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BEGKHOFF Notes on the documentation

Notes on the documentation

This description is only intended for the use of trained specialists in control and automation engineering who
are familiar with the applicable national standards.

It is essential that the documentation and the following notes and explanations are followed when installing
and commissioning the components.

It is the duty of the technical personnel to use the documentation published at the respective time of each
installation and commissioning.

The responsible staff must ensure that the application or use of the products described satisfy all the
requirements for safety, including all the relevant laws, regulations, guidelines and standards.

Disclaimer

The documentation has been prepared with care. The products described are, however, constantly under
development.

We reserve the right to revise and change the documentation at any time and without prior announcement.
No claims for the modification of products that have already been supplied may be made on the basis of the
data, diagrams and descriptions in this documentation.

Trademarks

Beckhoff®, TwinCAT®, TwinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10°, EtherCAT P®,
Safety over EtherCAT®, TwinSAFE®, XFC®, XTS® and XPlanar® are registered trademarks of and licensed by
Beckhoff Automation GmbH.

Other designations used in this publication may be trademarks whose use by third parties for their own
purposes could violate the rights of the owners.

Patent Pending

The EtherCAT technology is patent protected, in particular by the following applications and patents:
EP1590927, EP1789857, EP1456722, EP2137893, DE102015105702
with corresponding applications or registrations in various other countries.

—
EtherCAT.

EtherCAT® is registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The reproduction, distribution and utilisation of this document as well as the communication of its contents to
others without express authorisation are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event of the grant of a
patent, utility model or design.
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General and safety instructions BEGKHOFF

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
1. Indicates an action.
= Indicates an action statement.

A DANGER

Acute danger to life!

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

A CAUTION
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.

NOTICE

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.

NC programming example

Programming example (complete NC program or program sequence) of the described function or NC com-
mand.

® Specific version information

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

SN

Version: 1.06 TF5200 | TwinCAT 3 CNC
Commissioning of axis



BEGKHOFF Table of contents

Table of contents

Notes on the documMEeNtation........ .. s 3
General and safety INSTrUCLIONS ... s e s samnnn e e e e e e e s e s e nnnnn 4

I © 1YY V- 8
B % = o o =T -1 T T 4 o T L= 9
P20t B © 1YY V11 USRS 9
2.2 Drive type Specific iffErENCES ........coooiiieieeeee e 11
2.2.1 SERCOS drive with position control in the CNC controller ..., 11

2.3 Switching over axes t0 SIMUIAION ..........coiiiiiiiiie e e e e s nneeeees 11

B 0 1o o ] I8 Yo o 2P 13
R Tt B [0 o To 13 T3 1T o ISP R SO PPPR 13
3.1.1 Drive type specific diffEr&NCES ......uviiiiiiie e 13

R 5 U [ o1 SO RR PP 14
3.3 Overview of control I00P PAramMELEIS ..........eeeiiiiii it e e e e e 14
3.4 Resolution of the position Measuring SYSIEM..........cooiiiiiiii e 15
3.5  Sign for actual and cOMMEaNd VAIUES ............coiiiiiiiiiiiiii e 15

G T O o 11 o] g IWeTo] a T ] | 1=T e - o ISR 17
3.6.1 Arithmetical CalCulation: ...........uuiiiiiiee e 18

3.6.2 Experimental determination: ... 24

4 Drive enables/drive Status..........cccooiiiiiiiii e e e annnnnns 26
g B B {4 V= =T g =1 o] L= R RT S 26
I B L1V =1 (1 [ PR 27
4.3 Drive enables/drive status of drivVe tYPES ........eiii i 28
4.3.1 SERCOS AFIVES ...t e ettt ettt e e e et e e s ettt e e e s sttt e e e ansste e e e s anneeeeeeennneeeas 28

5 Special features when using stepper MOtOrs...... ... e 29
STt N 1= o 1= = | PRSP 29
5.2  P0SSIble CONfIGQUIAtIONS ......ooiiiiiiii et e e e e e nneeeeas 29
5.21 Operation WithoUt €NCOAET ... 29

5.2.2 Operation With ENCOAET ..........cooiiiieee e 30

L RC T U o 1 o] o TN (=] 1 To 1 o] o <SOSR 30

LTS W] 'oT o o] o =g o IR Y=Y VT OSSPSR 31
T = 32
TF5200 | TwinCAT 3 CNC Version: 1.06 5

Commissioning of axis



Table of contents BECKHOFF

6 Version: 1.06 TF5200 | TwinCAT 3 CNC
Commissioning of axis



BEGKHOFF List of figures

List of figures

Fig. 1 AXis _1is lINKed t0 SECOS AV ......coiiiiiiiiie ettt 11

Fig. 2  AXis_1is Set 10 SIMUIAtION ... ..o e e e e e 12

Fig. 3  Overview of the position control loop for conventional drives. ..........ccccceeiiiiiiiiiiiiiiiieeeee e, 14
TF5200 | TwinCAT 3 CNC Version: 1.06 7

Commissioning of axis



Overview BEGKHOFF

1 Overview

Task

This document describes how to parameterise axes in the CNC controller.

