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Preface

Legal information

This documentation was produced with utmost care. The products and scope of functions de-
scribed are under continuous development. We reserve the right to revise and amend the docu-
mentation at any time and without prior notice.

No claims may be made for products which have already been delivered if such claims are based
on the specifications, figures and descriptions contained in this documentation.

Personnel qualifications

This description is solely intended for skilled technicians who were trained in control, automation
and drive systems and who are familiar with the applicable standards, the relevant documenta-
tion and the machining application.

It is absolutely vital to refer to this documentation, the instructions below and the explanations to
carry out installation and commissioning work. Skilled technicians are under the obligation to use
the documentation duly published for every installation and commissioning operation.

Skilled technicians must ensure that the application or use of the products described fulfil all
safety requirements including all applicable laws, regulations, provisions and standards.

Further information

Disclaimer

Links below (DE)
https://www.isg-stuttgart.de/produkte/softwareprodukte/isg-kernel/dokumente-und-downloads

or (EN)
https://www.isg-stuttgart.de/en/products/softwareproducts/isg-kernel/documents-and-downloads

contains further information on messages generated in the NC kernel, online help, PLC libraries,
tools, etc. in addition to the current documentation.

It is forbidden to make any changes to the software configuration which are not contained in the
options described in this documentation.

Trade marks and patents

Copyright

ISG®, ISG kernel®, ISG virtuos®, ISG dirigent®, TwinStore® and the associated logos are re-
gistered and licensed trade marks of ISG Industrielle Steuerungstechnik GmbH.

The use of other trade marks or logos contained in this documentation by third parties may result
in a violation of the rights of the respective trade mark owners.

© ISG Industrielle Steuerungstechnik GmbH, Stuttgart, Germany.

No parts of this document may be reproduced, transmitted or exploited in any form without prior
consent. Non-compliance may result in liability for damages. All rights reserved with regard to the
registration of patents, utility models or industrial designs.
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General and safety instructions

Icons used and their meanings

This documentation uses the following icons next to the safety instruction and the associated
text. Please read the (safety) instructions carefully and comply with them at all times.

Icons in explanatory text

> Indicates an action.
= Indicates an action statement.

Acute danger to life!

If you fail to comply with the safety instruction next to this icon, there is immediate danger to hu-
man life and health.

Personal injury and damage to machines!

If you fail to comply with the safety instruction next to this icon, it may result in personal injury or
damage to machines.

Attention

Restriction or error
This icon describes restrictions or warns of errors.

Tips and other notes

This icon indicates information to assist in general understanding or to provide additional informa-
tion.

General example
Example that clarifies the text.

Programing Example

NC programming example

Programming example (complete NC program or program sequence) of the described function or
NC command.

Release Note

Specific version information

Optional or restricted function. The availability of this function depends on the configuration and
the scope of the version.
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1 Overview
Task

Axis compensations rectify inaccuracies in tool guidance caused by mechanical errors such as
backlash, errors in spindle pitch or temperature fluctuations.

A distinction is made between 7 programming modes:
» Backlash compensation
» Temperature compensation
» Cross compensation
* Plane compensation
» Leadscrew error compensation
* Friction compensation
* Crosstalk compensation

Characteristics

In general, each axis compensation can be:
« activated for all axis types, and
* used with all drive types

The conditions required for their effectiveness are described in the related sections on compens-
ation types.

Parameterisation

Specific parameters must be configured for each axis compensation in order to activate them.
They are described for each compensation type in the section “Parameterisation”.

Programming

Axis compensations can be activated and deactivated in the NC program with the command
X[COMP...].

Mandatory note on references to other documents

For the sake of clarity, links to other documents and parameters are abbreviated, e.g. [PROG] for
the Programming Manual or P-AXIS-00001 for an axis parameter.

For technical reasons, these links only function in the Online Help (HTML5, CHM) but not in pdf
files since pdfs do not support cross-linking.

The friction compensation functionality is described in FCT-C25.
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2 Backlash compensation
2.1 Overview
Task

Backlash compensation has the purpose of compensating for the deviation between the real and
calculated actual position of an axis caused by mechanical backlash.

Effectiveness
Backlash compensation can be activated for all axis types.

The effect of backlash can be compensated for all drive types.

Parameterisation

With regard to backlash compensation,
» the type of mechanical backlash P-AXIS-00021
+ the amount of mechanical backlash P-AXIS-00103
» the distribution of mechanical backlash P-AXIS-00243

can be parameterised in the axis parameter record [AXIS].
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2.2 Description

Mechanical backlash

The play between the
+ the drive and a moving machine part or
* between a sensor and a moving machine part is referred to as mechanical backlash.

For a moving machine part, mechanical backlash results in a deviation between the commanded
position and the actual position. This especially has an effect when the direction of motion is re-
versed.

A distinction is made between the following kinds of mechanical backlash:
* Positive backlash
* Negative backlash

Positive backlash

Positive backlash occurs in systems in which
+ the measuring system is connected directly to the drive and
* the backlash occurs between the drive and the moving mechanical part.

When the direction of movement reverses, the measuring system will detect a position change al-
though the machine part is not yet moving due to the backlash.

This leads to a situation in which the machine part does not reach the commanded position, but
travels too short by the backlash amount because the sensor that indirectly measures the posi-
tion of the machine part is ahead of the machine part’s actual position.

Workpiece table

Backlash

Fig. 1: Positive backlash
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Negative backlash

Negative backlash is encountered in systems in which the backlash occurs between the moving
machine part and the measuring system. When the direction is reversed, the machine part dir-
ectly moves in the new direction without the measuring system detecting a position change.

In this case, the machine part moves further by the backlash amount than is required by the com-
mand because the sensor that directly measures the position of the machine part lags behind
the position of the machine part.

Workpiece table

Backlash

I Encoder I

Fig. 2: Negative backlash

Backlash compensation

The size of the backlash P-AXIS-00103 during on position control is taken into consideration de-
pending on the type of mechanical backlash P-AXIS-00021 and acts on the calculation of the
command variables.

The display of the absolute command position or actual position of the moving machine part does
not include the compensation values and therefore represents the position of an ideal machine.

Effectiveness

When backlash compensation is selected, it is active directly after controller start-up, regardless
of whether homing has taken place [FCT-M1//Description].

The algorithm compensates for the backlash in the 1st cycle of the path motion. A large backlash
can cause strong excitation in the machine. To prevent this, the backlash can be distributed over
several position control cycles P-AXIS-00243.
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Backlash compensation

2.3 Parameterisation
2.3.1 Overview
ID Parameter Description
P-AXIS-00021 anwahl_losekomp Selection and type of mechanical backlash
P-AX1S-00103 lose Size of mechanical backlash
P-AXIS-00243 n_backlash_cyc Distribution of mechanical backlash
2.3.2 Description
P-AXIS-00021 Selection of backlash compensation
Description The selection of backlash compensation is done using this parameter.
The type of backlash (the backlash between the table and the drive or the backlash between
the drive and the measuring system) depends on the mathematical sign of P-AXIS-00103
(getriebeli].lose).
Parameter Ir_param.anwahl_losekomp
Data type UNS16
Data range 0: No backlash compensation
1: Last axis motion occurred in pos. direction.
2: Last axis motion occurred in neg. direction.
Axis types T,R, S
Dimension T: -—--- R,S: ----
Default value 0
drive types. -—--
Remarks
P-AXIS-00103 Size of backlash
Description The parameter defines the size of backlash.
Parameter getriebeli].lose
Data type SGN16
Data range SGN16 range 0 < backlash: backlash betw. drive and slide
Axis types TR, S
Dimension T:0.1um R,S: 0.0001 °
Default value 0
drive types. -——-
Remarks

Axis compensations
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Backlash compensation

23.3 CNC objects
Name BC::actual backlash
Description Backlash compensation: current effective compensation offset
Task GEO (Port 551)
Index group 0x120300 Index offset 0x<A>0093
Data type SGN32 Length 4
Attributes read Unit [-]
Remarks
Name BC::conf. backlash
Description Backlash compensation: Size of backlash
This value is defined in P-AXIS-00103 [ 11].
Task GEO (Port 551)
Index group 0x120300 Index offset Ox<Ap>00AF
Data type SGN32 Length 4
Attributes read Unit [Incr.]
Remarks
Name BC::delta backlash
Description Backlash compensation: Change in compensation value in current cycle
Task GEO (Port 551)
Index group 0x120300 Index offset 0x<A>0095
Data type SGN32 Length 4
Attributes read Unit [-]
Remarks
Name BC::sum backlash
Description Backlash compensation: Compensation value at the current position without filter
Task GEO (Port 551)
Index group 0x120300 Index offset Ox<A;>0094
Data type SGN32 Length 4
Attributes read Unit [-]
Remarks

Axis compensations
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2.4 Error messages

Errors in the configuration of batch compensation result in deactivation of the function for the axis
affected and an error message (warning) is output:

P-ERR-110392

2.5 Parameterisation example

Excerpt from the axis parameter list

getriebe[0].lose 1000 #0,1 pm backlash
lr param.anwahl losekomp 1 #Positive direction
lr param. n backlash cyc 10 #Number of filter cycles
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Temperature compensation

3 Temperature compensation

3.1 Overview

Deformation and its effect

Temperature changes cause an expansion or contraction of machine parts.

Deformations cause offsets in the axis positions that are not detected by the machine's position
measuring system and lead to inaccuracies in the finished workpiece.

Deviation
A

Linear approximation
of error curve
Measured error curve
at temperature T

>
»

Axis position

o

Fig. 3: Temperature-dependent falsification of the axis position
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Compensation

Effectiveness

Temperature compensation provides a function to correct the command variable of the axis de-
pending on the current temperature and axis position.

