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1   About this Product manual

1 About this Product manual
The purpose of this Product manual is to ensure the safe use of the servo drives of the
BL 4000-D and BL 4000-M series and of the Metronix ServoCommander®
parameterisation software.
The safety instructions and warnings in this Product manual must always be followed.

1.1 Explanations and notation

1.1.1 Structure of the warning notes
Warning notes have the following structure:

l Signal word
l Type of hazard
l Measures to prevent the hazard

Signal words

Indicates an imminent hazard.
If the situation is not avoided, extremely serious and possibly fatal injuries will result.

Indicates a potentially hazardous situation.
If the situation is not avoided, extremely serious and possibly fatal injuries may result.

Indicates a potentially hazardous situation.
If the situation is not avoided, slight or minor injuries may result.

Warns against damage to property.

Warning signs as per ISO 7010
Warning sign Explanation

Warning against fatal electric voltage.

Warning against hot surfaces.
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1   About this Product manual

1.1.2 Notation in this Product manual

Structure of notes
The notes in this Product manual have the following structure:

l Signal word "NOTE"
l Introductory phrase
l Explanations and special tips

Operating elements, menus
Operating elements, menus and menu paths are written in orange.
Example: Double-clicking the desired device or clicking the button
Establish connection will establish an online connection.

Quick-start symbol
The quick-start symbols in the main window of Metronix ServoCommander® are
explained as follows:

Parameter / IOs / Digital Outputs

1.2 Additional documents
Further information can be found in the following manuals:

l EtherCAT and CANopen manual BL 4000: This manual describes the
commissioning procedure for the servo drives ARS 2000 FS or BL 4000 with a
CANopen or EtherCAT control system.

l PROFIBUS/PROFINET manual ARS 2000 FS / smartServo BL 4000: This
manual describes the commissioning procedure for the servo drives ARS 2000
FS or BL 4000 with a PROFINET control system.

You can find all of these documents on our homepage for download. Certificates and
declarations of conformity for the products described in this manual can also be found at
our homepage: https://www.metronix.de

1.3 Order numbers
Order number Description
9200-4840-2000 BL 4840-M

9200-4840-3000 BL 4840-D

9200-4840-2015 BL 4840-M CAN

9200-4840-3015 BL 4840-D CAN
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1   About this Product manual

Order number Description
9200-4104-2000 BL 4104-M

9200-4104-3000 BL 4104-D

9200-4104-2015 BL 4104-M CAN

9200-4104-3015 BL 4104-D CAN

1.4 Applicable standards
Standard Description
EN 13849-1:2015 Safety of machinery - Safety-related parts of control systems -

Part 1: General principles for design

EN 50581 Technical documentation for the assessment of electrical and
electronic products with respect to the restriction of hazardous
substances

EN 60204-1 Safety of machinery - Electrical equipment of machines - Part 1:
General requirements

EN 61800-3 Adjustable speed electrical power drive systems - Part 3: EMC
requirements and specific test methods

EN 61800-5-1 Adjustable speed electrical power drive systems - Part 5-1:
Safety requirements - Electrical, thermal and energy

EN 61800-5-2 Adjustable speed electrical power drive systems - Part 5-2:
Safety requirements - Functional

EN 62061 Safety of machinery - Functional safety of safety-related
electrical, electronic and programmable electronic control
systems

EN ISO 12100 Safety of machinery - General principles for design - Risk
assessment and risk reduction

IEC 61508 Teil 1-7 Functional safety of electrical/electronic/programmable electronic
safety-related systems

IEC 82079-1 Preparation of instructions for use - Structuring, content and
presentation - Part 1: General principles and detailed
requirements

UL 61800-5-1 Standard for Adjustable Speed Electrical Power Drive Systems -
Part 5-1: Safety Requirements - Electrical, Thermal and Energy

CSA C22.2 No. 274 Adjustable speed drives
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2   For your own safety

2 For your own safety
Servo drives of the BL 4000-M / BL 4000-D series can only be used safely, if you read
and comply with this document.

2.1 General information
The servo drive has a safe design. However, certain hazards exist in the context of
certain activities. These hazards can be avoided by following the correct procedures.
The correct procedures for avoiding these hazards are described in this document.
In addition to the instructions described in this document, there may be additional health
and safety instructions as well as general safety instructions that you must comply with.
Keep informed about all of these aspects.
Professional project planning is a prerequisite for the correct and trouble-free operation
of the servo drive.
The following requirements must be fulfilled to ensure the trouble-free and safe
operation of the servo drive.

l Proper and correct transport
l Proper storage
l Proper installation
l Proper project planning taking in consideration all of the potential risks,
necessary protective and emergency measures and the installation

l Careful operation and proper maintenance.

Only trained and qualified personnel in accordance with section 2.3 Target group on
page 14 are authorised to work with or on the electrical systems.
The following instructions must be read and understood prior to the initial operation of
the system in order to prevent injuries and/or damage to property. The following safety
instructions must be complied with at all times:

l Do not attempt to install or start the servo drive without having read all of the
safety instructions in this document concerning the electrical drives and
controllers. These safety instructions and all other user notes must be read prior
to performing any work with the servo drive.

l If the servo drive is sold, rented out or otherwise distributed to third parties, these
safety instructions must be included.

l The user must not open the servo drive for safety and warranty reasons.
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2   For your own safety

2.2 Intended use
The electronic drive control unit (servo drive) is intended for operation in combination
with electric motors in an industrial environment. The handling of the servo drive
requires qualified personnel that have been trained in terms of general and, in particular,
electrical safety. The intended use also includes compliance with the information and
instructions in this manual.
Any use going beyond or deviating from the intended use will be considered as misuse.

 Hazards caused by misuse
Misuse of the servo drive will lead to dangerous situations.

l Use the servo drive only under the specified ambient condition.
l Do not use the servo drive outdoors or in explosive atmospheres.
l Use suitable and qualified specialist personnel for any type of work on the servo
drive.

l Always comply with the voltage ranges that are specified in section 12
Technical data on page 237.

l Follow all of the instructions in this manual concerning the safe use of the servo
drive.

2.3 Target group
Over its entire service life, work on the servo drive, with the exception of its operation,
may only be performed by specialist personnel and/or instructed persons who have
been trained for the required tasks. The servo drive is to be operated by the user.

Trained and qualified personnel
Qualified personnel in the sense of this document are persons who are sufficiently
familiar with the project, set-up, installation, commissioning and operation of the servo
drive as well as with all of the warnings and precautions and who are sufficiently
qualified in their field of expertise:

l They have been trained, instructed and authorised to perform the switching and
earthing (grounding) of the devices/systems in line with the applicable safety
standards and to label them accordingly as per the job requirements.

l The service and maintenance personnel have undergone special training in the
context of ESD protection measures.

l They have been trained and instructed in line with the applicable safety standards
in terms of the maintenance and use of adequate safety equipment.

l They have completed first aid training.
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4   Quick-start guide

4.4.3 Adjusting the input limits
Via the menu Options/Input limits, the following window can be accessed:

Figure 14: Input limits

Enter the maximum speed and acceleration values that you are expecting for your
application. The Metronix ServoCommander® program uses these values for limiting the
entries into the program. Any values that are already present in the servo drive will not
be limited by this process.
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4   Quick-start guide

4.4.4 Configuration of the motor data

Parameters/Device parameters/Motor data

During the commissioning process, the following menu appears. You can enter the
maximum and nominal current values of the motor into this menu.

Figure 15: "Motor data" window

Enter the current values based on the data on the type plate.

 Risk of damage to the motor
Please note that the values to be entered for the maximum current and rated current
are effective values! If the current values are too high, the motor will be destroyed as
the permanent magnets inside the motor will be demagnetised. The current limits
stated by the manufacturer must not be exceeded. If in doubt, use smaller current
values initially.
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4   Quick-start guide

4.4.5 Safety parameters
This menu is used to parameterise the limitations and monitoring functions of the drive.
They are not functions in the sense of functional safety. Fields that are irrelevant for the
commissioning process are greyed out. Outside of the commissioning process, the
menu can be activated via Parameters/Safety parameters.

