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10.2004 Guidelines for Start-Up

For START-UP of the unit, please refer to Section "First Start up” in the operating
instructions supplied with the inverters/converters.

In the following, we would like to give you some tips on how to proceed further and how to use
the COMPENDIUM for detailed PARAMETERIZATION of the units.

Preparatory measures for detailed parameterization

Make yourself familiar with the connection diagrams of the power and control terminals:
You can find these in the operating instructions for the units and options in the section
"Connecting-up" and in Section of this Compendium, "Configuration and Connection
Examples"

(in the case of optional boards, consult the "Description" section as well).
The operating instructions are supplied with the units.

Make yourself familiar with the basic functions of the units (brief introduction):
see the following sections in this Compendium:

¢ Section 4: "Function Blocks and Parameters"
(blocks, connectors, binectors, parameters, data sets, BICO system)

¢ Sections 5.1 to 5.3: "Parameterization”
(parameter menus, operator control and displays on the PMU (operator control panel))
(Section 5.4 "Parameter input via the OP1S" and section 5.5 "Drive Monitor" only if
necessary)

DETAILED PARAMETERIZATION (COMPENDIUM):

GENERAL TIPS

¢ The units can be parameterized with the PMU / OP1S (operator control panels) or with a
PC and the DriveMonitor software package.

+ If you need more detailed information about specific parameters, connectors or binectors,
you can find a "parameter list", with a connector and binector list added onto the end,
plus an overview of the data-set parameters (assignment of the indices) in the appendix of
the Compendium.

(Please note the "Explanations" at the beginning of the parameter list!)
These lists can be used as a reference whenever necessary.

¢ If faults or alarms occur during start-up (Fxxx , Axxx), you can find detailed descriptions of
them in the appendix under "Faults and Alarms".

¢ The units are delivered with their factory setting.

If you want to restore the factory setting in the case of a repeat start-up, incorrect inputs or
a change between the type of start-up indicated below (Sections 1.), 2.) and 3.)), this can
be done at any time with the function described in Section 6.1, "Parameter reset to factory
setting".

(Abbreviated instructions: P053 = 6 > P060 = 2 > P970 = 0)

The following are the different types of start-up. In the annex, there are some tips on
information to be found in the internet.

1.) Parameterization of the basic unit during initial start-up
2.) Parameterization of the unit by means of downloading if data backup is provided
¢ Annex (tips on information in the internet)
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1.) Parameterization of the basic unit during initial start-up
Choose the method of start-up you require:
1.1) Initial start-up:
a.) Quick parameterization
(QUICK standard start-up in order to quickly "turn" the motor for the first time, for

example, and to test its basic functioning)
* See Section 6.2.1.

b.) "Menu-guided start-up" with PC / DriveMonitor
(QUICK standard start-up in order to quickly "turn" the motor for the first time, for
example, and to test its basic functioning)
* See DriveMonitor (menu: " Parameters" > submenu: "Menu-guided start-up")

c.) Detailed parameterization
* See Section 6.3 and 6.4
* After completing parameterization in accordance with Section 6.3, you can
immediately operate the drive for test purposes:
(precondition: P366 = 0 (STANDARD)):
e P555.1=5:
The ON switch of the PMU can be used to switch the drive ON and OFF
(coast to stop without electrical braking torque).
* P462.1 = 10 sec; P464.1 = 10 sec; the raise/lower key of the PMU can
therefore be used to adjust the setpoint
(ramp-up/ramp-down times = 10 sec). In operation, the PMU indicates the
actual frequency in Hz.

For further parameterization, see the following "Notes on how to proceed further".

Notes on how to proceed further

You should always refer to the function diagrams first (graphic illustration of functions)
before carrying out further parameterization (process data (control values, setpoints and
actual values), functions etc.) or diagnosis.

They can be found in the appendix of the Compendium.

The function diagrams are subdivided into those for basic functions, free function blocks and
supplementary boards (EBx, SCBXx).

Use the list of contents (at the beginning of the function diagrams) to look for functions.
First read the following pages:
¢ Basic functions:

"General": Pages [10], [12], [14], [15], [20], [30]
"Diagnostics":  Pages [510], [515]
"Functions": Pages [540]

+ Free function blocks (if used):
"Sampling times, sampling sequence": Page [702]
(see also Section 7.1: "Functions / Basic functions")
An overview of the setpoint channel, closed-loop and open-loop control modes and also
of the general display variables is given by diagrams r0 to r5 and a0 in section 6.2.1
"Parameterizing with parameter modules" (quick parameterization).
Reference is given there to the relevant page number of the associated function diagram.
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¢ Control word commands and status word messages:
In addition to the function diagrams (pages [180], [190], [200], [210]), you can find
detailed descriptions of the individual commands /messages in Section 9, "Control Word
and Status Word".

¢ Interfaces (USS, PROFIBUS, SIMOLINK, CAN):

In addition to the function diagrams, you can find detailed descriptions of the interface
functions in Section 8, "Communication".

2.) Parameterization of the unit by means of downloading if data backup is provided:

The parameter settings to be entered for your application are available, stored in the OP1S
or as a DriveMonitor file.

3.1) Start-up if data protection provided:
a.) Parameter set stored in the OP1S:

Download by means of OP1S

e See Sections 6.2.3 and 5.4

b.) Parameter set available as a DriveMonitor file:
Download by means of DriveMonitor
* See Section 5.5.5.1 or on-line help of DriveMonitor

¢ ANNEX (tips on information in the internet):
Information and software in the INTERNET relating to SIMOVERT MASTERDRIVES:

¢ Inthe INTERNET, you can find the following: software releases (DOWNLOAD of current
firmware for the units), additions and alterations to the manuals / Compendium,
frequently asked questions, service contact points, a HOTLINE and so on.

Siemens AG  6SE7087-6QX60 (Version AG)
SIMOVERT MASTERDRIVES  Compendium Vector Control 3



11.2000 Definitions and Warnings

Definitions and Warnings

Qualified personnel For the purpose of this documentation and the product warning labels,
a "Qualified person" is someone who is familiar with the installation,
mounting, start-up, operation and maintenance of the product. He or
she must have the following qualifications:

¢ Trained or authorized to energize, de-energize, ground and tag
circuits and equipment in accordance with established safety
procedures.