The compensation values are determined according to the following equation:

As (T,s) = offsety(T) + coefficient(T) * [s-S,]

where:

s = current position of the axis

T = current reference temperature

S, = reference position of the axis

Offsety(T) = temperature-dependent deviation from reference position

Coefficient = temperature-dependent ratio of deviation to distance from reference position

Deviation
A

- |

Coefficient

Shift at reference position

>
T »

Reference position Axis position

o

Fig. 4: Parameter of temperature compensation for a temperature T

The temperature compensation is effective if:
« it was activated for the axis and
* the axis is homed.
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3.2 Parameterisation
Activate

Temperature compensation is activated in the axis machine data record [AXIS] of the required
axis using P-AXIS-00271:

kopf.achs nr 1
#

# temperature compensation on/off

lr param.temp comp 1

Compensation can also be activated using a write access to the CNC object via the GEO task:
TEMPC::is_active Index group = 0x120300, Index offset = 0x10041

Reference measurement

Before specifying the parameters of temperature compensation, a reference measurement must
first be carried out using an external position measuring system. It determines the deviations of
the axis positions between the internal and external measuring system at different temperatures.

Deviation
A
T3
T2
T1
Reference position /
‘ >
Shift Axis position
\ "Virtual" intersection of the
linear approximation

Fig. 5: Reference measurement at different temperatures
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Determine parameters

The parameters reference position, offset and coefficient can be taken from the measurement
curves. The values at a given temperature can be set later from the curves. Temperatures that
are not measured can be interpolated or extrapolated from the measured temperature curves.

If the virtual intersection of the approximated linear curves is chosen as the reference position,
the offset is independent of temperature. In this case, only the coefficient must be reset for differ-
ent temperatures.

Influence of temperature

The individual parameters can be set by the PLC depending on the current temperature. To do
this, a corresponding temperature signal (sensor) is transmitted to the PLC which then derives
the parameters from it.

Explicit activation in NC program

lr param.temp comp manual activation 0

* 0 (default): The CNC activates temperature compensation automatically as soon as the re-
quired preconditions are met (e.g. the axis is homed).

» 1: Temperature compensation must be activated manually in the NC program using the COMP
command (see Section “Selecting and deselecting axis compensations in the NC program
[ 107]").

Compensation is deselected:
+ at the end of the NC program
+ at CNC reset and
* on release of the axis.

Change parameters

Each of the parameters can be changed by downloading the axis list:

kopf.achs nr 1

#

# temperature compensation on/off

lr param.temp comp 1

# reference position

lr param.temp comp position 0 100 [0.1um]
# reference offset

lr param.temp comp offset O 40 [0.1lum]
lr param.temp comp coefficient 4000 [pm/m]

#
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Temperature compensation

In addition to the download option, there is also the option of writing and reading the parameters
via direct access to the GEO task via CNC objects. For example, the first axis can be addressed
via the following index group and index offset:

Fig. 6: Access to CNC objects of temperature compensation

Monitoring and coupling/decoupling

Eg I5G Object Browser — O x
(5 Target: ||0ca| ~ | | Search... || Export.. Update time: -: ms  Status pane & Load
GEO spAa  COM
""" Platform [ No Group Offset MName Type Size Uity Value ™
Bl.g?:xis D1 64 (120300 | 010041 | TEMPC:is_active BOOQLEAN 1 TRUE/FALSE | True
E----HLD 65 (120300 | (10042 | TEMPC::actual_offset SGN3Z 4 Incr 0
8 66 0120300 | 010043 | TEMPC:coefficient REALGd |8 - 4000
Auis 1D 2
+ Channels &7 (120300 | 010044 | TEMPC:offset_0 SGN32 4 0, 1pm 40
- Snindlas [ (120300 | 0x10045 | TEMPC:position_0 SGN32 4 0.7pm 100
< > w

The compensation values are recalculated for each interpolation cycle. If the change per cycle
exceeds the given maximum axis acceleration, this change can be output filtered over multiple

cycles.

For this the number of cycles of the sin? filter can be defined in the axis parameter list. By default,
this is set to one cycle.

kopf.achs nr 1

#

# Cycle of the sin?

filter

lr param.temp comp n cycles

20

Axis compensations
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=loix]

Datei EBearbeiten Ansicht  Scope  Hilfe

Dl s bR (&R | mr | QX

Em Scope
=& Scope View 1
i sollw_abs 1504
E dig cd pos A=
. B TEMPC: actual_offset 10.0-
350— 5.0
0.0+
300—
-5.0-]
250— -10.0-
-15.04
= =
3 200- =
-20.0
50— 250
-30.04
= aEpd
-40.0-
a0—
-45.0 L
0—  -s00-] o =
K| d ;I_I
| | |
33.450 33.500 33.550
| |2
For Help, press F1 S

Fig. 7: Deactivating compensation values with a sin? filter over 20 cycles by deactivating
temperature compensation temporarily

Display the compensation

In addition to the download option, there is also the option of writing and reading the parameters
via direct access to the CNC objects of the GEO task. For example, the 1st axis can be ad-
dressed using the following index group and index offset:

TEMPC::is_active Index group = 0x120300, Index offset = 0x10041
TEMPC::is_active Index group = 0x120300, Index offset = 0x10042

Display the axis position

When temperature compensation is activated, the normal command and actual positions of the
axis are displayed unchanged.

The corrections are only calculated and included before output to the drive bus and can therefore
be viewed in the position values of the drive bus (dig_cmd_pos, dig_act_pos).
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3.2.1 Overview
ID Parameter Description
P-AXIS-00789 Ir_param.crosstalk Activate crosstalk compensation
ID Parameter Description
P-COMP-00063 kw.crosstalk.master_ax_nr Log. Axis number of the master axis
P-COMP-00064 kw.crosstalk.n_cycles Number of cycles for ‘smooth switching’
P-COMP-00065 kw.crosstalk.last_index Last index of compensation value table
P-COMP-00066 kw.crosstalk.acceleration Accelerations of the master axis
P-COMP-00067 kw.crosstalk.correction Compensation values for the slave axis
P-COMP-00073 kw.crosstalk.manual_activation Manual activation
3.2.2 Description
P-AXIS-00271 Selection of temperature compensation
Description The parameter selects the temperature compensation.
Parameter Ir_param.temp_comp
Data type BOOLEAN
Data range 0/1
Axis types T,R,S
Dimension T: - R,S: ----
Default value 0
Drive types
Remarks
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Temperature compensation

P-AXIS-00272 Parameterisation of temperature compensation (Basic position)

Description The compensation values are approximated by a linear straight line. This straight line is
defined by a basic position, an offset at this position and a geometrical pitch. Depending on
the temperature, these parameters can be adjusted e.g. by the PLC.

Parameter Ir_param.temp_comp_position_0

Data type SGN32

Data range MIN(SGN32) < temp_comp_position_0 < MAX(SGN32)

Axis types T,R,S

Dimension T: 0.1 ym R,S: 0.0001°

Default value 0

Drive types

Remarks

P-AXIS-00273 Parameterisation of temperature compensation (Offset)

Description The compensation values are approximated by a linear straight line. This straight line is
defined by a basic position, an offset at this position and a geometrical pitch. Depending on
the temperature, these parameters can be adjusted e.g. by the PLC.

Parameter Ir_param.temp_comp_offset 0

Data type SGN32

Data range MIN(SGN32) < temp_comp_offset_0 < MAX(SGN32)

Axis types T,R,S

Dimension T:0.1 um R,S: 0.0001°

Default value 0

Drive types -—--

Remarks

P-AXIS-00274 Parameterisation of temperature compensation (Geometrical pitch)

Description The compensation values are approximated by a straight line. This straight line is defined by
a basic position, an offset at this position and a geometrical pitch. Depending on the temper-
ature these parameters can be adjusted e.g. by the PLC.

Parameter Ir_param.temp_comp_coefficient

Data type REAL64

Data range -10000 < temp_comp_coefficient < 10000

Axis types T,R,S

Dimension T: pm/m R,S: ----

Default value 0

Drive types

Remarks
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P-AXIS-00275 Distribution of the temperature compensation on several cycles
Description The compensation values are recalculated for each interpolation cycle. If the change per

cycle exceeds the given maximum axis acceleration, this change can be output filtered over
multiple cycles.

For this the number of cycles of the sin? filter can be defined in the axis parameter list.

Parameter Ir_param.temp_comp_n_cycles

Data type UNS16

Data range 0 <temp_comp_n_cycles < 20

Axis types T,R,S

Dimension T: Number of interpolation cycles R,S: Number of interpolation cycles
Default value 0

Drive types

Remarks

P-AXIS-00482 Manual activation of the temperature compensation

Description The CNC turns the temperature compensation on when it is selected in the axis parameter

list (P-AXIS-00271) and the required preconditions are met (e.g. the axis is homed).

If the parameter is set to 1, the temperature compensation must be manually turned on in
the NC program via an NC command (see [PROG//Switching axis compensation on/off in
the NC program]). In addition, the compensation is turned off at the end of the NC program,
during CNC reset and axis release.

Parameter Ir_param.temp_comp_manual_activation
Data type BOOLEAN
Data range 0: Automatic activation (default).

1: Manual activation in NC program.

Axis types T,R,S

Dimension T: - R,S: -
Default value 0

Drive types

Remarks
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3.2.3 CNC objects

Name TEMPC:: activated

Description Temperature compensation: active, activate using P-AXIS-00271 [ 20]
Task GEO (Port 551)

Index group 0x120300 Index offset 0x<Ap>0041
Data type BOOLEAN Length 1

Attributes read/ write Unit [-]

Remarks TRUE/FALSE

Name TEMPC::f is_active

Description This object reads whether temperature compensation is activated .

This means that all preconditions, such as axis is referenced and all necessary enables are
on, must be fulfilled.