Figure 16: "Safety parameters" window

The Decelerations group can be used to define the deceleration of the drive under
various conditions.
Override: In Positioning mode, the current, preset speed of movement of an active
positioning run is additionally determined by a specific factor (override). As a result, the
speed of movement stored in the position set multiplied by the override factor is taken
into consideration during the cyclic calculation. The override applies to all of the position
sets and is also used during the homing run. If it has a value of 100%, it has practically
no effect.
The override is mainly used by fieldbus systems which set this value cyclically. It is also
useful during a commissioning process. It can be used for the temporary reduction of the
speed of motion of all of the position sets without having to change this parameter
individually in the various position sets.
The override will not be saved. After a reset, the value is always 100%.
Motor overspeed protection: If the current speed exceeds the value stated in this field,
error number 10-0 "Overspeed (motor overspeed protection)" will be issued.
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4   Quick-start guide

4.4.6 Motor temperature monitoring
This menu is used to configure the motor temperature monitoring function. The menu
can also be opened via Parameters/Device parameters/Temperature monitoring.

Figure 17: "Temperature monitoring" window

It is possible to directly select typical sensors for the analogue motor temperature
sensor. In addition, non-linear characteristic curves with up to 10 interpolation points can
be parameterised. The parameterisation of such a characteristic curve and of other
monitoring functions (short circuit and wire break) are described in detail in section 7.16
Motor temperature monitoring system on page 178.

 Dangerous electrical voltage!
The signals for the temperature sensor "MT-" and "MT+" at the motor connector [X6]
must be connected to protective extra-low voltage (PELV) on the motor side and they
must be insulated against the motor phases.
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4   Quick-start guide

4.4.7 Commutation encoder
This menu is used to define the input through which the servo drive will receive its
commutation information. The menu can also be opened via Parameters/Device
parameters/Actual value selection.
State the connection through which the commutation information and the actual speed
value will be provided.

Figure 18: "Encoder selection" window

The actual value selection defines the encoder signal for feedback. The signals
"Resolver", "Encoder" and [X1] are available. An angle encoder is assigned to these
signals in the angle encoder menu (Settings button). You can define separate angle
encoders for the acquisition of the actual position value (Actual position value),
commutation (Commutating encoder) and synchronisation. See section 6.3 Applications
with several angle encoders on page 99.
The selected configuration is shown in the form of an overview.
The setpoint selector and the controller overview are provided in the form of buttons
used to activate the corresponding dialogues.

 Buttons
You can use the buttons to quickly open the associated menus (e.g. setpoint
selection). This option is disabled during the commissioning process.
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4   Quick-start guide

4.4.8 Angle encoder settings

Parameter/Device parameters/Encoder-Settings/Encoder

The menu is skipped during the commissioning process, if a resolver is used as the
commutation encoder.
If a different type of encoder is connected as the commutation encoder, additional
information about the angle encoder must be provided. This can be done in this menu.

Figure 19: „Angle encoder settings“ window - „Encoder“ tab

First, you need to tick the checkbox active so that the servo drive will evaluate the
encoder information of this connection.
You can use the tab Encoder list to select your specific encoder type or encoder series
from a list of predefined encoders. In the case of encoders with serial connection for
communication with the servo drive, all of the relevant information will then be read out
of the encoder.
However, the encoder settings can also be defined manually on the Settings tab. All of
the setting options are explained in detail in section 7.5 Angle encoder settings on page
125.
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4   Quick-start guide

4.4.9 Angle encoder identification (automatic
determination)
The angle encoder is automatically identified during the commissioning process. The
following parameters are determined during the identification:

l Number of pairs of poles
l Angle encoder offset
l Phase sequence of the angle encoder (anti-clockwise, clockwise)

Outside of the commissioning process, the function can be accessed via the following
menus:

l Parameters/Device parameters/Motor data: button Auto detect
l Parameters/Device parameters/Angle encoder settings: button Auto detect

The following conditions must be fulfilled for an automatic identification:

l The motor is completely wired and connected to earth
l The DC bus voltage is present
l The servo drive is free from errors
l The STO inputs are connected to the 24 V supply
l The shaft can move freely

 Damage to property caused by incorrect data
Incorrect angle encoder data may lead to uncontrolled movements of the drive. This
may cause damage to the motor or to the entire system.

A failure of the automatic identification may be due to the following:

l The parameterised motor current is too low or the motor shaft cannot move
l If there are several servo drives in the same control cabinet, another encoder
than the one belonging to the motor is connected to the servo drive

l Incorrect encoder configuration
l Defective motor (this must be analysed by measuring the winding resistance
values)

l Not all of the phases are connected. This must be analysed by measuring the
winding resistance values at the motor connector of the servo drive
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4   Quick-start guide

4.4.10 Automatic identification of the current controller
 Damage to property caused by incorrect data

Incorrect data of the current controller gain and time constant may cause oscillations.
This, in turn, may destroy the motor and the servo drive.

The current controller is automatically identified during the commissioning process. The
following parameters are determined during the identification:

l Current controller gain
l Current controller time constant

Outside the commissioning process, the function can also be accessed as follows:

Parameters/Controller parameters/Current controller Button Auto detect

4.4.11 Configuring the polarity of the limit switches
This menu can also be accessed via Parameters/Device parameters/Limit switches.
Adjust your drive such that no limit switch is active. Ensure that no LED is active in the
menu shown below. You can configure this by clicking Normally closed or Normally
open. The switch symbols indicate the recognised state of the inputs.

Figure 20: "Limit switches" window

The checkbox Change limit switch can be used to swap the assignment of the two digital
inputs DIN6 and DIN7 to the limit switches E0 and E1. The physical limit switch that is
connected to DIN6 adopts the mode of operation of the limit switch that is connected to
DIN7 and vice versa. As a result, the functional assignment can be changed flexibly
without having to change the wiring of the servo drive. The little illustration in the middle
shows a blue arrow when the drive moves towards one of the limit switches.
Limit switches are used to limit the range of movement of the application. For the
optimum set-up of the limit switches, the following conditions must be fulfilled:
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4   Quick-start guide

l In the case of movement at high speed, the necessary distance for braking must
be taken into consideration. The installation of the limit switches must provide
sufficient space for stopping until the stop is reached.

l To ensure the correct performance of homing runs and the correct disabling of
the direction of rotation by the servo drive, the limit switches must be suitable for
the direction of movement of the drive. This means that in the case of a positive
movement (the position value in the actual value display increases), limit switch 1
(E1) will be actuated, thereby limiting the range of movement.

4.4.12 Configuration of the speed controller (auto-tuning
with FAST)
The parameterisation programMetronix ServoCommander® and the auto-tuning tool
FAST (Flexible Advanced Servodrive Tuning) can be used for the automatic
determination of the parameters for the speed and position controller with regard to the
application.

 System damage caused by oscillations
Using this method for adjusting the speed and position controllers will briefly cause
oscillations of the drive and mechanical components. In extreme cases, the system
may be damaged. Do not use this method if the system is prone to oscillate as damage
may result.

The auto-tuning tool FAST is suitable for the following types of systems:
Rigid systems:

l Rotatory synchronous motor with a direct load connection
l Linear motor with a direct load connection

Partially elastic systems:

l Rotatory synchronous motor with a transmission and load connection
l Rotatory synchronous motor with or without a transmission and a translatory ball
screw axis with a direct load connection

The auto-tuning tool FAST is not suitable for elastic systems (e.g. a motor with a toothed
belt axis). However, these systems can also be optimised rather well.

Figure 21: "Auto tuning" window
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4.4.13 Configuration of the position controller
If the automatic identification (FAST) has not been successful, the system suggests
using the default parameters for the position controller.