« It describes the axis parameters and PLC signals required for start-up.

* Itis assumed that basic machine configuration (number of axes, number of channels) is already
complete and the controller starts up without any warnings or error messages.

Properties

This documentation focuses on examples for start-up and parameter definition for axes in SERCOS drives.
The chapters contain tables listing other drives, possible operation modes and dependencies on drive types.

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.

8 Version: 1.06 TF5200 | TwinCAT 3 CNC
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BEGKHOFF Axis operation modes

2 AXxis operation modes

2.1 Overview

Axis operation mode

CNC axes can be divided into axes with drive-internal or CNC-internal position control. Both operation
modes are possible for SERCOS drives. An axis operation mode can be defined in the axis parameter P-
AXIS-00320 (operation_mode).

® The axis parameter P-AXIS-00320 (operation_mode) is only used for SERCOS axes.

1

Variable name Type Permitted range Axis type |Dimension
operation_mode ISG_CHAR |see strings below T,R -

String Meaning

DRIVE_DEFAULT Default setting The operation mode used (position control in the drive,

position control in the controller, velocity control, etc.) is defined
automatically. It depends on the drive type and on the configured

telegram.

DRIVE_POSITION_CONTROL In this operation mode, position and velocity control take place in the
drive.

CNC_POSITION_CONTROL Position control takes place in the controller.

TF5200 | TwinCAT 3 CNC Version: 1.06 9
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BECKHOFF

Default setting

If no operation mode is specified for an axis, the controller uses the default setting. The table below shows
an overview of the possible operation modes depending on the drive type (default setting marked).

Drive type Position controller in drive |Position controller in controller
Conventional drive X (default)

SERCOS X (default) X

ProfiDrive MC X (default) X

Drive simulation X (default)

Lightbus X (default)

Terminal (£10V) X (default)

Real-time Ethernet X (default)

CANopen X (default) X

Virtual X (default)

Remark for ProfiDrive / CANopen

With ProfiDrive drives, the position lag is also calculated in the controller in “Position control in drive” mode.

With CANopen drives, the operation mode is selected depending on the bus telegram configured. Position
control takes place in the drive if command positions are transferred. However, if only a velocity command

value is transferred to the drive, position control takes place in the controller.

10
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BEGKHOFF Axis operation modes

2.2 Drive type specific differences

221 SERCOS drive with position control in the CNC controller

Position control with SERCOS

With SERCOS drives, position control generally takes place in the drive. Alternatively, the drive can operate
in “velocity control” mode and position control then takes place in the CNC controller.
The following requirements must be met for position control in the CNC controller:

» The “velocity control” mode is enabled in the SERCOS drive.

» The set velocity is transferred to the drive (the telegram contains S-0-0036).

» The actual drive positions are transferred to the controller (the telegram contains S-0-0051, S-0-0053
or S-0-0386).
* CNC position control (CNC_POSITON_CONTROL) is selected for the axis mode (see P-AXIS-00320).

Limitations of position control in the CNC
If position control takes place in the CNC controller, the following limitations exist compared to the “position
control in drive” mode:

* No drive-controlled homing is possible. Instead, CNC-controlled homing is carried out.

» Currently, no zero pulse search is possible with CNC-controlled homing for SERCOS drives. Therefore,
specify the axis parameter P-AXIS-00084 (homing_without_zero_pulse) as 1.

» No bus delays are considered to calculate the position lag (cf. P-AXIS-00191) .

2.3 Switching over axes to simulation

For test and development purposes, it is sometimes practical to move axes using the "Simulation" drive type.
You can use the parameter P-AXIS-00790 to quickly switch between real drive and simulation.

This allows you to switch over axes to simulation without changing the configuration. When you switch back
to the real drive type, you do not need to link the axes again.

When the parameter is activated in the default axis parameter list Activated, all axes are set to simulation.
Individual axes can be excluded from this operation by deactivating the parameter in the axis parameter list.

