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BEGKHOFF Foreword

1 Foreword

1.1 Version numbers

@® Provision of revision levels
1 On request, you can obtain a list of revision levels for changes in the operating instructions.
» Send your request to: motion-documentation@beckhoff.de

Origin of the document

These operating instructions were originally written in German. All other languages are derived from the
German original.

Product features

Only the product properties specified in the current operating instructions are valid. Further information given
on the product pages of the Beckhoff homepage, in emails or in other publications is not authoritative.

AX5000 Version: 1.9.1 7
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1.2 Notes on the documentation

This description is intended exclusively for trained specialists in control and automation technology who are
familiar with the applicable national standards.

For installation and commissioning of the components, it is absolutely necessary to observe the
documentation and the following notes and explanations.

The qualified personnel is obliged to always use the currently valid documentation.

The responsible staff must ensure that the application or use of the products described satisfies all
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 notice.

No claims to modify 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 and licensed trademarks of
Beckhoff Automation GmbH.

If third parties make use of designations or trademarks used in this publication for their own purposes, this
could infringe upon the rights of the owners of the said designations.

Patents

The EtherCAT Technology is covered, including but not limited to the following patent applications and
patents:

EP1590927, EP1789857, EP1456722, EP2137893, DE102015105702

and similar applications and registrations in several other countries.

—
EtherCAT.

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

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The distribution and reproduction of this document as well as the use and communication of its contents
without express authorization are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event that a patent, utility
model, or design are registered.

8 Version: 1.9.1 AX5000
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2 For your safety

Read the section on safety and heed the notices to protect yourself against personal injury and material
damages.

Liability limitations

All the components of the servo drive AX5000 are supplied in certain hardware and software configurations
appropriate for the conditions of the application. Unauthorized modifications to the hardware and/or software
configurations other than those described in the documentation are not permitted, and nullify the liability of
Beckhoff Automation GmbH & Co. KG.

In addition, the following actions are excluded from the liability of Beckhoff Automation GmbH & Co.
KG:

 Failure to comply with this documentation
* Untrained personnel
» Use of unauthorized spare parts

2.1 Staff qualification

Only technical personnel with knowledge of control and automation technology may carry out any of the
illustrated work steps on the Beckhoff software and hardware, in particular on the servo drive AX5000.

The technical personnel must have knowledge of drive technology and electrical systems and must also
know how to work safely on electrical equipment and machines.

This also includes:
» work preparation and
 securing of the working environment (e.g. securing the control cabinet against being switched on
again).

The technical personnel must be familiar with the current and necessary standards and directives for the
automation and drive environment.

AX5000 Version: 1.9.1 9
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2.2 Description of symbols

In this documentation the following symbols are used with an accompanying safety instruction or note. The
safety instructions must be read carefully and followed without fail!

Symbols that warn of personal injury:

A DANGER

Serious risk of injury!
This is an extremely dangerous situation. Disregarding the safety notice will lead to serious permanent
injuries or even death.

Risk of injury!
This is a dangerous situation. Disregarding the safety notice may lead to serious injuries.

A CAUTION

Personal injuries!
This is a dangerous situation. Disregarding the safety notice may lead to minor injuries.

Symbols that warn of damage to property or equipment:

Warning of damage to property or the environment!

This notice indicates disturbances in the operational procedure that could damage the product or the
environment.

Symbols indicating further information or tips:

Tip or pointer!

This notice provides important information that will be of assistance in dealing with the product or
software. There is no immediate danger to product, people or environment.

i o

UL note!
This symbol indicates important information regarding UL certification.

jmi o

10 Version: 1.9.1 AX5000
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3 Asynchronous motors - Special functions

The following functions are integrated in the AX5000 servo drive for operating an asynchronous motor with
encoderless control:

« Stall protection controller
» Acceleration controller

Further documentation on asynchronous motors:

o
1 Further information on the function of asynchronous motors and their parameterization can be found
in the AX5000 - System Manual Chapter 9 at:
Electrical Installation -> Motors -> Motor Types -> Asynchronous Motors.