Figure 23: "Position controller" window

If the automatic identification of the controller parameters has not led to an optimum
result, the drive can be optimised manually. This is described in section 7.6.4 Manual
optimisation of the controllers on page 149.
The following values can be changed:

l Gain: Proportional gain of the position controller.
l Max. correction speed: Here, you can define the speed to be added to the speed
of movement in the event of a following error.

l Dead range: negative and positive dead range: Here, you can specify a
permissible distance between the setpoint value and the actual value within
which the position controller will not become active.
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4.4.14 Permanent storage of the parameters

File/Parameter set/Save parameter set

For a successful completion of the parameterisation, the parameters must be stored
permanently in the servo drive.
Click Next >>.

Figure 24: "First commissioning" window

Saving the data in a DCO file
The values determined during the commissioning process should be saved permanently
in the servo drive and also in a file on the PC. As a result, other drive systems with the
same servo drive/motor combination can be commissioned particularly quickly and
easily. In addition, the parameters can be restored easily in the event of a fault or
service.
All of the adjustable parameters combined are known as a parameter set (see section
7.4 Parameter sets on page 122). To save a parameter set as a DCO file on the PC,
click Next >>
Enter a file name with the extension DCO into the *.DCO field. In addition, enter the
Motor type and a brief Description. To save the file, simply click OK.
If you do not want to save the parameter set, click Skip.
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5 Enabling the servo drive and
selecting the set values
After the commissioning process, the servo drive can be enabled, and the motor can
perform a movement.

5.1 Configuring the enable logic
In order to be able to enable the servo drive, the enable logic must be configured. The
enable logic determines the conditions that must be fulfilled to activate the power output
stage so that the motor is supplied with current.

 Servo drive enable logic
Please note that the servo drive enable logic will be automatically configured for the
bus system after a reset when the bus system is activated. As a result, the servo drive
can only be enabled via the bus system. To enable the drive via the
Metronix ServoCommander® for test purposes, you need to deactivate the bus system
and change the servo drive enable logic.

The default parameter set switches the operating mode to positioning. This is why it is
recommended to use the drive in jog mode for testing.
To select the servo drive, either select Parameters/Device parameters/Controller enable
logic or click the button in the field Controller enable in the Commands window.
Select Parameterisation interface only.

Figure 25: "Controller enable logic" window
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6   Applications

6.1.3 Methods 17 and 18: positive and negative limit
switch
If these methods are used, the drive moves in the positive direction (18) or negative
direction (17) at search speed until it reaches the limit switch. Then, the drive moves
back at crawl speed and tries to find the exact position of the limit switch. The home
position refers to the falling edge of the limit switch.

Figure 37: Homing run to the limit switch

6.1.4 Methods 1 and 2: positive and negative limit switch
with index pulse evaluation
Like in the case of the previous method, the system tries to find the limit switch.
However, in this case, the home position refers to the first index pulse of the angle
encoder in the negative (1) or positive (2) direction as seen from the limit switch.

Figure 38: Homing run to the limit switch with index pulse evaluation
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6.1.5 Methods 23 and 27: reference switch
These two methods use a reference switch which is active only over a certain part of the
distance. This method is particularly suitable for rotary axis applications in which the
reference switch is activated once during every rotation. If this method is used, the drive
moves in the positive direction (23) or negative direction (27) at search speed until it
reaches the reference switch. Then, the drive moves back at crawl speed and tries to
find the exact position of the reference switch. The home position refers to the falling
edge of the reference switch. If, at the beginning, the drive moves away from the
reference switch, the associated limit switch causes a reversal of the direction of rotation
so that the reference switch will be found.

Figure 39: Homing run to the reference switch
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6.1.6 Methods 7 and 11: reference switch and index
pulse evaluation
Like methods 23 and 27, methods 7 and 11 use the reference switch. In addition,
however, the home position refers to the first index pulse in the negative or positive
direction as seen from the reference switch.

Figure 40: Homing run to the reference switch with index pulse evaluation

Product manual BL 4000-D and BL 4000-M Page 74 of 305



6   Applications

6.1.7 Methods -23 and -27: homing run
(positive/negative) to the reference switch
These methods are similar to the methods 23 and 27. However, in this case, the system
tries to locate the end of the range of movement, e.g. the stop or a limit switch, in a first
step. It is only then that the system searches for the reference switch. As a result,
several switches can be connected to the same input for the reference switch. During
the homing run, the "last" switch in the search direction will be used as the reference
switch. In the case of method -23, the drive moves in the positive direction first, and in
the case of method -27, it moves in the negative direction first. The home position refers
to the falling edge of the reference switch.

Figure 41: Reference switch with an initial movement in the positive and negative
direction

6.1.8 Methods 32 and 33: homing to the index pulse
In the case of method 32 and method 33, the direction of the homing run is negative or
positive. The home position refers to the first index pulse of the angle encoder in the
search direction.

Figure 42: Index pulse with a negative (32) and positive (33) initial movement

6.1.9 Method 34: homing to the current position
In the case of method 34, the home position refers to the current position, i.e. the current
position of the drive is set to zero.
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6.1.10 Parameterisation of the homing method

Parameters/Positioning/Homing position

The homing run can be parameterised in the Homing position menu.
This is where you can select your homing method. See also section 6.1 Homing process
on page 70.

Figure 43: "Homing position" window - "Mode" tab
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6.1.11 Parameterisation of the homing run: settings
Under the Settings tab, a window opens where the following settings can be made:

Figure 44: "Homing position" window - "Settings" tab

Homing after reset and controller enable
If this option is selected, the homing run will not be started until the servo drive is
enabled for the first time after the 24 V supply has been activated.
Go to zero position after homing
If this option is selected, the drive will move to the home position at normal running
speed after the target and reference point of the homing run have been reached.
Homing switch at index pulse track of X2B
If this option is active, an index pulse of [X2] will be considered a reference pulse.
Timeout watch
If this option is active, the time will be monitored. If the homing run takes longer than the
specified timeout time, an error will be generated. The time will be monitored at intervals
of 10 ms.
No homing after detection of the commutation offset
This option does not become effective unless the drive is a drive without any
commutation signals. In the default configuration, a homing run will be started
automatically after the successful determination of the commutation position. If you want
to suppress this, select this option.
No synchronisation during the homing run
In the case of synchronised applications, it may be useful to suppress the
synchronisation during the homing run. In this case, select this option to deactivate the
synchronisation during the homing run.
Type of homing switch
Please specify whether your reference switch (homing switch) is a normally closed
switch or a normally open switch.
Max. homing distance permitted
This option can be used to specify a maximum search distance. If the system cannot
detect any target signals (e.g. a limit switch) or the home position within this search
distance, it will issue an error message.
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Max. position limits
If this button is clicked, the search distance will be determined based on the maximum
position limits.
Offset start position
The actual home position, i.e. the mathematical zero point for the subsequent
positioning runs, is slightly offset from the reference point of the homing run. This offset
is stated under Offset start position. At first, this offset value leads to a shift of the actual
position. To ensure that the drive actually moves to this position, Go to zero position
after homing (see above) must be activated.

 Actual position of multi-turn encoders
In the case of multi-turn encoders, the current actual position is preserved even if the
supply voltage is switched off, provided that the multi-turn range is not exceeded.
However, it is useful to shift this position, e.g. when setting up the machine.

The firmware includes an offset parameter for this case. It can be stored in the internal
parameter set of the encoder. The offset parameter can be redetermined by way of a
homing run and then stored in the encoder parameter set.