¢ Trained or authorized in the proper care and use of protective
equipment in accordance with established safety procedures.

¢ Trained in rendering first aid.

DANGER indicates an imminently hazardous situation which, if not avoided, will
result in death, serious injury and considerable damage to property.

WARNING indicates a potentially hazardous situation which, if not avoided, could
result in death, serious injury and considerable damage to property.

CAUTION used with the safety alert symbol indicates a potentially hazardous
situation which, if not avoided, may result in minor or moderate injury.

CAUTION used without safety alert symbol indicates a potentially hazardous
situation which, if not avoided, may result in property damage.

NOTICE NOTICE used without the safety alert symbol indicates a potential
situation which, if not avoided, may result in an undesireable result or
state.

NOTE For the purpose of this documentation, "Note" indicates important

information about the product or about the respective part of the
documentation which is essential to highlight.
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WARNING Hazardous voltages are present in this electrical equipment during
operation.

Non-observance of the warnings can thus result in severe personal
injury or property damage.
Only qualified personnel should work on or around the equipment

This personnel must be thoroughly familiar with all warning and
maintenance procedures contained in this documentation.

The successful and safe operation of this equipment is dependent on
correct transport, proper storage and installation as well as careful
operation and maintenance.

NOTE This documentation does not purport to cover all details on all types of
the product, nor to provide for every possible contingency to be met in
connection with installation, operation or maintenance.

Should further information be desired or should particular problems
arise which are not covered sufficiently for the purchaser's purposes,
the matter should be referred to the local SIEMENS sales office.

The contents of this documentation shall not become part of or modify
any prior or existing agreement, commitment or relationship. The sales
contract contains the entire obligation of SIEMENS AG. The warranty
contained in the contract between the parties is the sole warranty of
SIEMENS AG. Any statements contained herein do not create new
warranties or modify the existing warranty.
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10.2001 System Description

1 System Description

1.1 Overview

The SIMOVERT MASTERDRIVES MC (Motion Control) belongs to the
SIMOVERT MASTERDRIVES product group. This product group
represents an overall modular, fully digital component system for
solving all drive tasks posed by three-phase drive engineering. The
availability of a high number of components and the provision of various
control functionalities enable it to be adapted to the most diversified
applications.

Control functionality The control functionality is determined by the software stored in the
inverter and converter modules. The following different control versions
are provided within the SIMOVERT MASTERDRIVES product group:

+ Vector control (VC)
Vector control with encoder for applications requiring a high degree
of torque precision and dynamic response,
Vector control without encoder for simple applications
(e.g. pumps, fans), and u/f control

¢ Motion control (MC)
Vector control for servo applications, optionally with higher-level
technology functions

Components The SIMOVERT MASTERDRIVES product group comprises the
following components:

+ Converters

Inverters

Rectifier units

Rectifier/regenerative feedback units (RE, AFE)

Active front end (AFE) incoming units

Braking units and braking resistors

DC link bus for cabinet units

Interference suppression filter

Line commutating reactor

Line filters

Fuses

Output filters (dv/dt and sine filter)

Technology modules

Optional boards:

e Sensor boards (SBx) for speed and position sensing
e Communication boards (CBx) for field bus interfacing

e SIMOLINK (SLx) for fast transmission of setpoints and actual
values

+ Accessories

® & & 6 6 O O 6 O O o o o
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1.2

System description

The Vector Control functionality is matched to the drive system
requirements. The vector current control enables fast current injection
into the motor windings in conjunction with short sampling times. The
related highly dynamic build-up of the torque provides a good basis for
higher-level closed-loop control circuits.

It is possible to choose between current control types and U/f controls.
The control type U/f control can be used to operate both synchronous
and asynchronous motors. The current control types are available both
without and with various different encoder types for speed acquisition
for asynchronous motors.

As a special application, externally excited synchronous machines can
be operated in control type speed control with encoders (current control
type).

The Vector Control functionality is available both in converter and
inverter modules which are designed for a line voltage range of

380V -15% 10480V + 10 %.

All units are provided with a comprehensive basic functionality which
can be expanded, if required, by extensive technology and
communication functions by the use of software and hardware options.
This enables the units to be adapted to the most diversified conditions
of service. All closed-loop control functions are implemented with freely
assignable function blocks which can be combined as desired. This
enables the software to be flexibly adapted to various applications.

Menu structures stored in the unit software simplify start-up and
visualization of the drives in conjunction with various operator control
panels. PC-assisted tools enable effective parameter setting and data
security.

1-2
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Performance The units with Vector Control functionality have the following
features performance features:

Available as a converter and as an inverter module
Output range from 0.55 kW to 2300 kW

Various configurations possible for multi-axis drives
Integrated DC link bus module and fusing
Integrated function "Safe STOP" (unit-specific)

Control functions:

U/f characteristic curve

U/f characteristic curve for textile applications
Speed control with encoder

Torque control with encoder

Encoderless speed control

Integrated USS interface for the configuration of simple bus systems

Interfacing of various field buses:
e PROFIBUS
e CAN bus

Drive networking with up to 200 nodes via SIMOLINK

Integrated technology functions for positioning, synchronism and
cam disk

*® & & & o o

¢ Start-up and diagnostics functions
¢ Comprehensive converter functions:
e Restart on the fly
¢ Kinetic back-up
e Automatic restart
¢ Flexible yielding
e DC braking
Menu prompting
¢ Graded operator control and visualization by means of an integrated

simple standard operator control panel, a user-friendly operator
control panel or via PC

Uniform PC-capable programming software (DriveMonitor)

¢ In accordance with the currently applicable European standards, CE
designation

¢ UL/CSA approval

1.3 Construction sizes

The power components (converter, inverter, rectifier unit and
regenerative feedback unit) used for the vector control functionality are
available in two types of construction. With reference to the
converter/inverter, control versions are available which are assigned to
the following output ranges:

¢ Compact 2.2 kW to 37 kW
¢ Chassis 45 kW to 2300 kW
¢ Compact PLUS type 0.55 kW to 18.5 kW

Siemens AG  6SE7087-6QX60 (Version AG)
SIMOVERT MASTERDRIVES  Compendium Vector Control 1-3
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14 Communication

A differentiated communication concept makes it possible to use the
correct communication medium depending on the requirements. The
following communication interfaces are available:

¢ Integrated serial interface(s) with USS protocol for parameter
setting, operator control and visualization of the units with OP1S or
PC

+ Optional boards for various field bus interfaces (e.g. Profibus DP) for
integration in the automation

¢ Optional board for interfacing SIMOLINK for fast data exchange
between technologically linked drives or peer-to-peer for transfer of
technological digital setpoint and actual values between the drives.