Task GEO (Port 551)

Index group 0x120300 Index offset 0x<Ap>01D8
Data type BOOLEAN Length 1

Attributes read Unit [-]

Remarks

Name TEMPC::actual_offset

Description Temperature compensation: current compensation value

Task GEO (Port 551)

Index group 0x120300 Index offset Ox<Ap>0042
Data type SGN32 Length 4

Attributes read Unit [Incr]
Remarks

Axis compensations
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Name TEMPC::coefficient
Description Temperature compensation: current coefficient
See also P-AXIS-00274 [ 21]
The temperature compensation values are approximated by a straight line. The straight line
is defined by a basic position, an offset at this position and a geometrical pitch.
Task GEO (Port 551)
Index group 0x120300 Index offset Ox<Ap>0043
Data type REALG4 Length 8
Attributes read/ write Unit [um/m]
Remarks
Name TEMPC::offset_0
Description Temperature compensation: Start offset characteristic
See also P-AXIS-00273 [ 21]
The temperature compensation values are approximated by a straight line. The straight line
is defined by a basic position, an offset at this position and a geometrical pitch.
Task GEO (Port 551)
Index group 0x120300 Index offset 0x<A>0044
Data type SGN32 Length 4
Attributes read/ write Unit [0.1 um]
Remarks
Name TEMPC::position_0
Description Temperature compensation: Start position characteristic
See also P-AXIS-00272 [ 21]
The temperature compensation values are approximated by a straight line. The straight line
is defined by a basic position, an offset at this position and a geometrical pitch.
Task GEO (Port 551)
Index group 0x120300 Index offset 0x<Ap>0045
Data type SGN32 Length 4
Attributes read/ write Unit [0.1 um]
Remarks
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3.3

Initialisation

Example

Compensation is activated in the X axis by the following settings:

lr param.
lr param.
lr param.
lr param.
lr param.

temp comp 1
temp comp position 0 100
temp comp offset 0 40
temp comp coefficient 4000
temp comp n cycles 20

[0.1pm]
[0.1pm]
(m/m]

Programing Example

NC program

The following NC program was used for the test:

N10: G90
G04 1
N10 X100
G04 1
N10 X80
G04 1
N10 X50
G04 1

N20 X-200

G04 1

GOl X0 F1000

$GOTO [N10]

M30
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Fig. 8: Logged compensation values dependent on axis position.
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4 Axis compensations with compensation value lists
4.1 Compensation value lists

Storing compensation values

Data for the compensation processes
» Cross compensation

* Plane compensation

» Leadscrew error compensation

* Friction compensation and

« crosstalk compensation

are stored for each axis in so-called compensation value lists that are loaded when the controller
starts up. It is also possible to update the lists at a later date.

It is possible to activate all the compensation processes for an axis simultaneously.

When you use leadscrew error compensation, it is recommended to include a possible backlash
directly in the compensation table of the leadscrew error compensation (double-sided compensa-
tion P-COMP-00021).

As of CNC Build V3.1.3079.06 you can adjust the size of the compensation value
lists.

Providing the compensation value lists

The following entries must be present in the start-up description [STUP] in order to signal the
compensation table to the controller:

Variable name Type Meaning
zahl_kw UNS16 Number of offset value lists
achs_kwl[i] String Name of datafile
achs_kw_log_ax_nrfi] UNS16 Logical number of axis for which the compensation value list
is valid.
Attention

If the compensation value list is configured by the TwinCAT System Manager, these entries are
assigned automatically in the start-up description.
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Programing Example

Excerpt from the start-up list hochlauf.lis:

zahl kw 3

#

achs kw log ax nr[0] 1

achs kw[0] ..\listen\achskwl.lis
#

achs kw log ax nr[l] 2

achs kw[1] ..\listen\achskw2.1lis
#

achs kw log ax nr[2] 6

achs kw[2] ..\listen\achskw6.1lis

Structure of the compensation value list

The compensation value list consists of
+ a list header containing general data and

* the body of the list where the compensation algorithms are configured and containing the ac-
tual compensation tables.

List header
The list header is identified in the list by the structure variable kopf . It contains the following ele-
ments:

Variable name Type Meaning

kopf.achs_nr UNS16 Logical number of compensation value list

kopf.log_achs_name String Name of the axis, which is only used for diagnostic pur-

poses
Attention
! If the compensation value list is configured by the TwinCAT System Manager, these entries are

made automatically in the compensation value list.
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Body of the list

The list body contains general data and the compensation tables. The entries in the list body are
identified by the structure variable kw and frict_comp . It contains the following substructures for
each of the compensation processes:

Variable name Meaning

kw.crosscomp. Data structure for cross compensation

kw.crosscomp2 Data structure for plane compensation (2-dimensional cross compensation)
kw.ssfk. Data structure for leadscrew error compensation

kw.crosstalk. Data structure for cross compensation

frict_comp Data structure for friction compensation

Updating the compensation table

The compensation table can be updated while the controller is running, provided the conditions
for the effectiveness of a compensation are fulfilled.

Attention

After start-up, updating or re-initialisation, it is “almost” not permissible to command a rapid pro-
gram start or exchange an axis without requesting axis positions.
First, the NC channel must be synchronised in relation to axis positions.
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4.2 Cross compensation

Cross compensation permits the compensation of rectangularity errors or errors that arise due to
deflection of the axis.

Compensation process

Cross compensation (also called sag compensation) permits the compensation of an axis posi-
tion depending on the command position of another axis.

The axis whose command positions influences the compensation value is called the master axis.
The axis for which compensation is active is called the slave axis.

A master axis can also be the salve axis of another master axis.

Cross compensation data is specified in the compensation value list of the slave axis .

z

X
A

| B

Fig. 9: Application example for cross compensation (Y: Master, Z: Slave).
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Properties

» A master axis has one or several slave axes.

* A slave has only one master axis.

» Cross compensation can also be used for the master and slave axes of a gantry combination.
» A compensation value can be specified for each interpolation point.

* Interpolation between interpolation points is linear.

» Cross compensation is available for all drive types.

» Compensations can only be viewed in the positions directly output to the drive (not in the nor-
mal display data) since compensation takes place outside normal calculations.

» As of CNC Build V3.1.3079.06 you can adjust the size of the compensation table. The para-
meter P-COMP-00060 [ 34] defines the maximum number of table entries. The actual num-
ber of entries used by P-COMP-00004 [+ 35]

Effectiveness

Cross compensation is only effective if all the following conditions are fulfilled:
* The function was activated for the slave axis.
* The compensation value table was provided.

» Master and slave axes are linear axes. As of CNC Build v263.1504, cross compensation can
also be used for rotary axes or spindles.

* The master axis was referenced. Therefore there is no need to reference the slave axis.
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421 Parameter
4211 Overview
Activation
Cross compensation is activated in the axis machine data record of the slave axis by P-
AXIS-00047:
Variable name Type Meaning
Ir_param.crosscomp BOOLEAN 0: no cross compensation
1: Cross compensation active

Programing Example

Excerpt from the axis parameter list:

lr param.crosscomp 1

Cross compensation can also be used for a gantry axis group. A compensation value table must
then be specified for each individual axis in the gantry combination (cross compensation slave).

Compensation value tables can therefore have different settings for each gantry axis.

Activating/deactivating

Cross compensation (ON if master axis is referenced and compensation is activated) can be
switched on or off at any time when the slave axis is at standstill. The slave axis command posi-
tions displayed are offset with the offset values.

Filter:

When the master axis is referenced, inconsistencies may occur when compensation values are
calculated for a moved slave axis. These inconsistencies can be smoothed by using a sin? filter.
The parameter P-COMP-00026 (n_cycles) switches the filter order to activate it.
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Management data of the cross compensation table

General data of the list body is entered in the structure kw.crosscomp..*. It contains the follow-
ing elements.

Management data elements

Variable name Type Meaning

unit BOOLEAN Unit of the length entries:
0: Encoder increments
1: metric (in 0.1 ym)

last_index SGN32 Last valid index in the slave axis table.

As of CNC Build V3.1.3079.06 the maximum possible of table
entries can be defined in P-COMP-00060 [+ 34]. In previous
Builds the default value is 1000.

The table always starts with index 0

master_ax_nr UNS16 Axis number of the master axis; its command position acts as
the input variable of the compensation table.

n_cycles UNS16 Number of cycles of sin? filter.

manual_activation BOOLEAN 0: (Default) The CNC activates cross compensation automat-

ically as soon as the required conditions are met (e.g. the
master axis is referenced).

1: Cross compensation must be activated explicitly in the NC
program by the COMP command (see section “Selecting/
deselecting axis compensations in the NC program”) [ 107].
Compensation is deactivated at the end of the NC program,
when the CNC is reset or when the axis is released.

Compensation values for cross compensation

The corresponding compensation value of the slave axis is entered in the table
kw.crosscomp.table[i].* for every interpolation point. The compensation table is valid for posit-
ive and negative directions of motion.

Compensation value table

Variable name Type Meaning

tablel[i].setpoint SGN32 Interpolation point of master axis for which the slave axis
must be compensated.

table[j][i].correction SGN32 Relative compensation value for the salve axis at interpolation
point i

Special feature for rotary master axis

As of CNC Build v263.1504, cross compensation can also be used for rotary axes or spindles. A
modulo calculation of the axis position is carried out in the position controller for these axis types.
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If a cross compensation master axis is a modulo axis, a "modulo transition" also takes place in
the compensation table in the modulo transition of the axis position of this master axis. To pre-
vent a jump from occurring at this point of the compensation value process of the slave axis, the
same compensation value must be specified in the compensation table at the modulo transition.

421.2 Description
P-AXIS-00047 Activation of cross compensation
Description This parameter activates the cross compensation.
Parameter Ir_param.crosscomp
Data type BOOLEAN
Data range 0/1
Axis types T
Dimension T: -
Default value 0
Drive types -—--
Remarks

P-COMP-00060

Maximum number of table entries for cross compensation

Description This cross compensation parameter (FCT-C5 [ 30]) saves the memory space required for a
particular number of table entries.
The size of the actually used compensation table is defined by “last_index” (P-
COMP-00004) and ‘last_index™ must be smaller than ‘max_points’.

Parameter kw.crosscomp.max_points

Data type UNS32

Data range 0 <= P-COMP-00060

Axis types T,R,S

Dimension T: - R,S: ----

Default value 1001

Remarks

The parameter value can no longer be changed after start-up or after lists are reloaded. Oth-
erwise error ID 110639 is output.

If P-COMP-00060 is not specified (or assigned the value 0), the default value is assigned
to P-COMP-00060 for downward compatibility reasons.