6.1.12 Parameterisation of the homing run: motion profile

Figure 45: "Homing position" window - "Driving profile" tab

Here, you can enter speed and acceleration values as well as jerk-free parameters for
the following processes:

l Search
Movement of the drive until it reaches the target (limit / reference switch, stop)

l Crawl
Reversal of the movement (at low speed) to determine the contact threshold

l Running
Optional movement to the zero point (reference point) of the application
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6.1.13 Tab: Index pulse control
Index pulse control (index pulse monitoring) is important if a target other than "index
pulse" has been selected and the reference point is an "index pulse". If the target is
located very close to the index pulse, slight changes in the mechanical system may
cause a point slightly "before" or "after" the original index pulse to be used as the
reference point (or home position) during the next homing run. The index pulse control
(index pulse monitoring) function is used to indicate the distance between the target and
the index pulse. The following window will be displayed:

Figure 46: "Homing position" window - "Index pulse control" tab

You can indicate the current distance between the target and index pulse. In addition,
you can configure a threshold. If the actual value falls below this threshold, a warning will
be issued. 100% corresponds to one revolution.
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6.2.2 Destination parameters: general buttons

Parameters/Positioning/Destination parameters

Figure 50: "Destination parameters" window - "Settings" tab

The button Positioning settings can be used to change the general positioning settings
(e.g. the position limits) (see section 6.2.1 Global positioning settings on page 82).
The button GO! can be used to start a positioning run with the position set that is
currently displayed.
The button Copy can be used to copy all of the settings for a specific target position to
another target position. The following window will be displayed:

Figure 51: "Copy parameters of positions" window

You can copy a source position to a single target position. To do so, enter data into the
two upper fields. If you want to copy a position to several positions, activate the
checkbox Range to.... Then, enter the last target position into the third field.
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6.2.3 Destination parameters: Settings tab

Parameters/Positioning/Destination parameters

The target positions are parameterised in the menu stated hereinabove. The window
below will be displayed. It includes the tab Settings:

Figure 52: "Destination parameters" window - "Settings" tab

You can select the target position to be parameterised in the field on the left.
The field Start during positioning run defines the behaviour of the servo drive if the start
command for a new target position is issued during a running positioning run. It has the
following options:

l Ignore start command: The positioning command for the new position cannot be
selected or started until the current positioning run is completed.

l First go to old target: The current positioning run will be completed before the new
positioning process is started. The next positioning run can be selected prior to
the running positioning run. The new positioning run will be started automatically
when the current positioning run is completed. If a relative positioning run is
started, the reference position for "relative" usually is the last target position.

l Immediately go to new target: The current positioning run will be interrupted, and
the new position will be approached immediately. In the case of a "relative"
positioning run, the reference position for the calculation of the new target
position is the current position setpoint. However, in general, this is not a
reasonable combination. In the case of the option Relative to last destination, on
the other hand, the reference position is the (old) target position of the positioning
run that has just been interrupted.
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6.2.4 Destination parameters: Driving profile tab

Parameters/Positioning/Destination parameters

Figure 53: "Destination parameters" window - "Driving profile" tab

You can enter the target position into the field Destination. You can state whether the
specified target should be interpreted as an absolute value (referred to the reference
point) or as a relative value. Relative refers to the current position setpoint, e.g. during a
running positioning run. The option Relative to last destination, on the other hand,
calculates the new position based on the target position that has been or will be
reached. The permissible Positioning range (Input limits) is set together for all position
sets, see section 6.2.1 Global positioning settings on page 82.
During a positioning run, the required acceleration can be optionally smoothed by way of
a filter. This leads to a jerk-limited or jerk-free positioning run. The associated filter time
can be defined in the field Jerk-free positioning. The acceleration or deceleration
process will be extended by this period of time. The total duration of the positioning run
will also be extended by this filter time. If the jerk-free time exceeds the acceleration or
deceleration time, it may not be possible to reach the specified speed.
The field Speed can be used to specify the speed for approaching the target. The Final
speed is the speed of the drive upon reaching the target. In most cases, it is zero.
A Final speed unequal zero is used to string two positioning runs together without
decelerating the drive to zero. In this case, the Final speed of the first set is set to the
Speed of the second set.
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The illustration below shows a motion profile with 2 sets (P1 and P2). In the picture on
the left, the drive decelerates to zero before the second positioning run is started. In the
picture on the right, the final speed of the first set has been set to the profile speed v2 of
the second set. As a result, the drive will not be decelerated to zero between the
positioning runs.

Figure 54: Positioning: motion profile

The fields Acceleration and Deceleration can be used to configure the acceleration and
deceleration values for the drive.
The area Times shows the resulting time values.

6.2.5 Destination parameters: Experts tab

Parameters/Positioning/Destination parameters

Figure 55: "Destination parameters" window - "Experts" tab

The list Destination is acquired... can be used to specify the source of the target position
for the current positioning run:

l From the positioning set
This is the default setting. The position specified on the Driving profile tab will be
used as the target position.

l From analogue input AIN
The current value of the analogue input will be converted into a target position.
See also the menu Analogue inputs.
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7   Additional settings

7.4 Parameter sets
The method for saving changed settings in the servo drive has already been explained
in section 4.4.14 Permanent storage of the parameters on page 59. In addition, the
method for saving the settings as a parameter file (DCO file) has also been briefly
presented.
This section provides a detailed description of how you can save changed parameters,
how you can transfer them to other servo drives and how you can reset them to the
factory settings.
All of the functionalities of a parameter set are listed under File/Parameter set.
Metronix ServoCommander® can be used as an online parameterisation program.
However, it can also be used offline. In this case, changes will not be transferred to the
servo drive. Instead, only a parameter set file (DCO file) will be changed.

7.4.1 Online parameterisation: Overview

File/Parameter set/Save parameter set (FLASH)

The following illustration shows all of the setting options of the servo drive, i.e. the
parameter set management system:

Figure 80: Parameter set management with Metronix ServoCommander®

The current parameter set of the servo drive is stored in the RAM. The RAM will be
erased when the power supply is switched off. To save the parameter set in a non-
volatile manner, it can be copied into the EEPROM (flash) by clicking the symbol shown
above or by selecting the corresponding menu item. The EEPROM retains its contents
even if the power supply is switched off.
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Every time the servo drive is switched on, the content of the EEPROMwill be copied into
the RAM. A restart of the servo drive can be triggered by the following:

l Deactivation and reactivation of the 24 V power supply
l Activation of the menu File/Reset servo
l Click the RESET button on the menu bar

Every servo drive still has its default parameter set (factory settings). This parameter set
is stored in the firmware in a non-volatile manner and cannot be overwritten. If a
parameterisation is not successful for some reason, the default parameter set can be
loaded to reset all of the parameters to the default values. To activate the default
parameter set, select File/Parameter set/Load default servo parameter set. The
application parameter set will be replaced with the default parameter set and the servo
drive will be restarted.

7.4.2 Loading and saving parameter sets
Parameter sets can also be stored and managed externally (i.e. on a hard drive etc.). To
this end, the parameter set is read out of the servo drive and stored in a file or it is read
out of a file and stored in the servo drive.
Parameter files on the PC have the extension DCO. This is why parameter files are often
referred to as DCO files. DCO files can be read or saved in Metronix ServoCommander®
as follows:

l Reading a DCO file
File/Parameter set/Load into servo drive

l Writing a DCO file
File/Parameter set/Save as file

Please note that when you save a parameter set to a file, you can fill in the fields Motor
type and Description. In addition, you can enter a comment of up to 100 lines by way of
the Comment tab. We highly recommend providing descriptions to prevent a mix-up of
the parameter sets. The name of the parameter set should also be selected carefully so
that it can found easily later on.

 Handling of the parameter sets
The following should be taken into consideration when handling the parameter sets:

l The default parameter set should be loaded if a parameterised servo drive is to
be adapted to a new application or if parameter changes have led to an
undefined behaviour.

l Online changes of the parameters in the RAM of the servo drive can be
overwritten with the most recent settings in the EEPROMwhen a reset of the
servo drive is performed. As a result, you can perform quick tests (e.g. changed
controller gains) without affecting the actual configuration in the EEPROM.

l Once a satisfactory setting of the servo drive is reached, the parameter set
should be stored in the EEPROM.
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7.4.3 Offline parameterisation:
The illustration below shows the offline parameterisation principle:

Figure 81: Offline parameterisation with Metronix ServoCommander®

 Displaying the parameterisation
Usually, the offline parameterisation function is used for displaying the parameters of
DCO files. The modification of parameters is useful only in individual, specific cases
since stability and functionality tests are not possible by simply loading a parameter set
into the servo drive.