3.1 Stall protection controller

Terminology

With reference to this documentation, the term KSR is often used for the functional description of
the stall protection controller.

ji o

Reference values of the acceleration and stall protection controllers Documentation:
P-0-0092; P-0-0093; P-0-0112; P-0-0115; P-0-0116; P-0-0117

i o

AX5000 Version: 1.9.1 1
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3.2 General Information

Speed reduction due to sudden load increase at constant speed in a machining operation (e.g. penetration of
a drill bit into solid material) is implemented from firmware v2.03 by means of stall protection controller (KSR)
function.

Special feature asynchronous motor

This function is only suitable for asynchronous motors without feedback system. The stall protection
controller replaces the current controller. The maximum torque of an asynchronous motor is also the
breakdown torque. If the max. set torque is exceeded, an uncontrolled condition of the motor occurs. The
result is an overcurrent error F2A1.

Typical torque / speed curve of an asynchronous motor

Breakdown torque
I, [A]

Starting torque
- L [A]
Rated torque
o I, [A
Z .
|9 —
Speed / \
n [min’] Rated speed Idle speed

The diagram describes the characteristic curve at a rotary field frequency.

When operating with a stall protection controller, an attempt is always made to avoid the non-permissible
range. A setpoint specification may not be adhered to as a result. If this is the case, your PLC must take
appropriate measures to restore permissible operation.

Optimum configuration of application and motor

Breakdown current
I, [A]

Breaking current  125%

1L [A]
Starting current Peak current P-0-0092 = P-0-093 x 1,5 = 100%
_______________ 1, [A] 1, [A]

Activating of the P-0-0115=100% (von P-0-0092)
breakdown protection controller

Rated current P-0-0093 = 66,66%
I, [A]

Current
I'A]

Application - peak current S

Application - rated current

S

Spet.ed1
n [min’] Rated speed
The image shows a rotary field frequency when the current is plotted against the speed.

If the application requires more current (torque), e.g. because the milling tool is becoming blunt, the current
value moves to the left of the curve.

12 Version: 1.9.1 AX5000
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This applies mainly for the linear range (nominal current to cut-off current). The range beyond the stall
current is not relevant, since it is not permitted.

With the AX5000, among others, the values
+ P-0-0093 (nominal current) and
* P-0-0092 (peak current)*
*calculated from P-0-0093 and the overload factor (for ASM mostly 1.5)

taken over from the motor database.

The response of the stall protection controller with respect to the current limit (P-0-0115) would be:
* The stall protection controller is activated.
» The rotary field frequency is reduced. As a result, the current value does not exceed the current limit
(P-0-0115) and thus prevents the cut-off current* from being reached.

*The servo drive switches the motor torque-free. It would come to an uncontrolled standstill.

Operation in the field weakening

M
Mk1 Mk2

/ / /Mk?’ Field weakening

S Envelope - Mk

| | Mn)\\v\%ﬁ

-

A\ < NS N

f1 f2 f3 fa

In the field weakening, the envelope follows the function M=1/n. In the linear range (Mk4 / MKk5), a decrease
of the rotary field frequency causes a significant increase of the torque.

During operation of an asynchronous motor the torque curves may differ, depending on the rotary field
frequency (f).

Behavior of the breakdown torques with changed field weakening:
 Until the field weakening is reached, the breakdown torques (Mk1 - Mk3) are equal.

+ At the beginning of the field weakening, the breakdown torques (Mk4 and Mk5) decrease almost
linearly.

» With increasing field weakening (Mk6 and further), the breakdown torque is very low and almost
constant.

AX5000 Version: 1.9.1 13
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3.21 Functionality from firmware v2.03
Mode of functioning of the stall protection controller

The stall protection controller attempts to avoid the impermissible range (actual current value |, in %). This
is defined in advance in parameter P-0-0115 (ASM: stall protection loop, torque limit value). If a machining
procedure exceeds the |, value, the servo drive reduces the set speed (reduction to < 0 is possible). The
mode of functioning is illustrated in detail in the following practical examples 1 and 2. The procedure
concerned is always a machining procedure on a milling machine. A tool penetrates solid material on
reaching the speed setpoint:

Practical example 1: Machining procedure with an actual current value Imax of 90%

The value of the stall protection controller is set to 90% in example 1. As the tool penetrates the solid
material, you can see by the blue characteristic curve that the speed drops dramatically at this point.