To avoid the default assignment, memory can be saved for an axis that does not use cross
compensation [ 30] by assigning the value 1 to P-COMP-00060.

This parameter is available as of CNC Build V3.3079.06
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P-COMP-00003

Unit of the length entries

Description The parameter defines the unit to be used for the length entries of compensation values.
Parameter kw.crosscomp.unit
Data type BOOLEAN
Data range 0: Encoder increments
1: Metric (in 0.1 ym)
Axis types T,R,S
Dimension T: - R,S: ----
Default value 0

Remarks

P-COMP-00004

Last index of compensation value table

Description This parameter determines the last valid index in the table of the master axis. The table al-
ways starts with index 0

Parameter kw.crosscomp.last_index

Data type SGN32

Data range 0 < last_index < P-COMP-00060 [ 34]

Axis types T,R,S

Dimension T: -—-- R,S: ----

Default value 0

Remarks

P-COMP-00060 [ 34] is available as of Build V3.1.3079.06. The upper limit in previous
CNC versions is 1000.

P-COMP-00005

Logical axis number of the master axis

Description This parameter determines the logical number of the master axis whose command position
is used to calculate the input variable of the compensation value table of the slave axis.

Parameter kw.crosscomp.master_ax_nr

Data type UNS16

Data range 1 < master_ax_nr < MAX (UNS16)

Axis types TR, S

Dimension T: -—-- R,S: ----

Default value 0

Remarks

Axis compensations

Page 35/ 115

Axis compensations with compensation value lists




kernel

Industrielle Steuerungstechnik GmbH

Axis compensations with compensation value lists

P-COMP-00026

Number of cycles for ‘smooth switching’

Description This parameter determines the number of cycles for which cross compensation is activated/
deactivated smoothly.

Parameter kw.crosscomp.n_cycles

Data type UNS16

Data range 0 = n_cycles < 20 (maximum number of cycles for which cross compensation is activated/
deactivated,
application-specific)

Axis types T,R,S

Dimension T: - R,S: -

Default value 0

Remarks

P-COMP-00029

Manual activation

Description Cross compensation is automatically activated by the CNC if it selected in the axis paramet-
ers (P-AXIS-00047) and the required conditions are met (e.g. axis is homed).
If the parameter is set to the value 1, cross compensation must be activated explicitly by an
NC command (see [PROG//Selecting/deselecting axis compensations in the NC program].
In addition, compensation is deselected at the end of the NC program, at CNC reset and on
axis release.

Parameter kw.crosscomp.manual_activation

Data type BOOLEAN

Data range 0: Automatic activation
1: Manual activation in NC program

Axis types T,R,S

Dimension T: - R,S: ----

Default value 0

Remarks

Axis compensations
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P-COMP-00006

Interpolation point of the master axis

Description This parameter determines the interpolation points of the master axis on which the slave
axis has to be corrected.

Parameter kw.crosscomp.table[i].setpoint

Data type SGN32

Data range MIN(SGN32) < setpoint < MAX(SGN32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks

P-COMP-00007

Compensation values for the slave axis

Description This parameter determines the relative compensation values for the slave axis at interpola-
tion points 'i'.

Parameter kw.crosscomp.tablel[i].correction

Data type SGN32

Data range MIN(SGN32) < correction < MAX(SGN32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks
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4.21.3 CNC objects
Name CROSSC::f_is_active
Description Cross compensation: active, activate using Description [ 34]
This means that all preconditions must be met, such as the axis is homed and all necessary
enables are on.
Task GEO (Port 551)
Index group 0x120300 Index offset Ox<Ap>004F
Data type BOOLEAN Length 1
Attributes read Unit [-]
Remarks
Name CROSSC::activated
Description This object reads whether cross compensation is activated via P-AXIS-00047 [ 34].
Task GEO (Port 551)
Index group 0x120300 Index offset 0x<A,>01D6
Data type BOOLEAN Length 1
Attributes read Unit [-]
Remarks
Name CROSSC::actual_offset
Description Cross compensation: current effective offset
Task GEO (Port 551)
Index group 0x120300 Index offset 0x<Ap>0035
Data type SGN32 Length 4
Attributes read Unit [Incr.]
Remarks
Name CROSSC::delta_offset
Description Cross compensation: change in compensation value compared to previous cycle
Task GEO (Port 551)
Index group 0x120300 Index offset 0x<A>0034
Data type SGN32 Length 4
Attributes read Unit [Incr.]
Remarks

Axis compensations
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4.2.2

Example of a compensation value list

Programing Example

Example of a compensation value list for cross compensation

# KAKAKAKAA KA A KA A KA A KA XA AR A AR A A XA A XA A XA AR AKX KK

# Axis compensation data for Z-axis

# KKK AKRKAIAKRA KR KAAAKRAKRKAAKNKAARNAAKNA A A A XA A XA AR KX XK

kopf.achs nr

kopf.log achs name
kw.crosscomp.last index

table*/
kw.crosscomp.master ax nr

axis*x/

kw.crosscomp.unit

kw.crosscomp.n cycles

#

kw.crosscomp.table[0].setpoint
kw.crosscomp.table[0].correction
kw.crosscomp.table[l].setpoint
kw.crosscomp.table[l] .correction

kw.crosscomp.table[99].setpoint
kw.crosscomp.table[99] .correction
axis 1*/

3
Z
99 /*Last valid index of the

1 /*Log. ax. number of the master

1 /*0:Incr. 1:Metric in 0.1 pm*/
20

10735
3
11523
5

10000000 /*at 1000 mm of axis 3*/
1000 /*corr. of 0.1 mm for

Axis compensations
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423 Error messages

Errors in the configuration of the cross compensation result in deactivation of the function for the
affected axis and to the output of an error message (warning message).

The following error messages then appear:
* ID 110639
 ID 70242
« ID 70244
 ID 70245
« ID 70246
« ID 70247
» ID 70248
« ID 70249
 ID 70250
 ID 70432
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4.3

Plane compensation

With plane compensation, axis misalignments can be compensated for as a function of the posi-
tion of two master axes. One application case, for example, is the compensation of the Z axis de-
pendingon X and Y.

Compensation process

Plane compensation allows the compensation of an axis position depending on the command po-
sitions of 2 axes.

The two axes whose command positions influence the compensation value are called master
axes. The axis for which compensation is active is called the slave axis.

One of the master axes can also be a slave axis itself.

Cross compensation data is specified in the compensation value list of the slave axis .

Correction list

Actual position

Master axis 1 > Command position
Calculation of
compensation > Slave axis

value

Master axis 2

Fig. 10: Schematic of the compensation value calculation for plane compensation

Characteristics

» The two master axes form a 2-axis coordinate system; in the simplest case it is the X-Y plane
(master axis 1 = X axis, master axis 2 = Y axis).

» This coordinate system is divided into squares or rectangles like a chessboard.
» The edge length of the squares or the edge lengths of the rectangles can be parameterised.

» The corners of the squares or rectangles form the interpolation points of the table (see figure
below).

» A compensation value can be specified for each interpolation point.
* Interpolation between interpolation points is linear (see 2nd figure below).
+ QOutside the table, the compensation values at the edge of the table remain effective.

* As of CNC Build V3.1.3079.06 you can adjust the size of the compensation table. The max-
imum number of table entries can be set by P-COMP-00061 [ 48] and The actual number of
entries used is specified by P-COMP-00010 [ 49] and P-COMP-00011 [ 50].
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Compensation value

} \ ‘.i‘ Master 2
| /

ST T
Master ‘1/ 7 ﬁa’z"”'

Fig. 11: Specify compensation values at the interpolation points
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Fig. 12: Linear interpolation between the 4 interpolation points of a square

Effectiveness

Plane compensation is only effective if all the following conditions are fulfilled:
» The function was activated for the slave axis.
» The compensation value table was provided.

» Master and slave axes are linear axes. As of CNC Build v263.1504, plane compensation can
also be used for rotary axes or spindles.

» Master axes have an absolute measuring system or were referenced.
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431 Parameter
4311 Overview
Activation

Plane compensation is activated in the axis machine record of the slave axis by P-AXIS-00174:

Variable name Type Meaning

Ir_param.crosscomp?2 BOOLEAN 0: no plane compensation
1: Plane compensation active

Programing Example

Excerpt from the axis parameter list:

lr param.crosscomp2 1

Activating/deactivating

Plane compensation (ON if master axes are referenced and compensation is activated) can be
switched on or off at any time when the slave axis is at standstill. The slave axis command posi-
tions displayed are offset with the offset values.

Filter:

When master axes are referenced, inconsistencies may occur when compensation values are
calculated for a moved slave axis. These inconsistencies can be smoothed by using a sin? filter.
The parameter P-COMP-00027 [ 52] (n_cycles) switches the filter order to activate it.

Special feature for rotary master axes

As of CNC Build v263.1504, plane compensation can also be used for rotary axes or spindles. A
modulo calculation of the axis position is carried out in the position controller for these axis types.

If a plane compensation master axis is a modulo axis, a "modulo transition" also takes place in
the compensation table in the modulo transition of the axis position of this master axis. To pre-
vent a jump from occurring at this point of the compensation value process of the slave axis, the
same compensation value must be specified in the compensation table at the modulo transition.
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Management data of the plane compensation table

The general data of the list body parameterise the axes involved, the limits of the compensation
range, etc. General data is entered in the structure kw.crosscomp2.*. It contains the following
elements.