Prajektmappen-Explorer Suchen und Ersetzen 2 Termpordres Umschalten Betriehsart & X
= T _ = " .
@ o-a s |E| &llgemein  Konfiguration  Parameter  Eingang  4usgang  Online  Param List
Projektmappen-Explorer durchsuchen (Strg+) P~
B . [Werkniipft mit... | |.&ntrieb‘| [f={5191-0000-0214)
=+ Prozessabbild =
b Compensations Achstyp: SERCOS Achse (2. B. EtherCAT SoE Drive, dxZua-B750) w
L
4 o Achien Spindel O
4  imf Achse 1
a Eingange Drefault Kanal K.anal_1 ~
& Drive status word Drefault Mame: D efault Indesx: 0 =
51 WcState
! Position feedback 1walue WVorschub Achse:
2 Following distance
1 Probe status Zufiigen/lgzchen Kompensationstabells
& Welocity feedback 1 wvalue
4 [ Ausginge
BB Master control word
BB Reserved
B Position command walue
4 im Achse 2

Fig. 1: Axis _1 is linked to SECOS drive

TF5200 | TwinCAT 3 CNC Version: 1.06 11
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Axis operation modes

If you do not use P-AXIS-00790, you must switch the axis type to "Simulation" for each individual axis when
you switch to simulation. This results in losing all links to process data, see figure below. When switching
back to the real drive type, you must re-establish the link to the correct drive for each individual axis

= B = Suchen und Erietzen 3 Temporires Umschalten Betriebsart & X

Prajektmappen-Explorer

. —
@ B-S Sl= Algemein  Forbjuislon Pasmeter Engsng fumgeng Onne  Paam List
Progektmappen-Explarer durchiuehan {Srg+a) b=
Wiatknupll mal_
% Prozessvbbild . -
o Compeniations Bechsiye Samadation w
4 Ja Aeheen 5 1 O
4 e Achee 1
Eingdnige Diefaeit Kanat Fanal_1 w
B fusginge Defoult Name: [ | Delsdindsc [0 5
F] 5E_L
i Finginge Vopchub Aches [
& Drrve stabus word
&1 Weltate Zidugervixchen Eompensstionstabele

% Postion feedbiack 1value

Fig. 2: Axis_1 is set to simulation

The status of the link for the axis is retained when you use P-AXIS-00790. As a result, the above-mentioned
work steps are not required. All axes can also be switched to simulation simultaneously using the default

axis parameter list.
This functionality is available as of V2.11.2055 ; V2.11.2827 ; V3.1.3079.39 ; V3.1.3107.28.

1
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3 Control loop
3.1 Introduction
3.1.1 Drive type specific differences

Depending on the drive type, the actual position controller for the axes is implemented in the CNC or in the
drive.

With an intelligent drive, the drive assumes position control. The axis parameters for the position control loop
are carried out by corresponding drive parameters. In this case, the CNC position control loop is disabled.
The CNC assumes monitoring functions only (e.g. position lag monitoring or collision monitoring) and
supplies command value cyclically to the drive.

On the other hand, if the CNC position controller is used (e.g. Terminal drive type), a manipulated variable is
output cyclically to the drive. This manipulated variable contains the appropriate normalisations based on the
set axis parameters.

The table below shows the effect of the above parameters with different drive types:

Position controller..

..in the drive |..in the controller
Drive type SERCOS SERCOS ProfiDrive  |Lightbus Terminal
Parameter MC (£10V)

Measuring system X X X X
resolution
wegauf_z,
wegauf_n
Gain factor of P X X X X
position control loop
Kv

Adaptation to D/A X X X
multi_gain_z,
multi_gain_n
Sign X X X X
vz_stellgr,
vz_istw

Before starting up the axes, check the electrical safety devices of the axes, especially the
emergency stop devices and hardware limit switches. They must be operational.

TF5200 | TwinCAT 3 CNC Version: 1.06 13
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3.2 Units

The following units are generally used in the axis parameter lists:

Size Unit

Position linear 0.1 ym

Position rotary 0.1x1010%

Velocity 1um/sor10°/s

Acceleration 1 mm/s?

Time us

Position controller gain (Kv) 0.01*1/s

3.3 Overview of control loop parameters

The graphic below shows the position control loop used and the contact points of the drive parameters that
are explained in the sections below.

E wegauf_zj :
 wegauf no.

Postion controler ymylti gain zf
- @000 imulti gain ni !

Clozed loop contralled sy stermn

Contauring

%_command + erar v_command i E: i N i %_actual
—p—

F .

Fig. 3: Overview of the position control loop for conventional drives.
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3.4 Resolution of the position measuring system

Configuration of the conversion factor

To convert the increments supplied by the position measuring system to the metric system (the unit used
internally), the conversion factor must be entered in the two entries getriebe[x].wegaufz and
getriebe[x].wegaufn. If gears are present, they must also be taken into consideration. The resolution is
specified as a fraction and the dimension is increments/0.1 um and Increments per 0.0001°.