Values that are changed in Metronix ServoCommander® will not be transferred online.
Instead, they will be saved in a DCO file. To activate the offline parameterisation, click
Options/Communication/Offline parameterisation. Specify the DCO file that you would
like to open. Select a corresponding file.
The DCO file has been created for a specific type of servo drive. If you want to use it for
another type, select the new type now.

 Risk of irreparable damage due to incorrect settings
If you use a DCO file for another device type, the servo drive/motor may be destroyed.
Therefore, it is important to check the following settings: nominal current, maximum
current, angle encoder offset, phase sequence, number of poles, current controller
and speed controller.
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7.5 Angle encoder settings

Parameters/Device parameters/Angle encoder/Settings...

This section provides details about the various options of the encoder interface. It
describes the manual configuration of the angle encoders connected to [X1] and [X2]/
[X6].

7.5.1 "Commutating-encoder" tab

Figure 82: "Angle encoder settings" window - "Commutating-generator" tab

The Offset of encoder is the angle difference between the electrical and mechanical
position that results from the installation position of the angle encoder on the motor
shaft. In general, the angle encoder offset is determined automatically.
The phase sequence indicates the way of counting ("direction of rotation") of the angle
encoders and depends on the wiring. The correct setting of the phase sequence is
essential for the operation of the system. The phase sequence is also determined during
the automatic determination of the angle encoder offset.
The automatic identification can be started with the button Auto detect. Ensure that the
current limits have been set correctly and that the servo drive is free from errors. In
addition, the shaft must move freely. The automatic identification process determines
the following parameters:

l Number of pairs of poles
l Direction of rotation of the angle encoder/phase sequence
l Angle encoder offset
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7.5.2 „Resolver“ tab

Figure 83: „Angle encoder settings“ window - „Resolver“ tab

This tab is used for the parameterisation of a resolver or an encoder with analogue Hall
sensors. In the drop-down menu Mode, specify whether a resolver or an analogue Hall
sensor is connected to [X2].
Single- and multi-pole resolvers are supported. For special applications, additional
adaptations can be realised based on a gear factor to convert the angle into the actual
position. In general, this is not necessary in the case of common motor/resolver
combinations.
If the checkbox active is ticked, the firmware will analyse the encoder information
provided via this connection. The checkbox must be ticked if the angle encoder is used
for commutation and/or for determining position or speed values.
The default setting for the Gear factor is 1:1. These settings apply only to a gear factor
between angle encoder and motor. If you want to parameterise an application with a
gear unit, specify this gear factor under Display units to get parameters in the units of the
driven side (output).
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7.5.3.1 General settings

Figure 85: „Angle encoder settings“ window - „Encoder“ tab - "Settings"

The following settings are available for all types of encoders:

Encoder type
This setting is used to define the encoder type. The encoder types and their parameters
are described in detail in the following sections.

Power supply

 Risk of destruction due to excessive voltage
If the voltage is too high, the angle encoder may be destroyed. Ensure that you have
selected the correct supply voltage prior to connecting the encoder to the [X2]
connector.

Please state whether the angle encoder is supplied with 5 V or 10 V. You can find this
information on the data sheet. In general, HIPERFACE® encoders are supplied with 7 V
to
12 V. Heidenhain encoders are supplied with 5 V. In the case of long cables, sense
leads must be used.
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7.5.3.2 Digital incremental encoders

Figure 86: "Angle encoder settings" window - „Encoder“ tab - „Settings“ - „Encoder type:
Digital“

Encoder type
Select Digital if you want to use a digital incremental encoder.

Options
l Encoder with AB track
The AB track provides incremental (square) track signals. This option must be
selected if you want to use a digital incremental encoder. It can be deselected if
your encoder only has Hall signals. In this case, the option Encoder with Hall
signals must be selected.

l Encoder with index track
Usually, there is one index pulse during every revolution of a digital incremental
encoder. The index track ensures consistent precision in the case of incremental
encoder systems. If counting errors occur due to external interferences, they are
corrected when the index pulse occurs. Information as to whether the angle
encoder has such a pulse can be found on the data sheet of the angle encoder. If
an index track is included and connected, the index pulse function can be
suppressed by deselecting this checkbox.

 Risk of injury due to uncontrolled drive movements
The servo drive corrects the actual position if the index pulse is activated. In the case
of encoders with unsymmetrical index pulses, this may cause the drive to overspeed.
This is why, if in doubt, the index pulse evaluation should be deactivated. Usually,
linear motors do not include cyclic index pulses. However, there may be a single index
pulse that can be used for homing.

l Encoder with Hall signals
Hall signals can be used for an initial determination of the commutation position if

Product manual BL 4000-D and BL 4000-M Page 130 of 305





7   Additional settings

7.5.3.3 Analogue incremental encoders

Figure 87: „Angle encoder settings“" window - „Encoder“ tab - „Settings“ - „Encoder type:
Analogue“

Encoder type
Select Analogue if you want to use an analogue incremental encoder.

Options
l Encoder with Z0 track
The Z0 track (according to the Heidenhain terminology) is a term used for the
actual, high-resolution analogue track signals. Other angle encoder
manufacturers use the terms sine_0 and cosine_0 track or A and B track instead
of the term Z0 track. The line count value (periods/revolution) is also based on the
Z0 track. Information about the Z0 track can be found on the data sheet of the
angle encoder.

l Encoder with Z1 track
The Z1 track is the commutation track of an analogue incremental encoder. It
consists of two signal pairs that enable a clear angle determination referred to 1
revolution. This method is used for determining the commutation position after a
reset. Some encoder manufacturers use the terms sine_1 and cosine_1 track or
C and D track instead of the term Z1 track. Information about the Z1 track can be
found on the data sheet of the angle encoder. If there is no commutation track,
the automatic commutation position determination function must be activated
(see section 7.6.3.2 Determining the commutation position in the case of linear
motors on page 146).
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Encoders with reference pulse
The reference pulse of an analogue incremental encoder corresponds to the index pulse
of a digital incremental encoder. Information as to whether the angle encoder has such a
pulse can be found on the data sheet of the angle encoder.

 Risk of injury due to uncontrolled drive movements
The servo drive corrects the actual position if the index pulse is activated. In the case
of encoders with unsymmetrical index pulses, this may cause the drive to overspeed.
This is why, if in doubt, the index pulse evaluation should be deactivated. Usually,
linear motors do not include cyclic index pulses. However, there may be a single index
pulse that can be used for homing.

7.5.3.4 Serial: EnDat 2.2
Heidenhain encoders with an EnDat 2.2 interface (ordering code ENDAT22) have a
serial communication channel via which the servo drive can communicate with the
encoder. This channel is used for the purely digital transfer of the position value from the
encoder. In addition, it is possible to access the type plate of the encoder to read out
certain characteristics such as the line count, for example. As a result, the line count
does not need to be parameterised in the case of EnDat 2.2 encoders.
The EEPROM, which is often included in this type of encoder, can be used for saving
and loading parameters in the encoder (see section 7.5.3.8 Storing parameters in the
encoder on page 138).

Figure 88: „Angle encoder settings” window – „Encoder“ tab - „Encoder type: Serial:
EnDat 2.2”

Encoder type
To use this type of encoder, Serial: EnDat 2.2 must be selected.
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7.5.3.5 Serial: HIPERFACE
Sick-Stegmann encoders with a HIPERFACE® interface have a serial communication
channel via which the servo drive can communicate with the encoder. It is used, for
example, to determine the commutation position. In addition, it is possible to access the
type plate of the encoder to read out certain characteristics such as the line count, for
example. As a result, the line count does not need to be parameterised in the case of
HIPERFACE® encoders.
The EEPROM, which is often included in this type of encoder, can be used for saving
and loading parameters in the encoder (see section 7.5.3.8 Storing parameters in the
encoder on page 138).