Management data elements

Variable name Type Meaning

unit BOOLEAN Unit of the length entries:
0: Encoder increments
1: metric (in 0.1 ym)

grid STRING Type of interpolation point sample grid:
QUADRATIC: Identical grid structure, interval for both master
axes
RECTANGULAR: Different grid structure, interval1 and inter-
val2 for both master axes

interval UNS32 Interval between 2 interpolation points in 0.1 ym for the two
master axes (grid = QUADRATIC)

interval1 UNS32 Interval of the first master axis between 2 interpolation points
in 0.1 ym
(grid = RECTANGULAR)

interval2 UNS32 Interval of 2nd master axis between 2 interpolation points in
0.1 um
(grid = RECTANGULAR)

last_index_master1 SGN32 Last valid index in the table for master axis 1 (see Limits of
compensation table [ 46]).
The table always starts with index 0

last_index_master2 SGN32 Last valid index in the table for master axis 2 (see Limits of
compensation table [ 46]).
The table always starts with index 0

start_position_master1 | SGN32 Position of master axis 1 at which the compensation table
starts

start_position_master2 | SGN32 Position of master axis 2 at which the compensation table
starts

master1_ax_nr UNS16 Log. axis number of master axis 1

master2_ax_nr UNS16 Log. axis number of master axis 2

n_cycles UNS16 Number of cycles of sin? filter.

manual_activation BOOLEAN 0: Default: The CNC activates plane compensation automatic-

ally as soon as the required conditions are met (e.g. the mas-
ter axes are referenced)

1: Plane compensation must be activated explicitly in the NC
program by the COMP command (see section “Selecting/
deselecting axis compensations in the NC program [ 107]%).
Compensation is deactivated at the end of the NC program,
when the CNC is reset or when the axis is released.
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Limits of compensation table

As of CNC Build V3.1.3079.06 the maximum possible of table entries can be defined in P-
COMP-00061 [ 48]. In previous builds, the entries “last_index_master1”(P-COMP-00010
[ 49]) and “last_index_master2” (P-COMP-00011 [ 50]) are limited to 100 entries.

This rigid limitation non longer applies. Note only that:
P-COMP-00010 [ 49] x P-COMP-00011 [ 50] <= P-COMP-00061 [ 48]

Compensation values of plane compensation

The corresponding compensation value of the slave axis is entered in the table
kw.crosscomp2.table[j][i].* for every interpolation point.

Compensation value table

Variable name

Type Meaning

table[j][i].correction SGN32 Compensation value of slave axis at interpolation point [j][i],

see figure below.

When interpolation points are indexed in the compensation value table, the 1. index j always
refers to the 2. master axis (see figure below).

Index j -> master axis 2
Index i -> master axis 1

Unassigned interpolation points are assigned the value 0 in the compensation value table. This
value is also used in the calculation.
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last_index_master2
Actual position4

. interval
of axis >
master2_ax_nr ] A
[6][0l—o—© :[ O I 0—0 [6][7]
[5][0]e I—( I O I O—0 [5][7]
[4][0J0—Q—O0—O0——=0 I O—0 .,
N [3][0j0—o—O0—O0——0 O—0 [3][7]
ko) 10—+ I
(,) . L e ’a . LS e
S o - Yyl .
<! 0 104 0]<l I J, q71  Actual position
S [1][0]0—0—0—0—=0 o—o[1][7] .
S I of axis
%)
g ¥ (91110 NS S S SR S S | doj7] Mmaster1_ax_nr
| — [o]t6]
T start_position_master1
k7 last_index_master1
kw.crosscomp?2.interval 100000
kw.crosscomp2.last index masterl 7
kw.crosscomp2.last index master2 6
kw.crosscomp2.start position masterl 220000
kw.crosscomp2.start position master2 -160000
kw.crosscomp?2.unit 1
kw.crosscomp2.masterl ax nr 1
kw.crosscomp2.master2 ax nr 2
kw.crosscomp2.table[0] [0].correction 0
kw.crosscomp?2.table[6] [7‘]. :correction 324
Fig. 13: Compensation value list parameters
4.3.1.2 Description
P-AXIS-00174 Activation of plane compensation
Description This parameter activates the plane compensation (2-dimensional cross compensation).
Parameter Ir_param.crosscomp?2
Data type BOOLEAN
Data range 01
Axis types T
Dimension T: —--
Default value 0
Drive types
Remarks
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P-COMP-00061

Maximum number of table entries for plane compensation

Description This plane compensation parameter (FCT-C5 [ 41]) saves the memory space required for a
particular number of table entries.
The size of the actually used compensation table is defined by “last_index:master1” (P-
COMP-00010) and ‘last_index_master2® (P-COMP-00011)
and the following must apply:
(‘last_index_master1™ + 1) * (‘last_index_master2™ + 1) <= 'max_points’
If “'max_points’ is not specified (or assigned the value 0), the previous restrictions
apply to “last_index_master1” and ‘last_index_master2".
* 0 <="last_index_master1’ <= 100
* 0 <="last_index_master2’ <= 100
Parameter kw.crosscomp2.max_points
Data type UNS32
Data range 0 <= P-COMP-00061
Axis types TR, S
Dimension T: ——-- R,S: ----
Default value 10201 (*)

Remarks

The parameter value can no longer be changed after start-up or after lists are reloaded. Oth-
erwise error ID 110640 is output.

If P-COMP-00061 is not specified (or assigned the value 0), the default value is assigned
to P-COMP-00061 for downward compatibility reasons.

To avoid the default assignment, memory can be saved for an axis that does not use plane
compensation [ 41] by assigning the value 1 to P-COMP-00061.

* composition of the default value: 101*101 =10201
This parameter is available as of CNC Build VV3.3079.06
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P-COMP-00008

Unit of the length entries

Description This parameter defines the unit of the length / position entries.
Parameter kw.crosscomp2.unit
Data type BOOLEAN
Data range 0: Encoder increments
1: Metric (in 0.1 ym)
Axis types T,R,S
Dimension T: - R,S: ----
Default value 0

Remarks

P-COMP-00009

Distance between interpolation points

Description This parameter defines the distance between two interpolation points if both axes use an
identical grid (P-COMP-000031(grid) = QUADRATIC).

Parameter kw.crosscompZ2.interval

Data type UNS32

Data range 0 <interval < MAX(UNS32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks

P-COMP-00010

Last index of master axis 1

Description This parameter determines the last valid index in the table of master axis 1 (maximum value
is 100). The table always starts with index 0.

Parameter kw.crosscomp?2.last_index_master1

Data type SGN32

Data range 0 < P-COMP-00010 <= 100

Axis types T,R,S

Dimension T: - R,S: ----

Default value 0

Remarks

As of Build V3.1.3079.06, P-COMP-00010 is freely assignable. There is no upper limit. How-
ever, the condition of P-COMP-00061 [ 48] must be complied with.

P-COMP-00010 * P-COMP-00011 [ 50] <= P-COMP-00061 [* 48]
Attention:

If this parameter is re-interpreted, all the values in the compensation value table (P-
COMP-00016 [ 51]) must be read in again.
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P-COMP-00011

Last index of master axis 2

Description This parameter determines the last valid index in the table of the two master axes (max-
imum 100 values). The table always starts with index O.

Parameter kw.crosscomp?2.last_index_master2

Data type SGN32

Data range 0 < P-COMP-00011 <= 100

Axis types TR, S

Dimension T: - R,S: ----

Default value 0

Remarks

As of Build V3.1.3079.06, P-COMP-00011 is freely assignable. There is no upper limit. How-
ever, the condition of P-COMP-00061 [ 48] must be complied with.

P-COMP-00010 [ 49] * P-COMP-00011 <= P-COMP-00061 [ 48]
Attention:

If this parameter is re-interpreted, all the values in the compensation value table (P-
COMP-00016 [ 51]) must be read in again.

P-COMP-00012

Start position of master axis 1

Description This parameter determines the start position of master axis 1 in the compensation table.
Parameter kw.crosscomp?2.start_position_master1

Data type SGN32

Data range MIN(SGN32) < start_position_master1 < MAX(SGN32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks

P-COMP-00013

Start position of master axis 2

Description This parameter determines the start position of master axis 2 in the compensation table.
Parameter kw.crosscomp?2.start_position_master2

Data type SGN32

Data range MIN(SGN32) < start_position_master2 < MAX(SGN32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks
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P-COMP-00014

Logical axis number of the master axis 1

Description This parameter defines the logical axis number of the first master axis.
Parameter kw.crosscomp2.master1_ax_nr

Data type UNS16

Data range 1 <master1_ax_nr < MAX (UNS16)

Axis types T,R,S

Dimension T: - R,S: ----

Default value 0

Remarks

P-COMP-00015

Logical axis number of the master axis 2

Description This parameter defines the logical axis number of the second master axis.
Parameter kw.crosscomp2.master2_ax_nr

Data type UNS16

Data range 1 < master2_ax_nr < MAX (UNS16)

Axis types T,R,S

Dimension T: - R,S: ----

Default value 0

Remarks

P-COMP-00016

Compensation values for the slave axis

Description This parameter defines the relative compensation values of the slave axis at interpolation
points [j][i]. When indexing the interpolation points in the compensation list, the first index j
refers to the second master axis.

Parameter kw.crosscomp2.table[j][i].correction

Data type SGN32

Data range MIN(SGN32) < correction < MAX(SGN32)

Axis types TR, S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks
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P-COMP-00027

Number of cycles for ‘smooth switching’

Description This parameter determines the number of cycles for which plane compensation is activated/
deactivated smoothly.

Parameter kw.crosscomp2.n_cycles

Data type UNS16

Data range 0 = n_cycles < 20 (maximum number of cycles for which cross compensation is activated/
deactivated,
application-specific)

Axis types T,R,S

Dimension T: - R,S: -

Default value 0

Remarks

P-COMP-00030

Manual activation

Description Plane compensation is automatically activated by the CNC if it selected in the axis paramet-
ers (P-AXIS-00174) and the required conditions are met (e.g. axis is homed).
If the parameter is set to value 1, plane compensation must be activated explicitly by an NC
command (see [PROG//Selecting/deselecting axis compensations in the NC program]. In
addition, compensation is deselected at the end of the NC program, at CNC reset and on
axis release.

Parameter kw.crosscomp2.manual_activation

Data type BOOLEAN

Data range 0: Automatic activation
1: Manual activation in NC program

Axis types T,R,S

Dimension T: - R,S: ----

Default value 0

Remarks
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P-COMP-00032

Distance between the interpolation points of the first master axis

Description The parameter defines the interval between two interpolation points for the first master axis
if both master axes use a different grid (P-COMP-00031(grid) = RECTANGULAR).