SIMATIC S7

oo

Operator control and
visualization

Profibus DP o] (o] [Fowene| [Foewewsh| [ mweve) [reeeeren] [ eweney

10000C 10000C od I:-::-::-:I 10101000 :-::-::-::-:I

4

2

=

USS bus 0
Fig. 1-1 Communication
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Configuration and Connection Examples

DANGER

21
2.1.1

2.1.2

CAUTION

Configuration and Connection
Examples

The device must be disconnected from its voltage supplies (24 V DC
electronics supply and DC link / mains voltage) before the control and
encoder leads are connected or disconnected!

Compact PLUS type units
Single-axis drive

The single-axis drive (see Fig. 2-1) is used if only single-drive tasks
need to be accomplished or if power equalization through several axes
is either undesired or not possible.

For this purpose, a converter is used that is directly connected to the 3-
phase supply via an external main contactor, a line filter and a line
reactor as necessary. Any regenerative energy is stored in the
capacitor module or reduced in the braking resistor.

Multi-axis drive up to 3 axes

In the case of multi-axis drives (see Fig. 2-2) a converter (AC-AC) can
be combined with inverters (DC-AC). The converter rectifies the line
voltage and supplies the inverters with direct voltage via the DC link
bus module. The power supply integrated in the converter further
provides the 24 V supply voltage for the electronics of a maximum of 2
inverters.

If more than 2 inverters are connected, the 24 V supply for the
electronics must be provided by an external power supply.

The total rated output currents of the inverters supplied by a converter
must not exceed the rated output current of the feeding converter (in
the case of 6SE7021-0EP60 only half the rated output current).

The regenerative energy generated in one axis can either be used up
by the other motors, stored in the capacitor module or reduced in the
braking resistor.

Siemens AG

6SE7087-6QX60 (Version AG)

SIMOVERT MASTERDRIVES Compendium Vector Control 2-1
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21.3 Multi-axis drive

In the case of multi-axis drives (see Fig. 2-3) with more than 3 axes,
several inverters are connected to the line voltage via a common
rectifier unit.

An external power supply is required for the 24 V supply voltage for the
inverter electronics.

The regenerative energy originating in one axis can be used by the
other motors, stored in the capacitor module or dissipated in the
braking resistor.

6SE7087-6QX60 (Version AG) Siemens AG
2-2 Compendium Vector Control ~ SIMOVERT MASTERDRIVES
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21.4 Configuration and connection examples (Compact PLUS)

NOTE

1) Line contactor
Q1

2) Line fuses

3) Line
commutating
reactor

4) 24V power
supply

5) ON/OFF

6) OFF switch

The following explanations refer to the numbered gray triangles in Figs.
2-1 to 2-3. These figures are just examples of possible configurations of
drives. The necessary individual components have to be clarified
according to the specific task.

The information and notes required for dimensioning the individual
components and the respective order numbers can be found in the
Catalog.

All the equipment is connected to the line via the line contactor, which
is used to separate it from the line if required or in the event of a fault.
The size of the line contactor depends on the power rating of the
connected converter or inverter.

If the line contactor is controlled from the converter, the main contactor
checkback time P600 should be set to at least 120 ms.

According to their response characteristic and to suit the requirements,
the line fuses protect the connected cables and also the input rectifier
of the unit.

The line commutating reactor limits current spikes, reduces harmonics
and is necessary for keeping system perturbations to within the limits
laid down by VDE 0160.

The external 24 V supply is used to maintain the communication and
diagnostics of the connected-up units even with powered-down line
voltage.

The following criteria apply regarding dimensioning:

¢ A current of 1 A must be provided for the rectifier unit, and a current
of 2 A for each inverter connected.

¢ When the 24 V supply is powered up, an increased inrush current
will be generated that has to be mastered by the power supply.

+ No controlled power supply unit has to be used; the voltage must be
between 20 V and 30 V.

In the case of a single drive and a multi-axis drive without a rectifier
unit, a switch is used to energize or de-energize the line contactor.
When they are switched off, the drives are not brought to a controlled
standstill, but are braked only by the load.

In the case of a multi-axis drive with a rectifier unit, a pushbutton is
used to energize the line contactor. The line contactor is kept energized
by means of a lock-type contact connected to the fault signaling relay of
the rectifier unit, as long as no fault is detected at the rectifier unit.

Operating the OFF switch causes the line contactor to open
immediately.

The drives are not brought to a controlled standstill, but are braked only
by the load.

2-6
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7) Fault signaling
relay

8) Internal USS bus

9) X101

10) X320 interface of
the rectifier unit

11) X103 serial
interface

12) Precharging the
capacitor
module

13) Output contactor

14) Line filter

15) Motor supply
line

16) Safe STOP
(Option)

17) Auxiliary
contactor

18) Pulse generator

If a fault occurs in the rectifier unit, a fault message is output via the
connecting contacts of the signaling relay.

When the 24 V supply is connected, the relay closes as long as no fault
is present.

In the event of a fault, the lock of the line contactor is opened, the
contactor drops out and the drives coast down.

The USS bus is used for the internal communication of the units and
only has to be connected if it is required.

The digital inputs and outputs and the analog input and output have to
be assigned according to the requirements of the drives.

CAUTION: Terminal X101.1 may not be connected with the
external 24V supply.

The X320 interface of the rectifier unit serves only for permanently
connecting the user-friendly OP1S operator control panel and for
connection to the on-line inverters.

Please refer to the relevant operating instructions for the applicable
measures and notes for correct operation.

The serial interface is used to connect the user-friendly OP1S operator
control panel or a PC. It can be operated either according to the RS232
or the RS485 protocol.