Figure 89: „Angle encoder settings” window – „Encoder“ tab - „Settings - Encoder type:
Serial: HIPERFACE“

Encoder type
To use this type of encoder, Serial: HIPERFACEmust be selected.
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7.5.3.6 Serial: HIPERFACE DSL
Sick-Stegmann encoders with a HIPERFACE DSL® interface have a serial
communication channel via which the servo drive can communicate with the encoder. In
the case of HIPERFACE DSL®, data are transferred via conductors that are integrated
in the motor cable. As a result, a separate encoder cable is not required. The serial
channel is used for the purely digital transfer of the position values from the encoder. In
addition, it is possible to access the type plate of the encoder to read out certain
characteristics such as the line count, for example. As a result, the line count does not
need to be parameterised in the case of HIPERFACE DSL® encoders.

Figure 90: Angle encoder settings” window - “Encoder“ tab - "Settings" - “Encoder type:
Serial: HIPERFACE DSL”

Encoder type
To use this type of encoder, Serial: HIPERFACE DSL must be selected.
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7.5.3.7 Serial: BiSS
The BiSS interface is a non-proprietary, serial real-time interface. The support of BiSS
encoders includes the following functions:

l Support of BiSS C
l Support of typical encoders made by Hengstler, Kübler and Balluff
l Mapping of a BiSS absolute encoder to variable pole lengths of a linear motor
l Support of frame lengths with absolute position information of 32 bits maximum in
a 40-bit frame

l Generator polynomial 0x43 (6 bits)

Balluff encoders have a parallel analogue track. This track will not be evaluated in
parallel to the BiSS encoder. The encoder can be connected either as an analogue
encoder or as a BiSS encoder. Data storage in the encoder and the read-out of type
plates are not supported.

Figure 91: „Angle encoder settings” window – „Encoder“ tab – „Settings” – „Encoder
type: Serial: BiSS”

Encoder type
To use this type of encoder, Serial: BiSS must be selected.

Product manual BL 4000-D and BL 4000-M Page 136 of 305





7   Additional settings

7.5.3.8 Storing parameters in the encoder
If the angle encoder connected to [X2] has an EEPROM, the parameters can be stored
in the encoder. This is particularly useful for parameters that refer to the characteristics
of the motor (nominal and maximum current) or to the motor/encoder combination
(phase sequence, offset angle). If the motor is connected to a different servo drive,
these parameters will be loaded by the servo drive and the motor can be used directly
without any additional parameterisation.
The following parameters are stored in the encoder:

l Number of pole pairs, phase sequence and angle encoder offset
l Nominal and maximum current and the current control settings
l Lateral displacement parameters concerning the actual position (e.g. after
homing)

l Gear factor for the angle encoder

Figure 92: „Angle encoder settings“ window - „Encoder“ tab - „Parameter set
management“

Status
Encoder initialised
This LED lights up when the initialisation of the encoder is complete. The time required
for the initialisation varies depending on the encoder. It is only when the encoder
initialisation is complete that further information about the encoder and certain actions
become possible.
This is why the following status LEDs are not valid until the encoder initialisation is
complete.
Encoder EEPROM exists
This LED indicates that the connected encoder has an EEPROM.
Parameter set exists
This LED indicates that an encoder parameter set is stored in the EEPROM of the
connected encoder. However, this parameter set may not be loaded.
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7.6 Parameterisation of the motor and output
stage

7.6.1 Methods for analysing motor problems
In most cases, motor problems are indicated by noise and poor concentricity. In a first
step, the internal oscilloscope should be used to analyse the current ripple, for example
at 100 rpm. A little ripple caused by unbalance must always be expected due to the
design of the motor (10-20%). Good motors with a sinusoidal EMF show hardly any
visible current ripple at all.
Insidious winding defects can be detected by way of the following methods:

l Measure the ohmic resistance and inductance of the armature winding. To do so,
simply disconnect the motor connector from the servo drive and connect the
measuring instrument to the cable at the motor side. The values should be nearly
identical (max. difference 10%). If the resistance values differ strongly from one
another, the winding is damaged, and the motor must be replaced. The design
and rating of the drive must also be verified.

l A so-called coast-down test can be performed to see whether the EMF (induced
voltage of the 3 phases) is sinusoidal and symmetric. To do so, connect an
external oscilloscope with differential voltage probes to the motor phases.
Accelerate the drive to approx. 3,000 rpm, and then switch the power section to
passive, e.g. by activating the STO function or by switching off the mains power
supply. As a result, the motor supplies an induced voltage (oscilloscope) that
should match the specifications on the data sheet. It must be identical for all of
the phases.

For an optimum configuration and adaptation of the control system to the mass that
needs to be moved, a high force/mass ratio would be beneficial. As this ratio is not ideal
in the case of so-called direct drives, the control quickly becomes instable.
Direct drives (examples):

l A torque motor without a transmission connected to a heavy, large-diameter
rotary table.

l Amotor shaft that is directly coupled to a load with a high mass. A gear on a
motor shaft that engages with a toothed rack to move a large slide.

When adapting the control system in such a case, the following is recommended:

l Use an encoder with a high resolution.
l Increase the gain of the speed controller up to the oscillation limit.
l Decrease the gain and correction speed of the position controller.
l Decrease the acceleration values of the position set.
l Activate and adapt the torque feedforward of the position set.
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In the case of purely serial evaluation (only EnDat 2.2), the measuring increment of the
serial position information, i.e. the distance corresponding to one bit, must be used
instead of the signal period.
Usually, purely incremental encoders that are used in linear motors do not have an index
pulse that matches the commutation!

 Risk of injury due to uncontrolled overspeed
The index pulse evaluation on the angle encoder „Encoder“ tab must be deselected in
the case of linear motors because the commutation position will be adapted if an index
pulse occurs that does not match the pole pair length precisely.

In this case, the drive may overspeed.

The index pulse connector at [X2] can be used for the evaluation of a reference pulse for
determining the reference position.
In the case of absolute length measuring systems (e.g. LC 483 by Heidenhain), the
offset angle of the commutation encoder must be determined and saved once.

7.6.3.2 Determining the commutation position in the case of linear
motors
In the case of linear motors with angle encoders without commutation signals, the
method for the automatic determination of the commutation position must be applied.
This can be specified in the window Parameters/Application parameters/General
configuration on the Extension tab:

Figure 95: "General configuration" window

 Motor overspeed protection
The setting of the displayed parameter Motor overspeed protection for the
commutation detection procedure is not identical to the setting of the motor overspeed
protection, which can be accessed via the menu Parameters/Safety parameters.
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7.6.4 Manual optimisation of the controllers

7.6.4.1 Motor requirements
A servo drive used for controlling a motor consists of a DC bus that is supplied by way of
the mains power supply (via a rectifier). The DC bus, in turn, supplies an inverter. This
inverter uses switching transistors (e.g. insulated gate bipolar transistors, IGBTs) to
generate a pulse-width-modulated (PMW) voltage. The mean of this voltage is the
sinusoidal voltage of the desired frequency and amplitude. The current ripple, which is
usually present, is smoothed by the inductance of the motor.

Insufficient armature inductance
Some applications are subject to increased current ripple. These current harmonics are
superimposed on the base current. In the case of insufficient armature inductance (e.g.
< 0.2 mH), these currents lead to losses in the armature winding and to eddy-current
losses in the stator iron core.
In the case of highly dynamic applications (e.g. linear drives), so-called position noise is
generated if encoders with poor resolution are used.
Ignoring these current harmonics may lead to damage to the winding. In such a
situation, even standard operation with rated current may cause a dangerous overload
of the electric motor.
This is why the PWM switching frequency of the servo drive should be increased (e.g. by
selecting a faster current controller cycle time ti or by deactivating the option Half power
stage frequency) during the parameterisation process. For a thorough analysis, the
motor should be used at a standstill for a longer period of time to be able to analyse the
temperature rise.