Parameter kw.crosscomp?2.interval1

Data type UNS32

Data range 0 < intervall < MAX(UNS32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks

P-COMP-00033

Distance between the interpolation points on the second master axis

Description The parameter defines the interval between two interpolation points for the first master axis
if both master axes use a different grid (P-COMP-00031(grid) = RECTANGULAR).

Parameter kw.crosscomp?2.interval2

Data type UNS32

Data range 0 < interval2 < MAX(UNS32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value 0

Remarks

4.3.1.3 CNC objects

Name CROSSC::f_is_active

Description Cross compensation: active, activate using Description [ 34]
This means that all preconditions must be met, such as the axis is homed and all necessary
enables are on.

Task GEO (Port 551)

Index group 0x120300 Index offset Ox<Ap>004F

Data type BOOLEAN Length 1

Attributes read Unit [-]

Remarks
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Name CROSSC::delta_offset

Description Cross compensation: change in compensation value compared to previous cycle
Task GEO (Port 551)

Index group 0x120300 Index offset 0x<A>0034
Data type SGN32 Length 4

Attributes read Unit [Incr.]

Remarks

Name CC2::correction

Description Plane compensation: current effective offset

Task GEO (Port 551)

Index group 0x120300 Index offset Ox<A,>0052
Data type SGN32 Length 4

Attributes read Unit [Incr.]

Remarks

Name CC2::activated

Description This object reads whether plane compensation is activated via P-AXIS-00174 [ 47].
Task GEO (Port 551)

Index group 0x120300 Index offset 0x<Ap>01D7
Data type BOOLEAN Length 1

Attributes read Unit [-]

Remarks
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4.3.2 Examples of compensation value lists

Compensation value list for plane compensation
Available as of V3.1.3079.06

The parameterisation example below reserved a maximum number of table entries of 50000
entries. The actual number of entries used is defined by the product of “last_index_master1” and
“last_index_master2”.

# KAKAKAKAAIRKAA IR AA I A A KA A KA XA AR A AR A A XA A XA A XA A KK

# Axis compensation data X axis
# kAR Ak A hkhkhAhkhd A hkkhkhAhkhkkhkhrhkhkhAhrkhkkdrhkhkhrkhkhhxkhk*x*x*

kopf.achs nr 1
kopf.log achs name X
# Reserve maximum number of table entries
kw.crosscomp2.max points 50000
kw.crosscomp2.last index masterl 1000
kw.crosscomp2.last index master2 20
kw.crosscomp2.table[ O0][ O0].correction -3
kw.crosscomp2.table[ O0][ 1].correction -1
etc.

kw.crosscomp2.table[ 20][ 999].correction 58
kw.crosscomp2.table[ 20][1000].correction 49

Compensation value list for plane compensation

# KKK IAKRAKAKAA KA KAA R A AR A AR AANAA A AA A AR A A XA AR KA KK

# Axis compensation data X axis
# ARhk Ak kA h kA hhkhkhrhkhhkhrhkhkhrhkhkhkrkhkhkrhkhkhkrhkrkk*x*x*

kopf.achs nr 1
kopf.log achs name X
kw.crosscomp2.interval 100000 /* 10 mm */
kw.crosscomp2.last index masterl 100
kw.crosscomp2.last index master2 200
kw.crosscomp2.start position masterl -400000 /* =40 mm */
kw.crosscomp2.start position master?2 -700000 /* =70 mm */
kw.crosscomp2.unit 1 /* 0,1 mp */
kw.crosscomp2.masterl ax nr 2
kw.crosscomp2.master2 ax nr 3
kw.crosscomp2.n cycles 20
kw.crosscomp2.table[ O0][ O0].correction -3
kw.crosscomp2.table[ O0][ 1].correction -1
kw.crosscomp2.table[ O0][ 2].correction 4
kw.crosscomp2.table[ O0][ 3].correction 9
kw.crosscomp2.table[ O0][ 4].correction 13
kw.crosscomp2.table[ O0][ ©5].correction 17
kw.crosscomp2.table[ O0][ 6].correction 42
kw.crosscomp2.table[ O0][ 7].correction 53
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4.3.3 Error messages

Errors in the configuration of the plane compensation result in deactivation of the function for the
affected axis and to the output of an error message (warning message).

The following error messages then appear:
* ID 110640

« ID 70182

- ID 70183

+ ID 70184

- ID 70185
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4.4

Leadscrew error compensation

Compensation process

Leadscrew error compensation (referred to below as LSEC) is an axial compensation.
The position setpoint of the compensated axis is changed by a compensation value in the posi-
tion controller cycle in order to compensate for leadscrew errors, for instance.

This compensation is cancelled by computation for the measured actual position values so that
the compensation performed does not appear in the display data of the controller.

Compensation table

The compensation values are taken from a table in which the profile of the compensation curve is
stored as a function of the axis position. The axis positions entered in the table are called inter-
polation points and the corresponding values of the compensation curve are called compensation
values.

The compensation value is linearly interpolated for axis positions that lie between interpolation
points.

The table containing compensation values is referred to in the following as the compensation
table.

Bilateral/unilateral LSEC

You can specify a separate compensation table for each direction of axis motion; this type of
compensation is called bilateral compensation.

With bilateral leadscrew error compensation, any backlash that may be present can also be com-
pensated for; additional backlash compensation (see Section “Backlash compensation [ 8]%) is
therefore not necessary.

With bilateral leadscrew error compensation, the parameter P-AXIS-00243 [ 63] specifies the
number of cycles for distribution of the compensation offset in case of a reversal in direction.

If a table is used for both directions of axis motion, it is referred to as unilateral compensation.
» The compensation tables are stored to a file for each axis (compensation value list).
» Axis dynamics are not taken into account in the output of compensation values.
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The graphic below shows an example of a compensation value curve. The meaning of the para-
meters used in the graphic will be explained later.

Compensation value

A . ) .
Linear interpolation

between interpolation points

Compensation value
for interpolation point 3
table[3].pos

N\

Compensation curve

Interpolation

kw_start.pos point
kw_nr_max-1
/ ¢

_ 12 -

0 1 2 3 4 5 6 7 8 4 9 10 11 g

Spacing between Reference point Axis position
Interpolation points  interpolation points
interval

Fig. 14: Compensation table with equidistant interpolation point grid and unilateral com-
pensation

Properties

Leadscrew error compensation (LSEC) has the following characteristics:

* When bilateral compensation is used, the same interpolation point positions must be used for
both value tables.

* You can define a compensation table only for a partial motion range of an axis. For axis posi-
tions outside the compensation table, the value at either end of the table continues to be used.

* Any compensation value other than 0 can be present at the reference point.

» The distance between interpolation points in the value tables can be selected either equidistant
or non-equidistant.

» As of CNC Build V3.1.3079.06 you can adjust the size of the compensation table. The para-
meter P-COMP-00059 [ 64] defines the maximum number of table entries. The actual num-
ber of entries used by P-COMP-00020 [ 65]

Effectiveness

The LSEC is effective under the following conditions:
» The LSEC was activated for the slave axis.
» A compensation table for the axis must be transferred to the controller.
* he axis was referenced or uses an absolute measuring system.
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441 Parameter
4411 Overview
Activation

Leadscrew error compensation (LSEC) is activated in the axis machine data record of the corres-
ponding slave axis by P-AXIS-00175:

Ir_param.n_backlash_cyc

Variable name Type Meaning
Ir_param.ssfk BOOLEAN 0: no LSEC
1: LSEC active
P-AX1S-00243 [ 63] UNS16 Number of cycles with bilateral leadscrew error compensa-

tion with reversal of direction

Excerpt from the axis parameter list:

lr param.ssfk 1
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Management data of the LSEC table

The general data of the list body parameterises the operation mode of the compensation, e.g.
unilateral or bilateral. General data is entered in the structure kw.ssfk..* and contains the follow-
ing elements.

Management data elements

Variable name Type Meaning

unit BOOLEAN Unit of the length entries:
0: Encoder increments
1: metric (in 0.1 ym)

interval SGN32 Distance between interpolation points of the compensation table for
use if using equidistant interpolation points. If this parameter is = 0,
the position of each interpolation point must be specified separately.

kw_startpos SGN32 Start position of the compensation table (with equidistant interpola-
tion points)

kw_nr_max SGN32 Number of entries in the compensation table
As of CNC Build V3.1.3079.06, the maximum possible number of
entries can be defined in P-COMP-00059 [ 64] . In previous builds
the default value is 1500.

bilateral BOOLEAN 0: Unilateral compensation
1: Bilateral compensation

modulo BOOLEAN Compensation for a modulo axis take place

manual_activation BOOLEAN 0 (default): The CNC activates leadscrew error compensation auto-
matically as soon as the required conditions are met (e.g. the master
axis is referenced)
1: Leadscrew error compensation must be activated explicitly in the
NC program by the COMP command (see Section “Selecting/
deselecting axis compensations in the NC program®) [ 107] . Com-
pensation is deactivated at the end of the NC program, when the
CNC is reset or when the axis is released.

set_pos_without_comp BOOLEAN By default, leadscrew error compensation also considers the com-

pensation values generated from other axis compensations, e.g.
cross and plane compensation. Direction-dependent leadscrew error
compensation (see P-COMP-00021 [ 60]) may result in undesired
backlash cover. The parameter set_pos_without_comp can disable
the inclusion of other compensation values in the calculation.

0: Compensation values of other compensations are considered in
the leadscrew error compensation.

1: Compensation values of other compensations are not considered.
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LSEC compensation values

The compensation values are specified in the table kw.ssfk.table[i].*.

The field index i can then assume the value 0 fo kw.ssfk.kw_nr_max —1. The maximum number
of entries is specified in [SYSP//Number 2.23].

The compensation values are specified as absolute position errors in the unit specified in
kw.ssfk.unit (metric in 0.1 ym or incremental). Where:

[Delta] 4 i-th compensation value
Ssoll, i i-th command value (interpolation point of the compensation table)
St i-th actual value (measured with reference measuring system)

Compensation value table

Variable name Type Meaning

pos SGN16 Compensation value for motion in a positive direction (bilateral
compensation) and compensation value for use with unilateral
compensation.

neg SGN16 Compensation value for motion in a negative direction. Not used
with unilateral SSKF.

setpoint SGN32 Interpolation point of the axis (programmed value). Only with non

equidistant interpolation points.