Result:

The limitation of the current to 90% by the stall protection controller is therefore insufficient to maintain the
set speed.

14 Version: 1.9.1 AX5000



BEGKHOFF Asynchronous motors - Special functions

Practical example 2: Machining procedure with an actual current value Imax of 100%

The value of the stall protection controller is set to 100% in example 2. As the tool penetrates the solid
material, you can see by the blue characteristic curve that more current is available at this point and that the
speed does not drop as dramatically as in example 1.

Result:

The consequence of the limitation of the current to 100% by the stall protection controller is that the set
speed can be maintained better.

Key:
» Green characteristic curve: set speed
» Blue characteristic curve: actual speed
* Red characteristic curve: active current (maps the torque)
* Yellow characteristic curve: reactive current (maps the magnetization)

3.2.2 Configuration

® Joint operation of the stall protection and the acceleration controller!

To use the stall protection and the acceleration controller together, the two IDNs P-0-0115 and
P-0-0112 should have different values.

AX5000 Version: 1.9.1 15
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Activation and setting of the stall protection properties
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Safety option Ke[100 155 Decel. [1073781 madss®  [2000 ASM: Uboost [200° v
.. Display - Bt & ”
- Digital VO - Poslllon : s i T
. Watch window T C"”‘“’“” ! —~ —~
] C_hannal A Edge velo
(= Configuration

- Process Data/Operation mode

e e T
— 4—stnrmndel

] CDntrUHer overview Stall protection control

; ] | Velocty
Motor and Feedback 3 Acceleration control | colcudation: —* S
Scaling and NC parameters DD

1 oo | — ot
Probe unit Tal00 s 2 & | caleuiation
i Error reaction / drive halt === -
. Parameter list max[1000 % & max [100.0 Lm
- Service functions || Paa ol
- Diagnostics
- Channel B

Configuration
Senvice functions

- Disgnastics

&

To activate the control structure of the stall protection [item 3], go in the Drive Manager to Channel A —
Configuration — Controller overview — V/f control [item 1].

The stall protection is parameterized via the Kp and |, values [item 2].

Confirmation of the settings made

After actuating the stall protection button, a pop-up window appears [item 4] in which you have to confirm the
activation of the current controller settings once again.

f = ( ; __ Showvelo. and
[Fasnasm ] (o | T
NCunt.
[(Vset >
Accel. [I073741¢rmd/e®  Vimax
ke|lOD 15 Decel. [1073741¢ red/s® [209 om ASM: Uboost [200° V
; Q j:—,: i —
+ | |
Edge velo: 200 rom
[ Velocty
- | calotion. IR
e T
snalpmmmd | oD b i "‘""E‘

L =i
s Lw}-ns

Download =)

Pacthb2 |

Are you sure to enable ‘Current controller settings > Enable stall protection?

4 o] [ ]
@

Conclusion of the configuration

The stall protection is now activated. The red coloring [item 5] indicates that the project is not yet online. To
set the b stall protection to active, you have to activate the TwinCAT project.

=T - __ Show velo. and
[Frmeoas = Bl
NC unit.

ST Accel. [10737416red/s?  Vmax
Kef100 15 Decel. [1073741t rd/s® 2000 m ASM: Uboost [200  V
[Pset > 5 f E &—i — T
—‘--' s — T % i
i Edge velo: B200
Velocty
5 ﬂ Acceleration control 0o 2 | calculation —
5
e
r I +—Motor model
Stall protection conrol ™o |
Ko [1000.0C bad/si/A (- o e
T k= | calcutation
= e
max[300 % _I:t imax[1000 'f._[t
Pact 2
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® Value range of Kp and Imax:

The values for the gain factor K, and the actual current value |,,,, must be set in the Stall protection
control settings [item 2].