Example 1

For an incremental encoder with 4096 increments and a spindle pitch of 5 mm, the resolution is 4096 incre-
ments per 5 mm. Therefore, enter the following data in the axis parameter
list:getriebe[0].wegaufz 4096getriebe[0].wegaufn 50000

Example 2

In addition, if a gear is used with a gear ratio of i = 10:1, the distance per motor revolution is 5 mm /i. This
results in the following for wegaufz and wegaufn:getriebe[0].wegaufz 4096getriebe[0].wegaufn 5000

Variable name Type permitted range Dimension
wegaufz SGN32 |MAX(SGN32) — wegaufz — 1 Incr.
P-AXIS-00234

Variable name Type permitted range Dimension
wegaufn SGN32 |MAX(SGN32) — wegaufn — 1 0.1um or
P-AX1S-00233 0.0001°

® Each of these entries is not directly adopted when the axis parameter list is up-
1 dated. A controller restart is required.

@ For SERCOS drives with position control in the controller (CNC_ POSITION_CONTROL mode), the
path resolution of the measuring system is taken into consideration in the feedrate constant
S-0-0123, i.e. the value 1 results for the quotient P-AXIS-00234/ P-AXIS-00233.

3.5 Sign for actual and command values

Inversion

To adapt the manipulated variable and the position sensor signals to the hardware used, it is sometimes
necessary to invert the signs for the manipulated variable and the position actual value.

The axis is programmed in the positive direction. However, the mechanical system actually moves in the
negative direction.In this case, use the two entries Ir_hw[ ].vz_stellgr and Ir_hw][ ].vz_istw.The manipulated
variable output is inverted by setting vz_stellgr to 1; when vz_istw is set to 1, an increase in the position of
the position sensor results in a reduction of the axis position used in the CNC ker-

nel.lr_hw[0].vz_stellgr  Olr_hw[0].vz_istw 0

Variable name Type Permitted range Dimension

vz_stellgr BOOLEAN |0, 1 -

Variable name Type Permitted range Dimension

vz_istw BOOLEAN |0, 1 -—

TF5200 | TwinCAT 3 CNC Version: 1.06 15
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® Each of these entries is not directly adopted when the axis parameter list is up-
1 dated. A controller restart is required.

16 Version: 1.06 TF5200 | TwinCAT 3 CNC
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3.6 Position controller gain

Gain

The CNC position controller uses a P controller for position control. The controller gain is defined by the
parameter getriebe[x].kv of dimension 0.01/s.

In a stationary case, the following applies when a control loop is set correctly:

SZE

Where
s: position lag
v: axis velocity
kv: position controller gain
To set a position controller gain of 3/s, the following entry is required in the axis parameter list:

getriebe[ ].kv 300

Variable name Type permitted range Dimension

kv UNS32 at |0 < kv— MAX(UNS32) 0.01/s
the
MC_Read
AxisError
function
block at
its
AxisErrorl
D output

Adapt the manipulated variable to D/A converter format

The two entries P-AXIS-00129 (getriebe[x].multi_gain_z) and P-AXIS-00128 (getriebe[x].multi_gain_n) are
used to adapt the manipulated variable calculated from the position lag to the D/A converter format.

The fraction P-AXIS-00129 / P-AXIS-00128 results in the conversion factor of the manipulated variable into
the D/A converter format and is also referred to as the multi-gain factor.

There are 2 possibilities to calculate P-AXIS-00129 and P-AXIS-00128:

1. Arithmetical calculation [»_18]:

Specify the digital value at the D/A converter input at which the axis moves at a velocity of [1m/min] or [1000
°/min]. To calculate multi_gain_z/multi_gain_n arithmetically, gear ratios, spindle pitch and the scaling factors
acting on the velocity command value on the drive side must be known.

2. Experimental determination [P_24]:

Derived from position lag and axis velocity.

The entries P-AXIS-00129 and P-AXIS-00128 are provided solely to adapt the format of the manipulated
variable. To optimise the control loop, use the position controller gain factor P-AXIS-00099 (getriebe[].kv).

TF5200 | TwinCAT 3 CNC Version: 1.06 17
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3.6.1 Arithmetical calculation:

The multi-gain factor is defined as the value of the manipulated variable at which the axis moves at a velocity
of 1 m/min or 1000 °/min.

This section provides examples for calculating the multi-gain factor arithmetically for a Lightbus drive and for
a Terminal drive. The gain factors of all transmission elements between the controller velocity command
value output through to the moved axis are required to calculate the multi-gain factor arithmetically. They
include:

» Scaling factors acting on the velocity command value
+ Gear ratios
» Spindle pitches etc.