Please refer to the relevant operating instructions for the applicable
measures and notes for correct operation.

When a capacitor module is used, the terminals for precharging the
capacitors must be connected.

The use of an output contactor is purposeful if a motor needs to be
electrically isolated from the converter/inverter with the DC link
charged.

Use of a line filter is necessary if the radio interference voltages
generated by the converters or rectifier units need to be reduced.

The Siemens cables described in the catalog should be used for
connecting the converter and the motor to each other.

The "Safe Stop" option enables the power supply for the transmission
of pulses into the power section to be interrupted by a safety relay. This
ensures that the unit will not generate a rotating field in the connected
motor.

The auxiliary contactor is used to interrupt the self-holding condition of
the main contactor in the event of a fault signal. It must be used if the
control voltage for line contactor Q1 is 230 V AC.

The auxiliary contactor is not required if a line contactor with a control
voltage of 24 V DC is used.

Used to acquire the motor speed and allows speed-controlled operation
with the highest degree of dynamic response and precision.

Siemens AG  6SE7087-6QX60 (Version AG)
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Braking resistor

Encoder cable

The brake choppers are already included in the Compact PLUS rectifier
units and converters. Only a suitable external braking resistor has to be
connected up, if required.

See also Chapter 11.7.

You will find preassembled encoder cables in Catalog DA65.10,
chapter 3. Please note that different encoder cables are required for
encoders and multiturn encoders. If the wrong encoder cable is used
for one or the other, fault FO51 (during operation) or alarm A018 or
A019 is generated.

DANGER The encoder cable must only be connected and plugged in when the
converter is disconnected from the supply (24 V and DC link). Damage
to the encoder could result if this advice is not heeded.

6SE7087-6QX60 (Version AG) Siemens AG
2-8 Compendium Vector Control ~ SIMOVERT MASTERDRIVES
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2.2 Compact and chassis-type units

2.2.1 Water-cooled units
If you are using water-cooled MASTERDRIVES please note that the
permissible operating pressure depends on the construction type.

Type B to G Operating pressure < 1 bar. Operating pressures above 1 bar not
permitted! If the system is to be operated at higher pressure, the
pressure on each unit must be reduced to 1 bar initial pressure.

Type > J Operating pressure < 2.5 bar. Operating pressures above 2.5 bar not
permitted! If the system is to be operated at higher pressure, the
pressure on each unit must be reduced to 2.5 bar initial pressure.

222 Single units

The following two configuration examples show the wiring of a
converter (AC-AC) and an inverter (DC-AC).

The mains and motor connections and the connection to the braking
unit and fan can be seen on the right-hand side of the diagram.

The control terminal strips of the CUVC control board (Vector Control)
are shown enlarged for clarity on the left-hand side of the diagram.
Fig. 2-2 shows wiring examples for analog and digital inputs and
outputs.

You will also find descriptions of the terminals in the operating
instructions in the chapter entitled "Connecting-up".

Siemens AG  6SE7087-6QX60 (Version AG)
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Configuration example for compact or chassis-type unit (AC-AC)

Fig. 2-4
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Configuration example for compact or chassis-type unit (DC-AC)

Fig. 2-5
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224 Explanations relating to the configuration examples

(Compact and chassis-type units)
NOTE The following explanations refer to the numbered gray triangles in Figs.

1) Line fuses

2) Line contactor K1

3) Radio
interference
suppression filter

4) Line
commutating
reactor

5) Control terminal
strip X9

6) Fan power supply
for inverter
devices

2-1 to 2-3. These diagrams each show a drive configuration example.
The need for the individual components must be clarified according to
the given application.

In the catalog you will find the necessary information and notes
concerning the ratings of the individual components and the pertinent
order numbers.

The line fuses afford protection against short circuit and, depending on
their utilization category (gL, gR or aR), also protect the connected
conductors and rectifier or input rectifier of the unit.

The converter or rectifier units, or infeed/regenerative feedback unit is
connected to the power supply via the line contactor and disconnected
in case of need or in the event of a fault.

The system is dimensioned according to the output of the connected
converter, rectifier unit or rectifier/regenerative feedback unit.

A radio interference suppression filter is required whenever the radio
interference voltages originating from converters or rectifier units must
be reduced according to EN 61800-3.

The line commutating reactor limits current peaks and reduces
harmonics. It is also required, among other things, for compliance with
the permissible system perturbations according to EN 50178 and
compliance with the radio interference suppression voltages.

The X9 1/2 control terminals are provided with a connection for
supplying devices requiring an external 24 VV DC control voltage.

Terminals X9 7/9 on the compact units (inverters) and X9 4/5 on the
chassis units (converter and inverter) allow the output of an isolated
digital signal, e.g. to control a main contactor.

Function "SAFE STOP" on compact inverters and input units
(converters and inverters) with option K80

With the "SAFE STOP" function, a safety relay can be used to interrupt
the power supply for pulse transmission in the power section. This
ensures that the inverter cannot operate the connected motor.

On all chassis and compact units of type D, a supply voltage of 230 V
AC 50/60 Hz is required for the fans. The chassis units are connected
via X18:1.5 and the compact units are connected directly to fan fuses
F101 and F102.

Siemens AG  6SE7087-6QX60 (Version AG)
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10) 24 V auxiliary
power supply

11) X300 serial
interface

15) Output reactors

16) Sine wave filter
du/dt-Filter

17) Output
contactor

18) Pulse generator

19) Motor fan

20) Freewheeling
diode

21) Fuse

22) Phase failure
relays

The external 24 V power supply serves to back up the communications
and diagnostics functions of the connected devices when the line
voltage is switched off. Rectifier units always require an external 24 V
power supply.

The following criteria apply to dimensioning:
¢ Currents (see Catalog DA65.10)

+ When the 24 V supply is switched in, an inrush current has to be
dealt with by the power supply.

+ There is no need to install a stabilized power supply; the voltage
range must be kept between 20 V and 30 V.

The serial interface is used for connecting the OP1S operator pane or a
PC. It can be operated according to the RS232 or the RS485 protocaol,
as desired.

Please refer to the operating instruction for information concerning
proper operation.