AX5000 Version: 1.9.1 17
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4 Ballast calculation for single-axis drives

This documentation refers to single-axis drives. Further calculations are required for multi-axis drives and
coupled axes.

Reaction of a servomotor during operation:

* In the acceleration phase, the servomotor draws energy from the DC link.
+ In the braking phase, the servomotor (generator operation) feeds energy into the DC link.

The feedback causes an increase in the DC link voltage, which is limited by the maximum permissible DC
link voltage of the servo drive (by a brake resistor). This limitation serves to protect the device. The excess
energy is converted into heat in the brake resistor.

The power that is fed back can be calculated from the available kinetic energy. The result is offset pro rata
against the total cycle time. The additional energy (E,) is not taken into account. It serves as a reserve.

Example:

Default values

* 600 V nominal voltage (DC link) at 400 V¢ supply voltage
+ 850 V switch-on point of the brake chopper™.
* Formula

E[Ws] = 0.5 x Cpc i (850 V2 - 600 V?)
Special case with an EL72xx servo terminal:

* 48 V nominal voltage (DC link)
55V switch-on point of the brake chopper™.

Formula
Ec [Ws] = 0.5 x CDC link (55 V2 - 48 V?)

*1: Below this threshold, the energy is stored in the DC link capacitors.

Additional storable energy of an AX5000 servo drive at 400 V,. (EL72xx at 48 V,¢) supply voltage

Servo drives DC link capacitance [puF] Storable energy [Ws]
AX5101 — AX5106 235 42
AX5112 470 85
AX5118 940 170
AX5125 1175 212
AX5140 1485 270
AX5201 — AX5203 235 42
AX5206 470 85
AX5160 — AX5172 900 163
AX5190 1060 192
AX5191 2120 384
AX5192 3180 576
AX5193 4240 768
AX5021 705 128
Servo terminal

EL7201 53 0.019

18 Version: 1.9.1 AX5000
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@ Calculation of the load moment of inertia:

For an exact determination of the inertia reduced to the motor shaft, please use the

Beckhoff TE5910 | TwinCAT3 Motion Designer.

41 Formulary

Symbol Unit Definition

w [rad/s] |Angular velocity

Cu [F] Capacitance of the DC link capacitor

n [1/min] |Motor speed

m [kal Weight of the load

Ji [kgm?] |Load moment of inertia (can be reduced to the motor shaft)
N [kgm?] |Motor moment of inertia

Jiem [kgm?] |Mass moment of inertia of the load and the motor
Y/ [Nm] Acceleration torque

the [s] Acceleration time

P meanac [W] Mean acceleration power

M,, [Nm] Braking torque

tor [s] Deceleration time

P meansr [W] Mean braking power

E.. [Ws] Braking energy

P [W] Required continuous power of the braking resistor
Tootal [s] Total cycle time

i [1] Gear ratio

Ec [Ws] Energy that can be stored in the DC link capacitors
Epot [Ws] Potential energy of a load

Power [W] Power required to reduce potential energy

tabsenk [s] Time during which the load is reduced

g [m/s?] |Gravitational constant

h [m] Height at which the load is positioned / height difference of the lifting movement

Angular velocity:
211 -n
60
Acceleration torque (from 0 — w):
FARD)

l e

i =

jwa - j."+m

Braking torque (from w — 0):

A\

l by

jwbr = "J.l’+m

Mean drive power during the acceleration phase (from 0 — w):

AX5000 Version: 1.9.1
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()

Pm.‘.'.'ehf:’!;' - MJ'JE I
2

Mean drive power during the brake phase (from w — 0):
()

Pmr'.'.'f”:’r - Mhr ' 2

Generated braking energy (from w — 0):
mz

2

E.II = L’J.l’+fm =

L

If a gear unit is used, load inertia relating to the motor shaft is reduced by 2.

Selecting the braking resistor:

The mean braking power of the individual braking operations must be considered in relation to the total cycle

time.