The procedure is always identical:

1. Calculate the conversion factor f between motor revolutions per minute and the command value trans-
ferred in the cyclic telegram.

2. Calculate the motor speed n1m/min required to move the axis at a velocity of 1 m/min or 1000 °/min.
3. The ratio between P-AXIS-00129 and P-AXIS-00128 is then equal to the product f * n1m/min.

@ Fora SERCOS drive with position control in the controller, the scaling factor (P-AXIS-00129/ P-
AXIS-00128) is the velocity command value S-0-0036 that should be output to the drive so that the
1 axis moves at a velocity of 1 m/min (translatory axis) or 1000 °/min (rotary axis).

The scaling factor is dependent on:

 the feed rate constant S-0-0123

+ the weighting factor S-0-0045 and the weighting exponent
S-0-0046 of the velocity data in the drive

 the gear ratios S-0-0121 and S-0-0122

18 Version: 1.06 TF5200 | TwinCAT 3 CNC
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3.6.1.1 Example: Lightbus drive

With a Lightbus drive, the parameter VUNIT is assigned the value 1 in the default factory parameter
definition. This means that the specified velocity for the drive takes place in revolutions per minute (rpm).

Step 1 of 3:

According to the manufacturer’'s documentation, the conversion factor between revolutions per minute and
the command value transferred in the cyclic telegram is:

1048576-32 . DA Digits
= — B —_—
4000 = 60 uy
min
The value 140 (rounded) must be output to rotate the motor at a speed of one revolution per minute.
Step 2 of 3:

To reach a speed of 1 m/min, the following motor speed is required at a spindle pitch of 5 mm and a gear
ratio of i = 1:1

1 mz’(miﬂ . 1000 mmf(min

s - osmmy .,

ﬂ1.'rr1|.".'rrzz':rt -

=200 Tevf’min

Step 3 of 3:

At a velocity scaling factor f, the output velocity command value for 1 m/min is:

DA Digits
DA_GHtlm; = f #*MNim; = = 139,81{]1 Ter s
fmin fmin fmiﬂ

= 27962,02 DA _Digits

*200 €Y fpin

This results in the following value:

e o _PoAXIS 00120
MU gam = o axIs —oo12g o

Alternatively, multi_gain can be calculated using the following equation:

P—_AXIS —00120 107 P — AXIS — 00034
P_AXIS —00128  I., P—AXIS —00033 ~ '

multi _gain =
where |, is the number of encoder increments per motor revolution. For a Lightbus drive, this results is 65536
increments per revolution.

A spindle pitch of 5 mm/revolution and 65536 increments per revolution result in wegauf z=65536 and
wegauf_n=50000.

P — AXIS — 00129 107 65536 1048576 » 32
P — AXIS — 00128 _ 65536 50000 4000 = 60

multi_gain =

The possible values for P-AXIS-00129 and P-AXIS-00128 would then be:

P-AX1S-00129 27962 279620 2796202
P-AXIS-00128 1 10 100
TF5200 | TwinCAT 3 CNC Version: 1.06 19
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3.6.1.2 Example: Terminal spindle

A spindle is activated by a D/A converter terminal KL4032; a voltage of 10 V at the input of the drive
controller corresponds to a speed of 9000 rpm; no gear is present. With the D/A converter terminal KL4032,
a digital output value of 32767 (Ox7FFF) is equivalent to an output voltage of 10 V with default scaling.

Step 1 of 3:
The conversion factor between rpm and the command value transferred in the cyclic telegram is then:

32767 = DA Digits

10V DA_DigEtS
[ = ogop.zer 3OS T —
miin min
10V

A value of 3.64 would therefore be output to the D/A converter in order to rotate the spindle at a speed of 1
rpm.

Step 2 of 3:

To reach a speed of 1000 °/min, the following motor speed is required:

1000 /..
nim; = J = 277787V}
e 360 frrev ‘

Step 3 of 3:
At a velocity scaling factor f, the output velocity command value for 1000 °/min is:
DAD,-Q,-H rev
Damm_,-m_ﬂ =frmm; = =3,6408 —55; +27778 —
min

= 10,1134 DAp; e

The value of multi_gain is therefore:

lti_gain = ~— o> — 00129 _ 151134
MU gam = RIS —oo128 .