For use with bilateral compensation, enter position errors for motion in a position direction in the
pos entry, The interpolation points specified are valid for both directions.

For use with unilateral compensation, also enter position errors in the pos Entry. The neg entry is
omitted.

As opposed to the entry of individual interpolation points for the compensation table, a grid struc-
ture can also be used. Entries for interpolation points can then be omitted in the setpoint variable
in this case.

To use an interpolation point grid, enter the increment of the interpolation point grid in the
kw.ssfk.interval variable. The interpolation points are then calculation internally from the start
position (kw.ssfk. kw_startpos) and the increment.
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Special features applicable to modulo axes

If a compensation table is configured for a modulo axis (kw.ssfk.modulo = 1), a modulo trans-
ition also occurs in the compensation table at the modulo transition of the axis position.

This can be used in order to compensate for position errors caused by gears or transmissions for
instance.

The following special aspects must be noted:

» The position values of the first and last entries in the compensation list must be identical.

» The number of compensation values is also equal here to the number of entries in the com-
pensation value table.

441.2 Description

P-AXIS-00175 Activation of SSFK

Description This parameter activates the lead screw error compensation.

Parameter Ir_param.ssfk

Data type BOOLEAN

Data range 0/1

Axis types T,R

Dimension T: —-- R: ----

Default value 0

Drive types -—--

Remarks

P-AXIS-00243 Distribution of the backlash on multiple cycles

Description The parameter defines a number of position control cycles on which the backlash is distrib-
uted. The distribution is done according to a sin? function.
The parameter is also used for bi-directional lead screw error compensation if a change of
direction is executed.

Parameter Ir_param.n_backlash_cyc

Data type UNS16

Data range 0 < n_backlash_cyc < 20

Axis types TR, S

Dimension T: Number of interpolation cycles R,S: Number of interpolation cycles

Default value 0

Drive types ———-

Remarks For the values 0 or 1 the output of the backlash to the drive is done abruptly within one

cycle. A value larger than 1 creates a distribution according to the sin*function

The use of this feature avoids increasing errors at the workpiece, because for large back-
lash the machine excitation is reduced.
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P-COMP-00059

Maximum number of table entries for leadscrew error compensation

Description This leadscrew error compensation parameter (FCT-C5 [ 58]) sets the memory space re-
quired for a particular number of table entries.
The size of the actually used compensation table is defined by "kw_nr_max™ (P-
COMP-00020) and "kw_nr_max" must be smaller than ‘'max_points’.

Parameter kw.ssfk.max_points

Data type UNS32

Data range 0 <= P-COMP-00059

Axis types T,R,S

Dimension T: - R,S: ----

Default value 1500

Remarks

The parameter value can no longer be changed after start-up or after lists are reloaded. Oth-
erwise error ID 110638 is output.

If P-COMP-00059 is not specified (or assigned the value 0), the default value is assigned
to P-COMP-00059 for downward compatibility reasons.

To avoid the default assignment, memory can be saved for an axis that does not use lead-
screw error compensation [ 58] by assigning the value 1 to P-COMP-00059.

This parameter is available as of CNC Build V3.3079.06

P-COMP-00017

Unit of the length entries

Description This parameter defines the unit of the length / position entries.
Parameter kw.ssfk.unit
Data type BOOLEAN
Data range 0: Encoder increments
1: Metric (in 0.1 ym)
Axis types T,R,S
Dimension T: - R,S: ----
Default value 0

Remarks
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P-COMP-00018

Distance between interpolation points

Description The parameter defines the distance between interpolation points of the compensation table
when equidistant interpolation points are used. If this parameter is = 0, the position of each
interpolation point must be specified separately.

Parameter kw.ssfk.interval

Data type SGN32

Data range 0 < interval < MAX(SGN32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks

P-COMP-00019

Start position of compensation values

Description This parameter determines the position of the axis at which the compensation table starts.
Parameter kw.ssfk.kw_startpos

Data type SGN32

Data range MIN(SGN32) < kw_startpos < MAX(SGN32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks

P-COMP-00020

Number of compensation values

Description This parameter defines the number of entries in the compensation table.
Parameter kw.ssfk.kw_nr_max

Data type SGN32

Data range 0 <kw_nr_max < P-COMP-00059 [ 64]

Axis types T,R,S

Dimension T: - R,S: ----

Default value 0

Remarks

P-COMP-00059 [+ 64] is available as of Build V3.1.3079.06.
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P-COMP-00021

Operation mode of compensation

Description This parameter defines whether compensation is unilateral or bilateral.
Parameter kw.ssfk.bilateral
Data type BOOLEAN
Data range 0: Unilateral compensation
1: Bilateral compensation
Axis types T,R,S
Dimension T: - R,S: ----
Default value 0

Remarks

P-COMP-00022

Compensation of a modulo axis

Description This parameter defines the compensation table for a modulo axis. A modulo transition also
takes place in the compensation table on the modulo transition of the axis position.
The number of compensation values must then be equal to the number of entries in the
compensation value table.

Parameter kw.ssfk.modulo

Data type BOOLEAN

Data range 0: Compensation without modulo handling
1: Compensation for a modulo axis

Axis types T,R,S

Dimension T: - R,S: -

Default value 0

Remarks

P-COMP-00023

Compensation value in positive direction

Description This parameter defines a compensation value in case of movement in positive direction at
interpolation point 'i'.

Parameter kw.ssfk.table[i].pos

Data type SGN32

Data range MIN(SGN32) < pos < MAX(SGN32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks
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Compensation value in negative direction

Description This parameter defines a compensation value in case of movement in negative direction at
interpolation point 'i".

Parameter kw.ssfk.table[i].neg

Data type SGN32

Data range MIN(SGN32) < neg < MAX(SGN32)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks

P-COMP-00025

Interpolation points of the axis

Description This parameter determines the interpolation points of the axis for which the axis must be
corrected.

Parameter kw.ssfk.table[i].setpoint

Data type SGN64

Data range MIN(SGN64) < setpoint < MAX(SGN64)

Axis types T,R,S

Dimension T: 0.1 ym or increments R,S: 0.0001° or increments

Default value

0

Remarks

In CNC Builds V2.11.20xx and higher, the data type is SGN32 and so is the related data
range.

P-COMP-00028

Manual activation

Description Leadscrew error compensation is automatically activated by the CNC if it selected in the
axis parameters (P-AXIS-00175) and the required conditions are met (e.g. axis is homed).
If the parameter is set to value 1, leadscrew error compensation must be explicitly activated
by an NC command (see [PROG//Selecting/deselecting axis compensations in the NC pro-
gram]. In addition, compensation is deselected at the end of the NC program, at CNC reset
and on axis release.

Parameter kw.ssfk.manual_activation

Data type BOOLEAN

Data range 0: Automatic activation
1: Manual activation in NC program

Axis types T,R,S

Dimension T: - R,S: ----

Default value 0

Remarks
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P-COMP-00057 Consideration of other axis compensations

Description By default, leadscrew error compensation also considers the compensation values gener-
ated from other axis compensations, e.g. cross and plane compensation. With direction-de-
pendent spindle leadscrew error compensation (see P-COMP-00021) this may result in the
undesirable occurrence of backlash under certain circumstances.
The parameter set_pos_without_comp can disable the inclusion of other compensation
values in the calculation.

Parameter kw.ssfk.set_pos_without_comp

Data type BOOLEAN

Data range 0: Compensation values of other compensations are considered in the leadscrew error com-
pensation.
1: Compensation values of other compensations are not considered.

Axis types TR, S

Dimension T: - R,S: ----

Default value 0

Remarks
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4413 CNC objects

Name ssfk activated

Description Leadscrew error compensation (LSEC);active, activate with P-AXIS-00175 [ 63]

Task GEO (Port 551)

Index group 0x120300 Index offset 0x<A;>0038

Data type BOOLEAN Length 1

Attributes read Unit [-]

Remarks

Name LSEC::active

Description This object reads whether leadscrew error compensation is active.
This means that all preconditions must be met, such as the axis is homed and all necessary
enables are on.
(leadscrew error compensation - LSEC)

Task GEO (Port 551)

Index group 0x120300 Index offset 0x<Ap>00D0

Data type BOOLEAN Length 1

Attributes read Unit [-]

Remarks

Name LSEC::epsilon

Description Leadscrew error compensation: change in compensation value compared to previous cycle
Leadscrew error compensation (LSEC)

Task GEO (Port 551)

Index group 0x120300 Index offset 0x<A;>001C

Data type SGN32 Length 4

Attributes read Unit [Incr.]

Remarks
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Name LSEC::sum epsilon
Description Leadscrew error compensation: sum of all compensation values
Leadscrew error compensation (LSEC)
Task GEO (Port 551)
Index group 0x120300 Index offset 0x<Ap>001D
Data type SGN32 Length 4
Attributes read Unit [Incr.]
Remarks
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4.4.2

Example - Non-equidistant bilateral SSFK

The diagram below shows a compensation value table with the properties:

* Non-equidistant interpolation points (kw.ssfk.interval = 0)

* Bilateral compensation table (kw.ssfk.bilateral = 1)

* Position specifications in metric system (kw.ssfk.unit = 1)

» Compensation value table with 140 entries (kw.ssfk.kw_nr_max = 140). The index of the posi-

tion and setpoint entries goes from 0 to 139.