P

mittelBrl

P

1 + Poivemrz * Ty + P,

fb r3 +

erf T

gesami
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Speed n A

Special case: lifting axes:

Braking Driving

Rotation to the ” I Rotation to the -
right ||| |V right Torque M

Driving Braking

Rotation to the Rotation to the

For vertical axes, in addition to the kinetic energy, the potential energy (caused by the mass) must be taken
into account.

Behavior at standstill

The load is in the 1st quadrant. This means that no braking power occurs. The braking power only occurs in
quadrants 2 and 4. When the load is lowered, the potential energy must be dissipated by the servo drive:

E =m-g - h

ol

It depends on the respective height difference and the mass to be moved. The lowering time must also be
taken into account for the calculation of the mean power.

E

pat

P abxenk

t abaenk

Continuous power of the entire cycle
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To calculate the cycle, the power for lowering and the remaining power values are included in the
calculation.

P,

absenk

l + Povems " tor ¥ Poiwapz * Ly + P

mittelBr3

gesamnd

TJIJI.,_"‘ +---

abaenk

4.2 Example for horizontal travel drive
The task

A travel drive is to be accelerated and decelerated twice within a total cycle time of 50 s. Calculate the brake
resistor to be used for an AX5112 servo drive.

Default values
» Speed 3000 rpm
» Acceleration and braking time 0.5 s
* Moment of inertia reduced to the motor shaft 0.02 kgm?
* Motor moment of inertia 0.0024 kgm?

Procedure

1. Calculation of the angular velocity

211 - n
a = : = 314 1/s
60)

2. Calculation of the required braking torque

(1) :
M, = J,, - — = 1407 Nm
br
3. Calculation of the mean braking power for each braking process

)] _
Pmr’.’ff.‘ﬁr - J'wbr : 7 = 22()9 “{

4. Calculation of the required continuous power

P.. = Pmr'.'.'m“!:’r! C gy Pmr'.'.'ﬁ.‘!:’-"z B = 44,}8 W
erf T

gesany

[

Since the internal brake resistor already offers a continuous power of 90 W, it is sufficient for this application.
If the result is calculated for ten braking operations, it corrects itself as follows:

Required continuous power for ten braking operations

P_. - t,, + P__ o
mittelBrl hrl mittelBr2 b2 ! !
P, = _ = 220,90 W
}_;.i'f.'-'{.!ff‘b'

For this value it is recommended to use an external brake resistor AX2090-BW50-0300 with 300 W
continuous power.
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4.3 Example for a vertical travel drive
The task
A load of 1000 kg is to be lowered by 1 m within 6 s.
Procedure
1. Calculation of the potential load
E, = 1000 kg - 981 m/s? - I m = 9810 Ws
2. Calculation of the lowering time

9810 Ws
6 5

= ]635 Wy

abzenlk

Differentiation between peak and continuous load:

[
1 Long braking times (> 1 s) no longer represent a peak load but a continuous load. Therefore, the
continuous load must be added directly when calculating the braking power.

Please note:
For very short braking times (<1 s), the time can be considered in relation to the total cycle time.At
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5 Acceleration pre-control

The lag error of an axis during acceleration can be minimized with the aid of the acceleration pre-control.
This can, for example, shorten the cycle times of handling axes or improved the path fidelity of CNC axes.

The meaning of the parameters in conjunction with the acceleration pre-control is explained in the following
chapters.