Excessive armature resistance
Often, rather thin enamelled wires (usually grade 1) are used. However, in cheap
motors, the minimum breakdown voltage (between the wires of the winding, not with
regard to the housing) of these grade 1 enamelled wires is considerably lower than that
of grade 2 enamelled wires. In this case, high voltage peaks damage the motor, thereby
leading to local bridges in the winding package.
Often, motors with a relatively high ohmic armature resistance (> 10 Ω) are used. In this
case, too, rather thin wires are used in order to realise high inductance and, thereby,
high torque. The high DC resistance is a problematic factor as it can also cause losses in
the armature. In addition, the dynamic response of the current controller circuit
decreases as the rise time of the current controller is considerably delayed.
To improve the dynamic response, we recommend a temporary increase of the DC bus
voltage via a series transformer, the manual parameterisation of the current and speed
control settings and the use of the current feedforward control taken from the position
set.

Measures
Current peaks and, thereby, harmonics can be reduced by way of suitable measures.
The primary measure would be to increase the clock frequency. However, the clock
frequency cannot be increased to an unlimited extent as it is accompanied by higher
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7.14 Control circuit cycle times
 Risk of irreparable damage due to incorrect settings

Only experienced users should change the configuration. Incorrect settings can cause
the drive to oscillate, thereby destroying the motor.

Use the menu Parameters/Controller parameters/Cycle times to change the cycle times
of the internal control circuits, e.g. of the current control circuit. The following window will
be displayed:

Figure 116: "Cycle times" window - "Setpoints" tab

To open the Setpoints tab, click the Settings button.
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7.15 Band-stop filters
Some applications are prone to oscillations due to their design. These oscillations are
further promoted by hard settings of the control circuits. Band-stop filters are used to
eliminate these frequencies from the closed control circuit in a targeted manner. This
leads to shorter process cycle times as the gain in the speed control circuit can be set to
a higher value.
The notch frequency (stop frequency) and bandwidth for up to 4 band-stop filters can be
viewed and changed in the menu Parameters/Controller parameters/Notch filter.

 Risk of irreparable damage due to incorrect settings
Only experienced users should change the configuration. Incorrect settings can cause
the drive to oscillate, thereby destroying the motor.

Band-stop filters are used to suppress resonant frequencies.

Figure 117: "Notch filter" window

Enter the centre frequency of the band-pass filter (highest dampening level) into the
Notch frequency fields. The Bandwidth fields are used to specify the frequency range in
which the damping is below -3dB. The individual band-stop filters can be activated by
way of the active checkboxes. Do not activate a band-stop filter unless this is really
required by the application.

 Risk of unstable control circuits
In the case of a drive without the corresponding resonant frequencies, the activation of
a band-stop filter may lead to control circuit instability.
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7.16 Motor temperature monitoring system
The menu Parameters/Device parameters/Temperature monitoring can be used to
configure the motor temperature sensors. The selection of standard temperature
sensors has already been described in section 4.4.6 Motor temperature monitoring on
page 50. The following section explains the configuration of a single sensor.
Temperature sensors can be connected via different connectors that are internally
connected to the same analogue evaluation system (BL 4100-C: [X2A], [X2B], [X6],
BL 4000-M / BL 4000-D: [X2], [X6]). This is why it is not possible to connect more than
one sensor at a time.

 Dangerous electrical voltage!
The signals for the temperature sensor "MT-" and "MT+" at the motor connector [X6]
must be connected to protective extra-low voltage (PELV) on the motor side and they
must be insulated against the motor phases.

7.16.1 Parameterising the characteristic (linear/non-linear
sensor)
If your motor temperature sensor has a linear characteristic, select Generic type (linear).

Clicking the button opens a detail window in which two data points of the
characteristic (Motor resistance at 25°C or Motor resistance at 100°C) can be specified.

Figure 118: Temperature characteristic - linear sensor

If your motor temperature sensor has a non-linear characteristic, select Generic type
(non-linear).
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Clicking the botton opens a detail window in which ten data points of the
characteristic can be specified. You can specify the relationship between the individual
resistance values and temperature values.

Figure 119: Temperature characteristic - non-linear sensor

7.16.2 Temperature limits and monitoring functions
The value stated for Overtemperature motor defines the temperature at which error 03-0
will be issued. The value stated for Warning threshold motor temperature indicates the
temperature at which error 18-0 will be issued. While in the case of error 03-0 the servo
drive will be disabled, error 18-0 can be parameterised as a warning.
In addition, the following monitoring functions can be activated and parameterised:
Short circuit monitoring field: Specify the resistance below which the system will detect a
short circuit of the sensor.
Wire break monitoring field: Specify the resistance above which the system will detect a
broken wire.
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8 STO (safe torque off)
The purpose of this chapter is to ensure the safe use of the STO (safe torque off) safety
function that is integrated in the servo drive.
This documentation refers to the following versions:

l smartServo BL 4100-M / BL 4100-D with the STO function, revision 1.0 or higher
l smartServo BL 4800-M / BL 4800-D with the STO function, revision 1.0 or higher
l Metronix ServoCommander® parameterisation program version 5.0.0.1.1 or
higher.

8.1 Special safety instructions
 Dangerous electrical voltage!

Always follow the safety instructions for electric drives and control systems in section 2
For your own safety on page 13.

 Hazards due to the loss of the safety function
If you do not comply with the specified ambient and connection conditions, the safety
function will be lost. This may lead to injuries in the worst case.

Always comply with the specified ambient and connection conditions. This applies
particularly to the input voltage tolerances. See section 12.4 24 V supply and STO [X3]
on page 241

8.2 Certification/safety level
A servo drive of the BL 4000-M / BL 4000-D series with an integrated safety function is a
safety device in accordance with the ECMachinery Directive 2006/42/EC and it bears
the CE mark. Information about the product-relevant EC Directives can be found in the
declaration of conformity in section 15.2 CE conformity (Machinery Directive) on page
263.
The achievable safety level depends on the other components that are used to
implement a safety function. This has been certified by an independent testing authority.
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8.3 Requirements for using the product
Make this documentation available to the design engineer, installation technician and
personnel responsible for commissioning the machine or system in which this product is
used.
Ensure that the specifications of the documentation are always complied with. Also take
into account the documentation for the other components (e.g. safety relays, cables,
etc.).
Take into consideration the legal regulations applicable at the installation site as well as:

l regulations and standards
l regulations of the testing organisations and insurers
l national specifications
l all of the safety instructions in section 2 For your own safety on page 13
l the special safety instructions in section 8.1 Special safety instructions on page
181

For emergency stop applications, protection against automatic restarting must be
provided in accordance with the required safety category. This can be realised, for
example, by way of an external safety relay.

8.3.1 Qualification of the specialist personnel (personnel
requirements)
The device may only be set into operation by a qualified electrical technician who is
familiar with:

l the installation and operation of electrical control systems
l the applicable regulations for operating safety-oriented systems
l the applicable regulations for accident protection and industrial safety
l the documentation for the product.

8.3.2 Diagnostic coverage (DC)
The diagnostic coverage depends on the integration of the safety functions, which are
integrated in the servo drive, into the overall system and on the implemented diagnostic
measures.
If a malfunction is detected during the diagnosis process, appropriate measures must be
taken to maintain the safety level.

 Cross-circuit detection
Check whether your application requires a cross-circuit detection of the input circuit
and of the connecting wiring. If necessary, use a safety relay with cross-circuit
detection for actuating the safety function.
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8.4 Purpose
As processes become increasingly automated, protecting persons against potentially
hazardous movements is continuously gaining in importance. Functional safety
describes the necessary measures in the form of electrical or electronic devices for the
reduction or elimination of hazards caused by malfunctions. Under normal operating
conditions, protective devices and guards prevent human access to danger areas.
However, in certain operating modes, e.g. during set-up, persons are required to be
present in these danger areas. In these situations, the machine operator must be
protected by way of drive- and control-system-related measures.
The integrated functional safety technology provides the control-system- and drive-
specific conditions for the optimal realisation of protective functions. As a result,
planning and installation become less labour-intensive. The use of integrated functional
safety technology leads to an enhanced machine functionality and availability compared
to the levels achieved by conventional safety technology.
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8.5 Principle of operation and use
The STO function includes the feature "Realisation of the "Safe Torque Off" (STO)
function".
The "Safe Stop 1" (SS1) function can be realised with a suitable external safety relay
and by suitable wiring of the servo drive.