The following values were measured at the third gauged position (table[3]):

Programmed
Position
Seq; ith setpoint

pos measurement
value

S ith actual value
(pos direction)

neg measurement
value

Si, ith actual value
(neg direction)

computed

pos compensation
value

As; = Sigy; — S,

Computed

neg compensation
value

As; = Sig; =S

19866.7 pm

19856.5 pm 19874.7 pm

-102 x 0.1 ym

80 x 0.1 um

Programing Example

Non-equidistant bilateral SSFK

kopf.achs nr
kopf.log achs name
kw.ssfk.interval
kw.ssfk.kw startpos
kw.ssfk.kw nr max
kw.ssfk.unit
kw.ssfk.bilateral
kw.ssfk.table[0].setpoint
kw.ssfk.table[1l].setpoint
kw.ssfk.table[2].setpoint
kw.ssfk.table[3].setpoint
kw.
kw.
kw.
kw.
kw.

ssfk.table[138].setpoint
ssfk.table[139].setpoint
ssfk.table[0] .pos
ssfk.table[l] .pos
ssfk.table[2] .pos
kw.
kw.

kw.
kw.

ssfk.table[139] .pos
ssfk.table[0] .neg
ssfk.table[l] .neg
ssfk.table[2] .neg

kw.ssfk.table[139] .neg

Y AXIS
0
-200000
140
1
1
-200000
-199306
-198667
-198001

334488
335591
0

24
-102

-55
0
67
80

114
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443 Error messages

Errors in the configuration of leadscrew error compensation result in deactivation of the function
for the affected axis and to the output of an error message (warning message).

The following error messages then appear:
* ID 110217
- ID 110218
» ID 110392
* ID 110474
« ID 110476
« ID 110477
* ID 110478
« ID 110479
» ID110480
 ID 110590
- ID 110638
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4.5

Friction compensation

Friction effects in the drive train may cause marks or dimensional variations on the workpiece
surface at points in the machining process where a change in axis direction occurs (reversing).
The purpose of friction compensation is to minimise these effects and enhance machining res-
ults.

Compensation process

Friction compensation reduces position lag and improves surface quality. At the same time, it re-
lieves pressure on the speed controller and when activated, it permits the greater use of dynamic
parameters and this reduces machining time.

Friction compensation can be activated for SERCOS and CANopen drives. This requires the in-
stallation of an additive torque interface (additive current) which requires [ 83] configuration.

Characteristics

Effectiveness

* When friction compensation is selected, it is active directly after controller start-up
* Friction compensation reduces position lag and axis backlash and increases accuracy.
* Friction compensation is available for all drive types.

4.5.1

Friction

Friction compensation is only effective if all the following conditions are fulfilled:

 The function was activated in the axis parameter list with P-AXIS-00522 (TRUE) or was en-
abled by an NC command.

» The compensation value table [COMP] was provided.

Types of friction and compensation

Friction basically occurs at points of contact between bodies moving relative to one another. It
manifests itself as the force that counteracts the motion.

According to Stribeck, the following friction curves result at different velocities:

» Phase 1: Adhesive friction for standstill (boundary friction)
* Phase 2: Mixed friction, Stribeck friction
» Phase 3: Elastohydrodynamic friction

The constant component of friction at velocity v = 0 results in a surge in frictional force at speed
reversal resulting in backlash.
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Friction force
A
Sft_”b_eCk Viscous
Forict riction friction

Coulomb friction

>
Velocity

Fig. 15: Theoretical friction curve
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Fig. 16: Measured friction curve
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4511 Additive current dependent on velocity

Additive current

The purpose of friction compensation is to compensate actually existing friction torque by way of
an additional torque. It acts in the form of speed-dependent feedforward control of the motor cur-

rent.
Compensation S
START
<~ | parameter
AXxis
parameter Joexarple
N15
N25
INIT M30
ON / OFF
ENABLE /
ACTIVATION
Actual Additive
current current
Drive

Fig. 17: Principle of friction compensation

It is basically sufficient to command a additive current to the drive on the setpoint side for friction
compensation.

However, to determine the characteristic curve for the current and verify compensation, it is also
necessary to read the actual current.

III_
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Effect
The algorithm compensates for friction during path motions (v#0) by an additional motor current.
Control loop
The effect of friction compensation on closed-loop control is shown in the figure below.
friction compensation
additive
current
system
POScna| |4 e poS,
> s-control v-control —»()— I-control motor —— mechanic
- current

Fig. 18: Add friction compensation to the control loop of an axis

45111 Reverse the motion direction

Reverse and weight the friction curve
In the Stribeck curve model, a jump in feedforward control current occurs in the axis reversal pro-
cess (velocity zero crossing).
To prevent this discontinuity, the CNC monitors axis reversal. In this case, the friction model may
be weighted before and after zero crossing.
* Before zero crossing: time [number of CNC cycles]
* After zero crossing: Path distance covered [0.1 pm]

Axis compensations Page 77 /1 115



kernel | |ndustrielle Steuerungstechnik GmbH Axis compensations with compensation value lists
g
stribeck viscous
Fond friction friction
coulomb friction
0 velocity
pre weighting
1 0 time
post weighting
distance

Fig. 19: Weight friction model before/after zero crossing, on reversal from negative to pos-
itive velocity

If no reversal takes place, i.e. the axis is only decelerated and continues in the same direction, the
friction model is not weighted.

Friction compensation

Reverting S—
| detection pre pI:)t_s -
weighting
‘ v i Ll s O Additive
current
control
System
Semd n*T d S \Y + ¥t Sact
Ll:a - QO—e s-control ()= v-control I—» I-control |-— I
“A -

Fig. 20: Add friction compensation to the control loop of an axis

Axis compensations Page 78 / 115



kernel | |ndustrielle Steuerungstechnik GmbH

Axis compensations with compensation value lists

4.51.2

Parameterisation

Parameterise compensation values

The table for friction compensation must be programmed with ascending velocity and the velocity
must be = 0. This is checked when the list is downloaded list and, if applicable, the error mes-
sage P-ERR-110591 is output.

As of CNC Build V3.1.3079.06, use P-COMP-00062 [ 89] to define a maximum number of
table entries in the compensation value list. The entries actually used are defined in P-
COMP-00042.

Friction compensation parameters are defined in the compensation value list:

* Maximum number of table entries P-COMP-00062 [ 89] as of Build V3.1.3079.06
* Friction compensation mode P-COMP-00041

* Number of table elements P-COMP-00042

* Current build-up after direction reversal P-COMP-00043

» Current decay before direction reversal P-COMP-00044

* Scaling factor for compensation values P-COMP-00045

* Table entries for velocity P-COMP-00046

» Table entries for current P-COMP-00047

Friction compensation is only active when the mode (P-COMP-00041) is assigned
a value unequal to 0 and P-AXIS-00522 is set.

Only value 3 is permitted for P-COMP-00041

Programing Example

Parameterise friction compensation

frict comp.mode 3
frict comp.table entries 3
frict comp.position delay 30
frict comp.reversal lookahead 4
frict comp.scaling factor 10
frict comp.delay cycles 9
frict comp.table[0].in 0
frict comp.table[0].out 0
frict comp.table[l].in 316
frict comp.table[l].out 3722
frict comp.table[2].in 333
frict comp.table[2].out 3884
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Parameter verification

A consistency check takes place when compensation parameters are adopted. If the parameters
are not coherent, a related error message is output.

P-ERR-110591 Negative or non-ascending input values

P-ERR-110592 Unknown mode or no values specified
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4513 Select and deselect compensation

Activate/deactivate

By analogy to other compensations, compensation can be activated by a parameter in the axis
list or additionally by an NC command.

Enable use/activate

Compensation can only be applied if the parameter P-AXIS-00522 is set (TRUE) in the para-
meter list and the compensation value list is parameterised.

Behaviour after start-up

When friction compensation is selected, it is active directly after controller start-up regardless of
whether homing was executed.

Programming

In every case, compensation can also be activated or deactivated explicitly by the axis-specific
COMP command in the NC program.

Attention

! The COMP command is valid after program end. After activating or deactivating compensation,
the operator must also explicitly deactivate or activate it at program end.
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451.3.1 Programming
<axis_name>[COMP ON | OFF FRICT]

<axis_name> Name of the axis

COMP Identifier to select/deselect axis-specific compensation. Must always be programmed as
first keyword.

ON Activates programmed compensation(s)

OFF Deactivates programmed compensation(s)

FRICT Keyword for friction compensation

Programing Example

|</ >| Activates and deactivates friction compensation

N15 X[COMP ON FRICT] ;Activates X axis
N25 Y[COMP OFF FRICT] ;Deactivates Y axis
N35 X22 Y33 744

N45 X[COMP OFF FRICT] ;Deactivates X axis
N55 M30 ;Program end

Error message

If friction compensation must be activated with the COMP command but it was not activated by
the parameter P-AXIS-00522, the error message P-ERR-70495 is output.

Axis compensations Page 82/ 115



kernel | |ndustrielle Steuerungstechnik GmbH Axis compensations with compensation value lists

4514 Special features of drive parameters

Drive telegram

The drive must be fitted with a torque interface to be able to use friction compensation.

SERCOS

The additive torque setpoint must be configured in the cyclic log.
* S-0-0084 Torque feedback value
+ S-0-0081 Additive torque command value

CANopen

The related PDOs (process data objects) are similarly configured with CANopen.
» 6077 Torque actual value
» 60B2 Torque offset

4.5.2 Determine the parameters for the compensation value list

45.21 Determine parameters manually

Manual determination

Each of the compensation value list parameters can be determined “manually”.

To this end, the associated current (dig_drv.act_torque), e.g. in the scope, must be read off dur-
ing a motion at constant speed. The motor current during a motion at constant speed is mapped
in the figure below. It can be seen that the current is in the opposite direction to the speed.

1 1 | | 1
5.00 10.00 15.00 20.00 25.00 30.00

Fig. 21: Constant velocity (green) and associated current (black)
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4.5.3

Effect of friction compensation

Friction compensation reduces position lag and axis backlash. This boosts accuracy. Further-
more, the speed controllers are relieved, as a result of which the dynamic parameters can be
used to a greater extent without impairing the machining result.

The figure below shows the result of a circular transition test with compensation activated and de-
activated. Without compensation (blue), clear peaks are visible at the quadrant transitions, which
are reduced by compensation (red).

MC_20120321_XY_F5000

0.02}
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(=]
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-0.005 -
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Fig. 22: Circular t