Limit the capacitive currents arising from long motor cables and make it
possible to operate motors situated a long way from the
converter/inverter.

(See Catalog DA65.10 Chapter 6).

Limit the rate of voltage rise occurring at the motor terminals and the
voltage peak (du/dt-Filter) or generate a sinusoidal voltage
characteristic (sine wave filter) at the motor terminals (see Catalog
DAG65.10, Chapter 6).

An output contactor serves a useful purpose wherever, with charged
DC link, a motor has to be electrically isolated from the convert/rectifier
unit.

Used to acquire the motor speed and allows speed-controlled operation
with the highest degree of dynamic response and precision.

Is to be operated in the case of separately ventilated motors.

For protection of the connected inverters against commutation failure.

To protect the signal cables of a phase failure relay.

Types suitable for a system voltage of 400 V 3 AC:
¢ Siemens 5TT3407 suitable for TN systems

+ Dold IL9079001 suitable for TN, TT and IT systems
Address: E. Dold & Séhne KG, PF 1251, D 78114 Furtwangen
Tel.: +49 7723/6540, Fax.: +49 7723/654356

The maximum response delay time is 20 ms.

The phase failure relays must be connected according to their
construction type.

2-14
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23) Voltage If the supply voltage deviates from 400 V, voltage transformers with a
transformer primary voltage corresponding to supply voltage U1 and U2 = 400 V on
the secondary side must be used.

The voltage transformers should correspond to class 0.5 or 1; size 3 VA
Transformers available on request from:

Ritz Messwandler GmbH & Co.
Salomon-Heine-Weg 72

D-20251 Hamburg

Tel.: +49 40/51123-0, Fax.: +49 40/51123-111

ELGE Elektro-Apparate GmbH
Grenzweg 3

D-91233 Neunkirchen

Tel.: +49 9123/6833

24) The output of the phase failure relay controls a digital input of the
rectifier/regenerative feedback unit on the CUR. Depending on the
requirements of the system, this input is assigned function AUS2 (trip
command with direct pulse disable P557.i) and disables the thyristors to
avoid a commutation failure very effectively.

Siemens AG  6SE7087-6QX60 (Version AG)
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23 Examples of motor junction wiring
2.3.1 Shielded cabling meeting EMC requirements to maintain EMC limit
values

The limit values of class A for industrial plants are met with the cabling
as shown in Fig. 2-7 and Fig. 2-8.

The limit values of class B1 for public networks are met with the cabling
as shown in Fig. 2-8.

e.g. NYCWY

PE / concentric CU shield
A(PE) > %2 A(Lx)

Transfor- || SIMOVERT MASTERDRIVES
mer/
supply Cabinet PE busbar
PE1 PE2 U2 V2 W2
PE ® ® 6 o o
® [ () ]
[ ]
Plant/factory ground
Fig. 2-7 Protodur power cable:

NYCY -0.6/1kV
NYCWY -0.6/1kV

6SE7087-6QX60 (Version AG) Siemens AG
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e.g.
Protoflex
EMV 3 plus

concentric CU shield

e.g.
Protoflex
EMV

concentric CU shield

Transfor- | [ SIMOVERT MASTERDRIVES Transfor- | [ SIMOVERT MASTERDRIVES
mer/ mer/
supply Cabinet PE busbar supply Cabinet PE busbar
PE1 PE2 U2 V2 W2 PE1 PE2 U2 V2 W2
PE ® ® o ¢ o PE ® ® o6 ¢ o

® [ [) ] [ [ [) ]
[ ] [ ]
Plant / factory ground Plant / factory ground

Fig. 2-8 Protoflex power cable 2YSLCY-J -0.6/1kV

Siemens AG  6SE7087-6QX60 (Version AG)
SIMOVERT MASTERDRIVES  Compendium Vector Control
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2.3.2

Unshielded cabling

Cabling installed according to the following figure is sufficient for

technical operation of the drive.

=
o0

Transfor- | | SIMOVERT MASTERDRIVES
mer/

supply Cabinet PE busbar

PE1 PE2 U2 V2 W2
PE ® ® & o o

® [ $ ]

[ ]
Plant / factory ground

Fig. 2-9 Protodur power cable NYY-J -0.6/1kV
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24 "Safe STOP" function
NOTICE The "SAFE STOP" function of SIMOVERT MASTERDRIVES (also

known as "Starting lockout" in SIMODRIVE 611) satisfies

EN 60 204-1/DIN VDE 0113 Part 1 Section 5.4, "Devices for switching
off and preventing unexpected starting", but does not satisfy Section
5.3, Main switch function (isolating from the power supply). The main
switch function can be performed only by the use of an electrically
isolating switching element. The "SAFE STOP" function is also suitable
for implementing the stop function according to Category 0 and 1 as
defined by EN 60 204-1 / VDE 0113 Part 1, Section 9.2.2.

The requirements for the behavior of the control functions in the case of
a fault (EN 60204-1, Section 9.4) are met by fulfillment of the
requirements of EN 954-1 acc. to Category 3.

Purpose of the
"SAFE STOP"
function

The SAFE STOP function is supplied as standard with SIMOVERT
MASTERDRIVES of the compact series of inverter units in sizes Ato D
(with the exception of converters and inverters for 270 V DC to 310 V
DC). In the case of chassis units and Compact PLUS units, this function
is obtainable in the form of the K80 option.

The "SAFE STOP" function prevents unexpected starting from standstill
of the connected motor. The "SAFE STOP" function should not be
activated until after the drive is at standstill, because otherwise no
further braking is possible. That is why the drive must be brought to
standstill and secured by means of an external machine control. The
"SAFE STOP" function interrupts the power supply used to drive the
IGBT modules.

NOTICE
Residual risk

A residual risk remains in the event of two faults occurring at the same
time. The drive can then turn through a small angle (permanent-field
synchronous servomotors, e. g. 1FT6, 1FK6: 4-pole 90°, 6-pole 60°,
8-pole 45°; asynchronous motors: in the remanence range max. 1 slot
division, or about 5° to15°).

The "SAFE STOP" function does not electrically isolate the equipment
and therefore gives not protection from "electric shock".