® Reference variables for the acceleration pre-control
1 P-0-0010, P-0-0071, P-0-0505, P-0-0556, S-0-0348

Requirements

TwinCAT Projekt2 + X

=

| Algemein | EtherCAT [DC_ [ F faten | Statup | Sof - Online [ Online | Drive Manager | NC-B: Online | NC-B: Functions | NC-A: Online | NC-A: Functions |
Linked NC/CNC awes:  ChannelA<=>NC: Achse 1 ChannelB<=:NC: Achse 2

22 L[[EBE % w5 N 2 |[Cmgerhe 7]
x

Tree
& Device Position controller

. Device settings Feed forward acceleration

Power management K% T:ms
- Safety option 0.0 0.000
... Display ‘ ‘ V—

— - - - - —-

 Digita 10 | | CTE

C-H--Watlc:wmdow Feed forward velocity ] -‘;o‘ﬁ:lef%d
= Channel . Loz
(- Configuration K [100.00 %

- Metor and Feedback
. — - -
- Scaling and NC parameters
- Process Data/Operation moc Velocity feed
: |
(- Controller overview K [200  1000/min frecceeceeoono-d] O rev/(Z"30ms)
Position controller P est

Veloaty controller Hinc —_ IPOL " " . E >
- Current controller H § §

.. V/f control Effective position : - : Following : Fosition controller
. Probe unit command ' i~ Dinc Lo Jrev/(2730 ms)
allzc : P act Fb1
.. Error reaction / drive halt -
L 130inc
- Parameter list -
. . act
[ --S?NICEFL.II'ICtIDI'IS 999 inc
(- Diagnostics
[=- Channel B -
P . ,
op | Huds State | Diag Code Diag Msg Umain OK | Dclink OK | Ampl-Te... | Actual op... v<=v_0 | Postivec.. | Negative ... | Periph. Vo...
Channel A Drive Ready [x0000D012 R | Axis state machine... L L 80 11: pos ctrf... L L L 22445
Channel B Drive Ready (x0000D012 R | Awds state machine... » » 68 11: pos ctrf... L L L 22620

The acceleration pre-control can only be used if the AX5000 is operated in
» 11: position control feedback 1 lag less
or

« 12: position control feedback 2 lag less mode.

The AX5000 receives a new set position value cyclically (e.g. every 2 ms) and interpolates between the new
set values with the cycle time of the position controller (default value 250 pys).

The acceleration results from the second derivative of the position. In the case of linear interpolation of the
set values the value of the second derivative is always zero.

Therefore cubic interpolation must be set in the AX5000 (P-0-0556):

24 Version: 1.9.1 AX5000



BEGKHOFF Acceleration pre-control

-P-0-0010  Feature flags

Enable adjusted velocity controller gain scaling {: disabled
Enable adapted ads state machine 1: enabled
View enlarged emor history 1: enabled
Enable excessive position deviation manitaring 1: enabled
View extended software wersions list (P-0-0320) 1: enabled
Enable extended power management 1: enabled
Consider the "Additive position command value’ (5-... 1: enabled
rsvd 1

rsvd 1: enabled
Enable phase clamping 1: enabled
Explicit modulo init data saving required 1: Yes
Probe unit: Hardware delay compensation 1: enabled
Feedback value sampling point: Adjusted to Sync1  1: Yes

Set data length of P-0-0070to 4 byte 1: Yes
Extended thermal maotor model (P-0-0062) 1: Yes
Velocity controller gain in "Mm/rad/sINAm/s) 0 No
Acceleration feed forward gain (S-0-0348) in % 1: Yes
reserved 0

If cubic interpolation is active, the cycle time of the position controller in the AX5000 (P-0-0004) must not be
shorter than 250 ps, otherwise an error message (F330) will appear.

The acceleration pre-control should be used if possible with a firmware version = FW v2.10 build 8. The
function has already been implemented in previous versions, but not with the functionality described here.

In parameter P-0-0010 "Feature Flags", the associated bit must be activated so that the scaling of the pre-
control takes place in %:

A value for the current is calculated from the acceleration, depending on the motor and the load conditions.
For this, it is important that the correct values for the mass inertia of the motor and the load are entered in
parameter P-0-0071:

The mass inertia of the motor is read automatically from the electronic name plate during the configuration.