8.5.1 Description of the STO safety function
Use the "Safe Torque Off" (STO) function if you need to disconnect the motor safely
from the energy supply for your application. The "Safe Torque Off" function switches off
the driver supply for the power semiconductors. This prevents the power output stage
from providing the voltage that is required by the motor. As a result, the motor cannot
start unexpectedly. See the following illustration.

Figure 120: "Safe Torque Off" - principle of operation

When the "Safe Torque Off" (STO) function is active, the energy supply to the drive is
interrupted in a safe manner. The drive can neither generate any torque nor any
dangerous movements. In the case of suspended loads or other external forces,
additional measures must be taken in order to prevent the load from sagging (e.g.
mechanical holding brakes). In the "Safe Torque Off" (STO) state, the standstill position
will not be monitored.

 Risk of a jerky movement of the drive in the case of multiple errors
If the output stage of the servo drive fails while in the STO state (simultaneous short
circuit of 2 power semiconductors in different phases), a limited dwell movement of the
rotor may result. The angle of rotation/distance corresponds to one pole pitch.
Examples:

l Rotary axis, synchronous machine, 8 poles
èmovement < 45° of the motor shaft.

l Linear motor, pole pitch 20 mm
èmovement < 20 mm of the moved part.
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8.5.2 Overview of the [X3] interface

Figure 121: Position of connector X3 for the different device variants

The servo drive has an 8-pin connector [X3] for

l the STO control inputs,
l the 24V supply and
l the digital inputs DIN 6 and DIN 7

The STO safety function is requested exclusively via the two digital control inputs STOA
and STOB. The safety-oriented integration of additional interfaces is not
necessary/intended.
The servo drive does not monitor the input circuit for cross-circuit faults.

8.5.3 Control inputs STOA, GNDA/STOB, GNDB [X3]
The control inputs STOA and STOB are used for requesting the STO safety function
("Safe Torque Off") via two channels. They enable the direct connection of safe
semiconductor outputs (electronic safety relays, active safety sensors, e.g. light grid
with OSSD signals) and of switching contacts (safety relays with relay outputs, passive
safety sensors, e.g. positively driven position switches). See, for example, section 11.5
Connector : 24 V supply and STO [X3] on page 209.
To request the STO safety function ("Safe Torque Off"), the 24 V control voltage is
switched off at both control inputs STOA and STOB (0 V). If both control inputs are
switched off simultaneously or within a predefined discrepancy time, the STO function
becomes active.
The table in section 12.4.1 Electrical data of the STO function on page 241 includes the
technical data of the control inputs for the specified operating range of logic voltages.
Certain tolerance ranges have been defined for the input voltage range of the control
inputs STOA and STOB. The amount of energy that is stored in the components of the
STO circuit (e.g. capacitors) depends on this input voltage. During switching processes,
this energy must be charged or discharged. This results in specific values for the switch-
off time for the transition to the safe state (STO) and for the tolerance time with regard to
the OSSD signals (buffer time). These values depend on the input voltage.
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11 Electrical installation
This chapter provides all of the relevant information for the electrical installation of a
servo drive of the BL 4000-M / BL 4000-D series with an integrated "Safe Torque Off
(STO)" safety function.

11.1 Notes concerning the safe and EMC-
compliant installation

11.1.1 Explanations and terminology
Electromagnetic compatibility (EMC) or electromagnetic interference (EMI) includes the
following requirements:

l Sufficient immunity of an electrical installation or an electrical device against
external electrical, magnetic or electromagnetic interferences via cables or the
environment.

l Sufficiently small unwanted emission of electrical, magnetic or electromagnetic
interference from an electrical installation or an electrical device to other devices
in the vicinity via cables or the environment.

11.1.2 General information about electromagnetic
compatibility
The interference emission and interference immunity of a servo drive always depend on
the overall drive concept consisting of the following components:

l Power supply
l Servo drive
l Motor
l Electromechanical system
l Configuration and type of wiring
l Superordinate control system

In order to increase interference immunity and to decrease interference emissions, the
servo drive has numerous integrated filters so that BL 4800-M / BL 4800-D servo drives
can be operated in most applications completely without additional shielding and filtering
devices, and with BL 4100-M / BL 4100-D servo drives only an external mains filter
needs to be used.
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11.2 Additional requirements for the UL approval

Mains power supply protection
Integral solid state short circuit protection does not provide branch circuit protection.
Branch circuit protection must be provided in accordance with the Manufacturer
Instructions, National Electrical Code and any additional local codes.

l BL 4000-M / BL 4000-D:
For Use On A Circuit Capable Of Delivering Not More Than 5000rms
Symmetrical Amperes, 240V maximum andWhen Protected by Circuit Breaker
S201UP K16 manufactured by ABB, rated 277V/16A.

l BL 4800-M / BL 4800-D:
For use in Protective Class III circuits in which dc supply source meets following
criteria:

l DC source shall provide galvanic separation from mains voltage
l DC source voltage shall not exceed 48Vdc and be capable of delivering
not more than 1000Adc of prospective current and

l When products are protected by fuses or circuit breakers:
Fuse: BF1 142.5631.5702, Littelfuse
Circuit breaker: Listed S201UDC K20, ABB

Wiring requirements and environmental conditions
l For use in Pollution Degree 2 Environment only.
l BL 4000-M: Suitability of the controller when installed onto other motor series
[than those tested] shall be determined in end-use by subjecting the combination
to temperature rise test.

Motor overload protection
For effective motor protection, the motor parameters and the I²t-Integral must be
parameterised appropriately (see section 4.4.4 Configuration of the motor data on page
46).
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12 Technical data
This chapter provides all of the relevant technical data of the
BL 4000-M / BL 4000-D servo drives with an integrated "Safe Torque Off (STO)" safety
function.

12.1 General technical data

Qualification
Characteristic Value
Low Voltage Directive 2014/30/EU by applying the harmonised standard

EN 61800-5-1
See section 15.1 CE conformity (EMC, RoHS, Low
Voltage Directive) on page 261

EMC 2014/35/EU by applying the
harmonised standard EN 61800-3
See section 15.1 CE conformity (EMC, RoHS, Low
Voltage Directive) on page 261 and
section 11.1 Notes concerning the safe and EMC-
compliant installation on page 200

Machinery Directive/
Functional Safety

2006/42/EC
See section 15.2 CE conformity (Machinery
Directive) on page 263

UL Recognised according to UL 61800-5-1, C22.2 No.
274-13
See section 15.3 cURus certification on page 265
and section 11.2 Additional requirements for the UL
approval on page 203

Ambient conditions
Characteristic Value
Storage temperature -25°C to +70°C

Ambient temperature 0 °C to +30 °C (BL 4104-D: 0 °C to +40 °C)
up to +50°C with a power reduction of 2.5%/K

Permissible installation altitude Max. installation altitude 2,000 m above MSL;
with a power reduction of 1% per 100 m as of
1,000 m above MSL

Atmospheric humidity Relative humidity up to 90%, non-condensing

Type of enclosure IP54, depending on mounting type up to IP67

Protection class I

Pollution degree rating 2

Operational environment
according to EN 61800-3

Without additional measures:
First and second environment (C2/C3)
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15 Appendix

15.1 CE conformity (EMC, RoHS, Low Voltage
Directive)

BL 4100-M / BL 4100-D
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15.2 CE conformity (Machinery Directive)

BL 4000-M / BL 4000-D
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15.3 cURus certification

BL 4000-M / BL 4000-D
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