The whole machine must be isolated from the supply system by
opening the main switch (EN 60204/5.3) in the event of production
shutdowns or for maintenance, repair and cleaning work on the
machine or plant.

Siemens AG  6SE7087-6QX60 (Version AG)

SIMOVERT MASTERDRIVES
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NOTICE

When used with the positively-driven signal contacts of the compact
inverter units, the "SAFE STOP" function has to be connected to
terminal strip X9: 3/4 (chassis units: terminal strip X533: 1/2) in the line
contactor circuit or EMERGENCY OFF circuit. If there is any doubt as
to whether the SAFE STOP relay is functioning correctly with respect to
the operating mode of the machine, the drive concerned must be
electrically isolated from the power supply, e. g. by means of a line
contactor. The "SAFE STOP" function and the associated mode of
operation must not be used again until after the fault has been
remedied.

When the "SAFE STOP" function is activated, it is possible in some
cases for the "Operating" status signal to be generated at the
converter/inverter. But the pulses are not released and so the motor
cannot turn. A hazard is therefore ruled out.

From the control, with the aid of 'Checkback SAFE STOP' (X9 Pin 3/4;
X533 Pin 1/2), make sure that the SAFE STOP function cannot be
deactivated in converter statuses other than 'READY FOR
OPERATION' or 'READY FOR SWITCHING ON'.

In order that the converter/inverter control recognizes the 'SAFE STOP'
status and proceeds to process this status in the sequencing control, a
binary input of the CUVC control unit must be activated, thereby
generating the OFF2 command (cf. P555...P557) and hence a starting
lockout.

When the OFF2 command is activated via "SAFE STOP", the converter
status changes to 'Starting lockout'.

2-20
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(Option K 80)

Fig. 2-10 Configuration of the "Safe STOP" function in a SIMOVERT
MASTERDRIVES unit

Siemens AG  6SE7087-6QX60 (Version AG)
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Operating principle
of "SAFE STOP"

NOTICE

The power supply to the individual motor windings is controlled by
means of the inverter power sections. A pulse formation logic drives the
6 IGBT power transistors in a rotating-field-oriented pattern.

In each transistor arm, an optocoupler/fiber optic cable is connected
between the control logic and the control amplifier of the power section
for potential isolation.

As it cannot be ruled out that the inverter electronics will generate a
pulse pattern capable of producing a rotating field (without a start
command being present), a method was found of safely preventing the
pulse pattern from reaching the ignition and control inputs of the IGBTSs.
The "SAFE STOP" ACTIVE function implements an electrical
separation (interrupt) between the power supply and the driver
electronics of the IGBT inverter, thereby preventing the motor from
turning. The "SAFE STOP" function is activated by an external NO
contact and is active when the "SAFE STOP relay" has dropped out. In
the event of failure of the "SAFE STOP" function, the "SAFE STOP"
checkback contacts must separate the drive from the power supply by
means of a line contactor or the EMERGENCY STOP circuit.

No rotating-field-oriented operation of the power transistors is possible
while the "SAFE STOP" function is active. Simultaneous welding of two
IGBTSs is the worst case leading to the residual risk described in the
above.

e The motor can no longer develop torque while the "SAFE STOP"
function is activated. Non-self-locking drives must be secured by
means of a mechanical brake.

e The "SAFE STOP" function is not suitable for bringing a running
motor to a standstill as quickly as possible, because this function
turns off the control pulses and so the motor is braked only by the
load.

Advantage: The "SAFE STOP" function makes it unnecessary to
provide motor contactors.
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Connection of the In the case of compact inverter units, the "SAFE STOP" function is
"SAFE STOP" addressed via terminal strip X9:5/6, while in the case of chassis units it
function is addressed via terminal strip X533:3/4. When dropped out, the SAFE

STOP relay activates the "SAFE STOP" function.

Closure of terminals X9:3/4, or terminals X533:1/2 signifies that the
"SAFE STOP" function is active. These terminals provide a potential-
free signal of the status of the "SAFE STOP" function.

Terminal Designation Description Range
1 +24 V (in) 24 V voltage supply DC24V<25A
1 2 oV Reference potential oV
2 3 Contact 1 "Safe STOP" checkback 2A
4 4 Contact 2 "Safe STOP" checkback DC30V
5 5 P24 DC "Safe STOP" supply 10...30 mA
6 voltage
7 6 Switched signal ~ "Safe STOP" control input DC30V
: 7 HV control Main contactor control
8 Not connected Not used
9 HV control Main contactor control DC30V,05A
Connectable cross-section: 1.5 mm? (AWG 16)
Table 2-1 Terminal connections of external aux. voltage supply DC 24 V, Safe
STOP, main contactor control for compact units
Terminal Designation Description Range
X533 4 P24 DC "Safe STOP" supply voltage DC24 'V
} : % g 3 Switched signal "Safe STOP" control input 30 mA
t . |2 2 Contact 2 "Safe STOP" checkback DC 30V
& (1 1 Contact 1 "Safe STOP" checkback 2A1)

Connectable cross-section: 2.5 mm? (AWG 12)

Table 2-2 Terminal connections of the K80 Option "Safe STOP" on chassis units

1) Compact PLUS tpye: 1 A
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3 Instructions for Design of Drives in
Conformance with EMC Regulations

3.1 Foreword

The modular design of SIMOVERT MASTERDRIVES permits a large
number of possible drive converter/equipment combinations so that it is
not practical to provide a separate description for every individual
combination here. It is more purposeful for this document to provide
basic information and generally applicable rules so that you can
configure your particular drive converter/equipment combination in an
"electromagnetically compatible" manner.

The drives are operated in widely varying environments and any
additionally used components (control systems, switch-mode power
sections, etc.) can differ considerably as far as their noise immunity and
noise emission levels are concerned. For this reason, it is permissible
to deviate from the EMC regulations on a case-to-case basis after
individual investigation.

In the context of the EMC Law, SIMOVERT MASTERDRIVES are
considered as "components" rather than "units". For a better
understanding of these instructions, however, the generally used term
"units" is used.

With effect from June 1996, the "EMC product standard including
special test methods for electric drive units" EN 61800-3 (VDE 0160
T100, IEC 1800-3) is applicable for frequency converters. Before this
product standard came into force, the standards EN 50081 with

EN 55011 and EN 50082 with IEC 801 were applicable. These are no
longer relevant for frequency converters now that the product standard
has come into force.