- P0-0071  PS 047  Mechanical motor data
N Rotor moment of inertia (BitSize 32 0ff Set 0) 475 “0.0007 kgm ™2
e Load moment of inertia (BitSize 32.0ffSet 32) 23.00 “0.0001 kgm™2

If the exact value of the load inertia is not known it should be estimated. In most servo applications the ratio
of the load inertia to the motor inertia has a value of between 3 and 10.
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Procedure

TWinCAT Projekt2 + X

[Algemein | EtherCAT [ DC__ | Prozessdaten | Startup | SoE -Oniine | Online | Drive Manager | NC-B: Oniine | NC-B: Functions | NC-A: Orline | NC-A: Functions |
Linked NC/CNC axes:  ChannslAc=>IiC: Achse 1 ChannelB<=oNC: Achse 2

(22 4 |[EFE |4 Hw NN 2 |[Comethee -
Tree x
Device “ || Linked Nes: TINC™NC Taskc 1 SAF“Aves"Achse 1
Change fink
Devicesetngs
Power Configured operation modes:
Safety option N Name ActValue SetValue
- Display 500032 Primary operstion mode  11° pos ctr fedback 1lagless 11 pos ctr fesdbick 11ag less —
s
Watch window
Channel &

Configuration
Motor and Feedback
Sealing and NC parameters

& t
&-Cor iew

AT or MDT: AT E

Availzble parameters for Frocess Data
5-0-0011: Class 1 diagnostic (C1D} N

Farameters for Procsss Data

500135 Ditve status word

500380 DC bus voltage

P-L-0217. Actual mains voltage

P 20222 Power management dagnostica

5-0-0012: Class 2 diagnostic (C2D)

S-0-0013: Class 3 diagnostic €30}

5-0-0029: MDT emor courter.

5-0-0053: Postion fesdback 2 value {eotemal f
5-0-0130: Probe value 1 postive edge
5-0-0131: Probe value 1 negative edge
'5-0-0156: Velocity fesdback 2 value (exteml

ition controller
Velocity controller
Current controller
- V/f control
Probe unit

somm ity
504: Efective velocty command value
PE050% Yoty el o
500189 Following distance.
5.0.0051: Postion foedback 1 value fmotorfosdb

EE

Error reaction / drive halt £ 20381 DC bus curert
or temperature
Parameter list 5-0.0284: Heatsink temperature.
Service functions 500390 Disgnostic number
i s Frobe 1 posiive latched
Diagnostics 'S0-0410 Frobe 1 negalive latched
Channel B || |5-0-0303;: Dvnarmic MDT eror counter h
- 4 > “ r
“ »
erosy Aition o Ack-
20 | ety cm atd act
|
o
20 | }
| ety comrote oupur | | ]
I
I I AL BE .
I I !
\ ! .
Torque Feedback vae. | | | | | ) |
500 i
I i |
0 [ — = e L1 T T e
. | Il 4
“Ia i | ; ! , \ |
D) | [ 1
Postion Diferehce | |
I\ N N N -
‘ 17 7l 17
‘ B Il
| | | |

TWinCAT Projekt2 + X

Algemein | EtherCAT [ DC | Prozessdaten | Startup | SoE - On\me|0nlm\ Diive Manager
Linked NC/CNC axes:  Che Ac=>NC: Achse 1 =>NC: Ache

26 AIEEE |50 wn XS, 7 [Gmmne

\Nc:ra Oriine | NC-B: Functions | NC-A: Online | NC-A: Functions |

Tree x
Device Fostion cantroller
Channel A Feed forward acodleration
&- Configuration Kl s
Motor and Feedback ‘
Scaling and NC paramet|
Process Data/Operation
£ Controller overview Ty Toruefocd
e
Velocity controller
i1 Current controller A J
Vit control
Probe unit Type -
Error reaction / drive hal : cuble_~/ Ke[190 " 1000/min - - Drev/Z30ms)
Parameter list P et
Service functions e _+ oL — R, S
Diagnostics ;
Channel B Efectve postin | | | Followng | Postion cortroler
command L e LoD/ 30 ms)
== Pact o
L 3%
P act o2
899nc

First of all, optimise the axis with the linear
interpolation. To do this, record the current, velocity
command value, actual velocity and lag error with the
oscilloscope.