The possible values for P-AXIS-00129 and P-AXIS-00128 would then be:

P-AXIS-00129 10 101 1011
P-AX1S-00128 1 10 100
20 Version: 1.06 TF5200 | TwinCAT 3 CNC
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3.6.1.3 Example: Terminal spindle with gear

A spindle is activated by a D/A converter terminal KL4032; a voltage of 10 V at the input of the drive
controller corresponds to a speed of 9000 rpm; the motor is fitted with a gear which has a gear ratio of i=5 (5
motor revolutions correspond to one revolution at the gear output). With the D/A converter terminal KL4032,
a digital output value of 32767 (Ox7FFF) is equivalent to an output voltage of 10 V with default scaling.

Step 1 of 3:

As in the previous example, the conversion factor between motor revolutions per minute and the command
value transferred in the cyclic telegram is:

27767 » DADigits

10V DH_DiﬂifS
f = oop .z ¥ ONS TEew —
min min
10V

A value of 3.6408 would therefore be output to the D/A converter in order to rotate the spindle motor at a
speed of 1 rpm.

Step 2 of 3:
Now the use of a gear becomes noticeable.

To reach a speed of 1000 °/min, the following motor speed is required:

1000 /.
nim; = -

,  =——s—""sj=138880 7V .
'min 260 -Hril"ﬁ?v .flrm.,n

Step 3 of 3:

At a velocity scaling factor f, the output velocity command value for 1000 °/min is:

DAD,-Q,” rev
DA outim; = fs+num; = 36408 —5—= 13,8889 —
' min fmin min

min

= 50,5668 DA_Digits
The value of multi_gain is therefore:
P — AXIS — 00129

multi _gain :P—AXI.S'—D[112E = 30,3668

The possible values for P-AXIS-00129 and P-AXIS-00128 would then be:

P-AX1S-00129 50 506 5057
P-AXIS-00128 1 10 100
TF5200 | TwinCAT 3 CNC Version: 1.06 21
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3.6.1.4 Example: CNC-controlled, translatory axis with SERCOS Drive

The linear axis moves by 1 mm per motor revolution. The position data in the drive are weighted for

translatory movements:
Weighting factor: S-0-0077 = 1
Weighting exponent: S-0-0078 = -7

The path resolution of the measuring system is therefore:

1077"m = 0,1pm

A path motion of 1 mm per motor revolution results in a feedrate constant of:

1mm
S-0-0123= ———=10000
0. 1um

A translatory weighting is also used for velocity data:
Weighting factor: S-0-045 = 1
Weighting exponent: S-0-046 = -4

The weighting factor for velocity is therefore:

—4 M
min

Manipulated variable scaling is therefore:

m

P—AXIS — 00129 multigainz 1,z 10000
P—AXIS — 00128  multi_gain.n  qg-s-2- 1
min
Excerpt from the axis parameter list
getriebe[0] .wegaufz 1
getriebe[0] .wegaufn 1
getriebe[0] .multi gain z 10000
getriebe[0] .multi gain n 1
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3.6.1.5 Example: CNC-controlled, rotary axis with SERCOS drive

The encoder supplies 65536 increments per revolution (S-0-0116). The rotation resolution in the drive is

therefore specified by S-0-0079 = 65536.
The resolution of the position measuring system is therefore:
P—AXI5 —00234  wegauf; 63536 Increments
P — AXIS — 00233 wegauf, 360 + 10~4 degree
635306 Increments
"~ 3600000 : 0.0001%

The drive uses a rotary weighting for speeds:
Weighting factor: S-0-045 = 1
Weighting exponent: S-0-046 = -4
The weighting factor for the speeds is:
rev 360°
= 1074

min min

1074

The scaling required for the manipulated variable is therefore:

P — AKIS — 00129  multi_gainz 1000 — 10000000
P — AXIS — 00128 = multi_gain n~ 45-4360° — 360
min
Excerpt from the axis parameter list
getriebe[0] .wegaufz 65536
getriebe[0] .wegaufn 3600000
getriebe[0] .multi gain z 10000000
getriebe[0] .multi gain n 360
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3.6.2 Experimental determination:

Alternatively, the ratio multi_gain_z/multi_gain_n can be determined experimentally. The actual gain acting in
the position control loop can be determined from the position lag and axis velocity when the axis is moving at
constant speed according to the equation:

p=t

&
The gain determined experimentally is compared with the kv factor (P-AXIS-00099) set in the axis parameter
list:
P — AXIS — 00099 /
— 100
f= k

Then the new multi-gain factor is calculated starting from the currently parameterised values of multi_gain_z
and multi_gain_n:

o o _ P AXIS 00120, P AXIS - 00129,
MU §0tew = avIs _00128,,, P — AKIS —00128_,,

After completing a parameter change, the parameters must be checked again using equation 1. To further
optimise the position control loop, the parameter P-AXIS-00099 (getriebe[].kv) is used exclusively.