Please contact your local Siemens office regarding any other queries
you may have relating to EMC.
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3.2
3.21

3.2.2

Principles of EMC
What is EMC?

EMC stands for "Electromagnetic Compatibility" and, in accordance
with the EMC Law §2(7), it defines "the capability of a unit to operate
satisfactorily in an electromagnetic environment, without itself causing
electromagnetic disturbances which would be unacceptable for other
electrical units in this environment".

In principle, this means that units should not interfere with each other.
And this is a feature that you have always looked for in your electrical
products!

Noise emission and noise immunity

EMC is dependent on two characteristics of the units concerned - the
emitted noise and the noise immunity. Electrical equipment can either
be treated as a noise source (transmitter) and/or a noise receiver.
Electromagnetic compatability exists when the existing interference
sources do not affect the function of the noise receivers. It is also
possible for a unit to be both an interference source and an interference
receiver at the same time. For example, the power section of a
frequency converter can be regarded as a noise source, whereas the
control section can be regarded as a noise receiver.

The noise emission of frequency converters is governed by the
European Standard EN 61800-3. The cable-related noise at the mains
connection is measured under standard conditions as radio interference
voltage. Electromagnetically emitted noise is measured as radio
interference (radiated noise). The standard defines limit values "First
environment" (public supply networks) and "Second environment"
(industrial networks).

When the equipment is connected up to the public supply, the
maximum harmonics specified by the local power supply company must
be observed.

The noise immunity of a unit describes how it behaves when
subjected to electromagnetic noise/interference. The requirements and
evaluation criteria for the behaviour of the electrical units are also laid
down in standard EN 61800-3.

3-2
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3.2.3 Industrial and domestic applications

Limit values are laid down for emitted noise and noise immunity
depending on the application for which the units are envisaged. A
differentiation is made between industrial and domestic environments.
In industrial environments, the noise immunity of the units must be very
high, but lower requirements are made concerning the emitted noise. In
domestic environments, i.e. when connected to public supply systems,
there are strict regulations concerning emitted noise but, on the other
hand, the units can be designed with a lower noise immunity.

If the drive is an integral part of a system, it does not initially have to
satisfy any demands regarding emitted noise and noise immunity.
However, the EMC Law specifies that a system must as a whole be
electromagnetically compatible within its environment. Within the
system, the owner will, in his own interest, make sure that his
equipment is electromagnetically compatible.

Without a radio interference suppression filter, the emitted noise of the
SIMOVERT MASTERDRIVES frequency converters exceeds the limit
value "First environment". Limit values are currently still under
discussion for the "Second environment" sector (see EN 61800-3
section 6.3.2). However, their high noise immunity makes them
insensitive to the noise emitted by units in their vicinity. If all control
components of the system (e.g. automation devices) have a noise
immunity suitable for industrial environments, then it is not necessary
for every drive to maintain this limit value.

3.24 Non-grounded systems

In some industrial sectors, non-grounded supplies (IT supplies) are
used to increase the availability of the plant/installation. In the event of
a ground fault, no fault current flows, and the plant can still produce.
However, when a radio interference suppression filter is used, a fault
current will flow when a ground fault occurs, which may cause
shutdown of the drives or even the destruction of the radio interference
suppression filter. In order to minimize this fault current, the radio
interference suppression filter has to be designed differently which will
quickly reach the physical limits. Radio interference suppression filters
additionally affect the concept of non-grounded supply networks and
can thus result in a safety risk when used with these networks (see
Product Standard EN 61800-3: 1996). If required, radio interference
suppression should thus be realized at the grounded primary side of the
supply transformer or with a single special filter at the secondary side.
The special filter also generates leakage currents to ground. A ground-
leakage monitor which is usually used in non-grounded systems has to
be adjusted to the special filter.
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3.3 The frequency converter and its electromagnetic
compatibility

3.3.1 The frequency converter as a noise source

Mode of operation SIMOVERT MASTERDRIVES frequency converters operate with a
of SIMOVERT voltage-source DC link.

MASTERDRIVES In order to keep the power losses as low as possible, the inverter

switches the DC link voltage to the motor winding in the form of voltage
blocks.

An almost sinusoidal current flows in the motor.

Frequency converter

. 1] 1] Motor
Mains Rectifier DC Inverter i
link tu [ M
L J \ 3~
Bt 0 T

Fig. 3-1 Block diagram showing output voltage V and motor current | of a frequency
converter

The described mode of operation in conjunction with high-performance
semiconductor switching elements have made it possible to develop
compact frequency converters which now play a vital role in drive
technology.

As well as having many advantages, the fast semiconductor switches
also have one disadvantage:

A pulse-type noise current flows to ground through parasitic
capacitances Cp at each switching edge. Parasitic capacitances exist
between the motor cable and ground, and also within the motor.

6SE7087-6QX60 (Version AG) Siemens AG
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Measures to
reduce noise
emission
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Fig. 3-2 Block diagram showing output voltage V and fault current Is

The source of the fault current lg is the inverter, which is the reason
why the fault current must also flow back to the inverter. Impedance Z
and ground impedance Z¢ act in the return flow path. Impedance Z
forms parasitic capacitances between the supply cable and ground,
which is connected in parallel with the impedance (between phase and
ground) of the supply transformer. The noise current itself and the
voltage drops across Zy and Zg caused by the noise current can also
affect other electrical units.

Frequency converters generate the high-frequency noise currents
which have already been described. In addition, low-frequency
harmonics should be taken into account. As a result of rectification of
the line supply, a non-sinusoidal line current is drawn which causes a
distortion of the line supply voltage.

Low-frequency harmonics are reduced using line reactors.

The high-frequency noise emission can only be reduced if the
generated noise current is correctly routed. Using non-shielded motor
cables, the noise current flows in an undefined fashion back to the
frequency converter, e.g. via foundation/base frame grounders, cable
ducts, cabinet frames. These current paths have a very low resistance
for currents with a frequency of 50 or 60 Hz. However, the noise current
induces a high-frequency component, which can result in problematical
voltage drops.

