit
will blow.

Fuse The switched 24 V outputs for axes 1 and 2 are protected by F1900 (axis 1) or
F1901 (axis 2) miniature fuses.

Value: 2.5 AF/250 V; 5x20 mm UL

From: ekontor GmbH
UhdestralRe 31-33
D-74006 Heilbronn
or
Postfach 1661
D-74006 Heilbronn

Order No.: Littlefuse 021602.5TXP
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02.12 4 Control Units
4.5 "ANA module” control board

Terminals External 26.5 V infeed, enable, BERO inputs
X431: Axis 1
X432: AXis 2

Table 4-22 Connector X431; 8—pin Phoenix Combicon connector
Pin X431 Type Function Typ. voltage/
) limit values
1 M | Electronic ground
2 PV1 O P24EXT switched, axis 1 Max. 2.0 A
3 MV1 O M24EXT switched, axis 1
4 C1 - Reserved, do not use
5 P24 | Input for external +24 V 265V £2%
6 M24 | Input for external 0 V
7 663 | Module-specific enable signal 21V..30V
8 9 (0] Enable voltage, internal, +24 V
1) | = Input, O = Output
Table 4-23 Connector X432; 8—pin Phoenix Combicon connector
Pin X432 Type Function Typ. voltage/
) limit values
1 M | Electronic ground
2 PVv2 O P24EXT switched, axis 2 Max. 2.0 A
3 MV2 O M24EXT switched, axis 2
4 c2 - Reserved, do not use
5 Bl | BERO input, axis 1 15V..30V
6 19 (0] Internal enable voltage, ground, term.19
7 B2 | BERO input, axis 2 15V..30V
8 9 (0] Enable voltage, internal, +24 V
1) | = Input, O = Output
Notice

A connection (jumper) between X431.6 and X432.3 is not permissible!

Max. terminal cross—section 2.5 mm2.

It is only necessary to supply terminals X431 pins 5 and 6 with 24 V if the 24 V
outputs of connectors X111/112, X121/122 or X431/432 are to be used.
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4 Control Units 05.01
4.5 "ANA module” control board

i t Caution
The +24 V outputs for shut—off valves for axes 1 and 2 are short—circuit proof.
The energy absorbed when inductive loads are disconnected must be limited to
1.7 J by the user. When the supply polarity is reversed, the outputs are not
protected against overload.

Input enable The module-specific enable is realized using terminal 663. The input is evalu-
ated via the optocoupler in the ANA module. The enable voltage can be taken
from terminal 9.

Terminal 663 is referenced to the internal enable voltage (ground, terminal 19).

453 Bus interfaces

Drive bus (refer to SIMODRIVE 611 digital)
X141: Input

X341: Output
A bus terminator must be plugged into the last module.

Equipment bus (refer to SIMODRIVE 611 digital)
X151: Equipment bus

Siemens AG 2013 All Rights Reserved
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