If factor f is greater than 1, the total gain in the position control loop increases when the multi_gain factor is
changed. This may cause the axes to oscillate. In such cases, set the position controller gain P-
AXIS-00099 to the value P-AXIS-00099 / f in order to maintain total gain in the position control loop con-
stant.
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Position lag and gain in the position control loop:

position lag s = 1,9 mm, axis velocity v = 200 mm/min, P-AXIS-00099 = 400 * 1/s, multi_gain_z =
multi_gain_n = 1.

Actual gain in the position control loop:

k=v/s =200 mm/ (60 s* 1.9 mm)

k=175

The ratio between parameterised gain and actual effective gain results from equation 1:

P— AXIS — EIEIEI'EI'EII.’
— 100
f= - = 2,286

The multi-gain factor is therefore.

P — AXIS —00129,,,
TP — AXIS — 00128

1
multi _gaing g, = Ia 2,286 = 2,286

new
Possible entries in the axis parameter list would then be:
P-AXIS-00129: getriebe[ ].multi_gain_z 2286
P-AXIS-00128: getriebe[ ].multi_gain_n 1000

Since these entries increase total gain in the position control loop by the factor f, P-AXIS-00099 should also
be multiplied by the factor i/f to maintain total gain in the control loop constant:

P — AXIS — 00099,,; 400
P — AXIS — 00099, = =

new f 2286 ~17°

After checking the parameters calculated based on equation 1, the position control loop can be further
adjusted by changing P-AXIS-00099.
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4 Drive enables/drive status

4.1 Drive enables

To move a drive, the PLC must set enable bits on the HLI. The PLC can set the required enables by
activating the associated control units. For more information on the HLI (High Level Interface) and how to
handle control units, please refer to the [HLI] documentation.

The HLI enable bits are normally transferred to the drive amplifier together with the cyclic drive data and act
directly in the drive. In addition, plausibility checks are carried out in the NC kernel using the drive enables.

For example, if the required enables are not set, an error message is output if an attempt is made to move
an axis with the NC.

Enables act on individual axes. For more information, please refer to the HLI documentation in the section
Status information of an axis drive.

The control units for drive enables are:
* MCControlBoolUnit_DriveOn: Drive on (abbr.: DriveOn).

« MCControlBoolUnit_TorquePermission: Activate the drive-internal position or speed controller. The
drive generates a torque and goes to control (abbr.: TorquePermission).

+ MCControlBoolUnit_ReleaseFeedhold: Reset drive-internal feedhold (abbr. ReleaseFeedhold).

Since not all drive types in the above list support the functions described, the table below provides an
overview of the enables required for each of the drive types. Each of the drive types is then described in
detail in the following sections.

An X in the table indicates that the drive supports the function and the related enable must then be set on the
HLI.

Control unit SERCOS |PROFI- Terminal |Lightbus |RT CANopen
drive DRIVE drive drive Ethernet drive
drive drive
DriveOn X X X
TorquePermission X X X X X X
Release Feedhold X X
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4.2

Digital drives supply information on the internal drive status in the cyclic telegram. This information is
evaluated internally in the NC kernel and sent to the HLI for the PLC.

Drive status

For CNC versions up to Version V2.11.20xx
The state signals can be read out in section
pAC[achs_index]*.addr*.StateLR_Data
(achs_index starts at 1).

The following signals are applied there:
+ X_ReadyPowerOn: The drive is ready for power connection
+ X_ReadyControlLoopOn: The drive goes to control. Once the corresponding drive enables [»_26] are
set, the drive obeys the positions specified by the NC kernel.

For CNC versions as of V2.11.2800

The state signals can be read out in the section
gpAx[achs_index].Ir_state.StateLR_Data
(achs_index starts at 0).

The following signals are applied there:
» ready_for_power_on_r: The drive is ready for power connection

» ready_for_control_loop_on_r: The drive goes to control. Once the corresponding drive enables [P 26]
are set, the drive obeys the positions specified by the NC kernel.

Depending on the drive type, not all signals are supported on the HLI. The table below contains an overview
of the state signals supported by each drive type:

Commissioning of axis

State signal SERCOS PROFI- Terminal |Lightbus |RT CANopen
drive DRIVE drive drive Ethernet |drive
drive drive
ReadyPowerOn X X X X X
ReadyControl-LoopOn |X X X
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4.3

Drive enables/drive status of drive types

4.3.1 SERCOS drives

The following enable and state signals are supported on SERCOS drives.

MCControlBoolUnit_DriveOn:
Enable power connection in the drive (abbr.: DriveOn). This enable signal is entered directly in Bit 15 of
the SERCOS control word.