A shielded motor cable is absolutely necessary to enable the fault
current to flow back to the frequency converter in a defined fashion.
The shield must be connected to the housing of the frequency
converter and to the motor housing through a large surface area. The
shield now forms the easiest path for the noise current to take when
returning to the frequency converter.
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Radio interference
suppression filter

Line filter Frequency converter Shielded motor supply cable
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Fig. 3-3 Flow of the noise current with shielded motor cable

A shielded motor cable with a shield connected at both sides causes
the noise current to flow back to the frequency converter through the
shield.

Although (almost) no voltage drop arises across impedance Zg for
shielded motor cables, the voltage drop across impedance Z can
affect other electrical units.

For this reason, a radio interference suppression filter should be
installed in the supply feeder cable to the frequency converter.
Arrangement of the components as per the following figure.

SIMOVERT

Line reactor MASTERDRIVES

TN supply—
or

TT supply—|

L1

L2

L3

PE

Shielded motor

219N
Last

L1

L2'

L3'

PE'

1U1 - 1U2

1V1 - 1v2

1WA1 - 1W2

U1

VA1

W1

PE1

cable

Mounting panel

Fig. 3-4 Arrangement of the components

Radio interference suppression filters and frequency converters must
be connected through a low-ohmic resistance for the high-frequency
noise currents. In practice, this requirement is best satisfied by
mounting the frequency converters and radio interference suppression
filters on a common panel. Frequency converters and radio interference
suppression filters must be connected to the mounting panel through
the largest possible surface area.

The SIMOVERT MASTERDRIVES must be installed in an enclosed
cabinet in order to limit the radio interference radiation. In particular,
the radio interference radiation is determined by the control section with
its microprocessor and it is therefore comparable with the noise emitted
from a computer. If there are no radio transmission services in the
immediate vicinity of the SIMOVERT MASTERDRIVES, there is no
need for a high-frequency-sealed cabinet.

Radio interference radiation is not limited if the units are installed in
racks. In this case, adequate shielding should be provided by suitably
designing the equipment room/area.
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3.3.2 The frequency converter as a noise receiver
Ways in which Noise can enter a unit either galvanically, inductively or capacitively.

noise is received

Measures to
increase noise
immunity

The equivalent circuit diagram shows a noise source which causes
noise current lg in the unit due to capacitive coupling effects. The
magnitude of the coupling capacitance Cy is determined by the cabling
and the mechanical design.

Unit

Noise Cx Board
source Is,.

Signal

cable

Zi
17777

Fig. 3-5 Capacitive coupling for non-shielded signal cables

Noise current Ig produces a voltage drop across impedance Z;. If the
noise current flows through a board with fast electronic components
(e.g. microprocessor), even a small spike in the us area and an
amplitude of just a few volts can lead to disturbing noise.

The most effective way of preventing noise being coupled-in is to
rigorously separate power and signal cables.

Unit
Noise [ n | Figer oart
source 0 1V AN
Shielded
Signal Is Zi
cable
17777 177177
Fig. 3-6 Increasing the noise immunity by using shielded signal cables

The inputs and outputs of the SIMOVERT MASTERDRIVES control
section are fitted with filters that keep noise currents I5 separate from
the electronics. The filters also smooth the useful signal. In the case of
signal cables with extremely high-frequency signals, e.g. from the
digital tachometer, this smoothing has a disturbing effect. As no
smoothing is possible on account of its functionality, shielded signal
cables have to be used here. The noise current now flows back to the
noise source via the shield and the housing.

The shields of digital signal cables always have to be connected at
both ends, i.e. at the transmitter and at the receiver!

Siemens AG  6SE7087-6QX60 (Version AG)

SIMOVERT MASTERDRIVES

Compendium Vector Control 3-7



Instructions for Design of Drives in Conformance with EMC Regulations 05.2003

3.4

In the case of analog signal cables, low-frequency noise can arise if
the shield is connected at both ends (hum is coupled-in). In this case,
the shield must only be connected at one end at the SIMOVERT
MASTERDRIVES. The other end of the shield should be grounded
through a capacitor (e.g. 10 nF/100 V type MKT). This capacitor
enables the shield to be connected at both ends after all as far as high-
frequency noise is concerned.

EMC planning

If two units are not electromagnetically compatible, the noise radiated
by the noise transmitter can be reduced, or the noise immunity of the
noise receiver can be increased. Noise sources are often power
electronic units with a large current drain. Complex filters are necessary
to reduce their noise emission. Noise receivers especially include
control devices and sensors/transmitters, as well as their evaluation
circuit. Not so much effort and cost is required to increase the noise
immunity of low-power units. In industrial environments, it is therefore
more cost-effective to increase the noise immunity than to reduce the
noise emission.

To maintain the "Second environment" limit value class specified in EN
55011, the radio interference voltage at the mains connection point can
be a maximum of 79 dB (uV) between 150 kHz and 500 kHz, and a
maximum of 73 dB (uV) between 500 kHz und 30 MHz. When
expressed in volts, these values are 9 mV and 4.5 mV respectively!

Before radio interference measures can be applied, it must first be
clarified at which locations you or your customer require EMC. See the
following example:

3-8
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Fig. 3-7 Block diagram of a drive system

The purpose of a frequency converter is to drive a motor. The
frequency converter, the relevant open-loop control and sensor system
are accommodated in a cabinet. The emitted noise has to be limited at
the mains connection point and therefore radio interference
suppression filters and line reactors are installed in the cabinet.

Assuming that all requirements are met at Point © - can it be supposed
that electromagnetic compatibility exists?

This question cannot just be answered with "yes" because EMC has to
be reliably ensured inside the cabinet as well. It is possible that the
control system produces electromagnetic influences at interfaces @
and @, and the sensor system at interfaces @ and ®.

Therefore, a radio interference suppression filter by itself cannot ensure
EMC!

See the following sections.
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3.4.1

The zone concept

The most cost-effective measure of reducing interference is to spatially
separate the noise sources and the noise receivers. This must,
however, already be taken into account during the planning stage of a
machine/system. The first question that has to be answered is whether
the unit used is a noise source or a noise receiver. Noise sources in
this connection are, for example, frequency converters, braking units,
contac