MCControlBoolUnit_TorquePermission:
Activate drive-internal position or speed controller. The drive goes to control (abbr.: TorquePermission).

MCControlBoolUnit_ReleaseFeedhold:
Reset drive-internal feedhold (abbr: ReleaseFeedhold).

ready_for_power_on_r (for CNC versions as of V2.11.2800)
or X_ReadyPowerOn (for CNC versions up to V2.11.20xx):
The drive is ready for power connection

ready_for_control_loop_on_r (for CNC versions as of V2.11.2800)
or X_ReadyControlLoopOn (for CNC versions up to V2.11.20xx):

The drive is ready to go to control. Once the corresponding drive enables [P 26] are set, the drive obeys
the positions specified by the NC kernel.
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5 Special features when using stepper motors

5.1 General

Stepper motors can be connected to the CNC by the terminals
 single-channel pulse train output terminals
* single-channel stepper motor terminals with/without incremental encoder interface

. Velocity command values output by the CNC through these terminals are converted to a signal format
suitable to control stepper motors.

The single-channel pulse train output terminal generates an output signal suitable to control a stepper motor
power output stage (e.g. a pulse/direction signal). The single-channel stepper motor terminals already
contain power output stages for the direct control of 2-phase stepper motors.

5.2 Possible configurations

All the terminals listed above supply the number of currently output steps in the process map. The stepper
motor terminal with incremental encoder interface also offers the option of connecting an incremental
encoder directly to the terminal.

5.21 Operation without encoder

When operating without encoder, the impulses generated by the terminals are sent to the CNC-internal
position controller as actual position. The velocity command values calculated by the position controller are
output to the stepper motor terminal and cause the stepper motor to move.

Since the drive is operated in a pseudo position control loop, the stepper motor is parameterised in the axis
parameter list similarly to the parameter definition of a drive with +/-10 V interface. This also takes place
when velocity feedforward control is used.

In this operation mode, there is no real axis position feedback. Axis position lag monitoring is not possible.

Since a stepper motor stands still in the event of dynamic overload or it can lose steps (stepper motor falls
out of step), special care is required when dimensioning the motor and parameterising the dynamic
parameters of the motor.
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5.2.2 Operation with encoder

When operating with encoder, the position actual value of an encoder is supplied to the position controller as
a real position actual value of the motor. This takes place when the drive is configured by linking the encoder
input of the axis to an encoder terminal and not by the position feedback of the stepper motor terminal.

An incremental encoder can be directly connected to the stepper motor terminal with incremental encoder
interface. In this case, parameterise the terminal so that it displays the encoder signal in its output process
map.

Even when operated with encoder, a stepper motor can stand still if subjected to dynamic overload or lose
steps (stepper motor falls out of step). As a result, special care is required when dimensioning the motor and
parameterising the dynamic parameters of the motor

@ However, as opposed to operating without encoder, it is possible to use position lag monitoring.

1

5.3 Function restrictions

Since the terminal KL2541 may not be provided with a position value latched in the terminal in the cyclic
process map, the following functions are not available:

» Referencing to zero pulse
* Measuring

If they are activated anyway, an error message is output and the value is corrected automatically.
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6 Support and Service

Beckhoff and their partners around the world offer comprehensive support and service, making available fast
and competent assistance with all questions related to Beckhoff products and system solutions.

Download finder

Our download finder contains all the files that we offer you for downloading. You will find application reports,
technical documentation, technical drawings, configuration files and much more.

The downloads are available in various formats.

Beckhoff's branch offices and representatives

Please contact your Beckhoff branch office or representative for local support and service on Beckhoff
products!

The addresses of Beckhoff's branch offices and representatives round the world can be found on our internet
page: www.beckhoff.com

You will also find further documentation for Beckhoff components there.

Beckhoff Support

Support offers you comprehensive technical assistance, helping you not only with the application of
individual Beckhoff products, but also with other, wide-ranging services:

* support
+ design, programming and commissioning of complex automation systems
» and extensive training program for Beckhoff system components

Hotline: +49 5246 963-157
e-mail: support@beckhoff.com
Beckhoff Service

The Beckhoff Service Center supports you in all matters of after-sales service:
* on-site service
* repair service
* spare parts service
 hotline service

Hotline: +49 5246 963-460
e-mail: service@beckhoff.com
Beckhoff Headquarters

Beckhoff Automation GmbH & Co. KG

Huelshorstweg 20

33415 Verl

Germany

Phone: +49 5246 963-0

e-mail: info@beckhoff.com

web: www.beckhoff.com
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