Then activate the cubic interpolation as shown above
and add the parameter P-0-0505 to the process data:

If you record the value of the "velocity controller
output" with the oscilloscope, you will obtain a picture
similar to the one shown here:

The value of the "velocity controller output”
(P-0-0505) is largest during the acceleration and
braking phases.

In the second part of the picture the acceleration pre-
control is active. As a result, the velocity controller is
relieved and the value of the "velocity controller
output" reduced.

_ Atthe same time the lag error becomes smaller.

If the moment of inertia is set correctly, a value of
100% is usually ideal for acceleration pre-control
(S-0-0038, “acceleration feedforward gain®):

This can be checked and corrected if necessary
using the oscilloscope recording.

The criterion for this is the size of the lag error and
possibly the value of the "velocity controller output".
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6 Operation of encoders with EnDat interface and
battery-backed absolute position

6.1 Description of the problem

With these encoders, in contrast to other encoders, the absolute position, i.e. the number of revolutions, is
not mechanically recorded with the aid of a gear unit, but is stored in a battery-backed memory. If the power
supply to the encoder fails when the servo drive is switched off, because the battery is empty or the
connection to the battery is interrupted, the encoder irrevocably loses the absolute position. In order to
prevent possible damage to an axis, this case must be taken into account and given special treatment. The
displayed error must not be able to be acknowledged with the normal error reset. To do this, there must be a
way to reset the error and re-reference the axis and put it into operation after battery power is restored to the
encoder.

6.2 Message from encoder

If during operation the battery voltage of the encoder becomes too low or fails completely, it issues a
warning, which the AX5000 displays as battery warning OXED61. The position is still valid and operation can
continue.

In this case, please search for the cause!
To reset the warning, a restart of the AX5000 is required, description see below.

If the AX5000 is restarted without the battery voltage having returned, the encoder has lost its absolute
position and reports an error. The AX5000 reports this as an error:

F87E Feedback "AX572x": Feedback battery error
It remains in the "Error Pre-Op" state

This error is also reported if the battery voltage at the encoder has been interrupted when the AX5000 is
switched off.

The error cannot be acknowledged with the normal reset command, S-0-0099, but appears repeatedly
during the transition from Pre-Op to Safe-Op.

6.3 Resetting the error message and warning

If the AX5000 displays the error "F87E Feedback battery error" in the "Error Pre-Op" state, it is essential first
to find the cause and remedy the problem: is the cable to the battery interrupted or is the battery voltage too
low?

The following steps must be carried out to reset the error in the encoder and in the AX5000 so that the axis
can move again:

1. Resetting EtherCAT error

2. Set parameter P-0-0357 Enhance error handling, bit 0 ="1: Yes":

EI P_—i]L'IBET-" Enhanced emor handling
lgnore and reset feedback batteny emar for one PreQp-:5afelp transition  1: Yes
Reset feedback batterny waming for one PreOp-=5afe0p transition 0: Mo

3. Set the drive to the "Op" state.
4. Bit 0 in P-0-0357 is automatically reset.

o
1 Attention, the axis must be referenced!

To reset the warning,
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5. set the drive to the Pre-Op state.
6. Set bit 1 ="1: Yes" in parameter P-0-0537.

EI P-0-0357 Enhanced emor handling
lgnore and reset feedback batteny emor for one PreQp-»5afeCp transition  0: Mo
Rezet feedback batteny waming for one PreQp-:5afe0p transition 1: Yes

7. Set the drive to the "Op" state.
8. Bit 1 in P-0-0357 is automatically reset.

6.4 Emergency mode

® Normal operation of the axis

1 It is the responsibility of the application programmer not to enable normal operation of the axis until
the battery has been replaced or reconnected and the axis has been re-referenced.

If the axis must be moved before the cause of the error can be corrected, special care must be taken
because the absolute position is invalid. For example, allow only jogging mode!

Follow the steps above to reset the error. The AX5000 reports the warning ED61 "Feedback battery
warning", but it can be enabled and the axis can be moved.

6.5 Additional error message

If bit 0 or 1 is set in parameter P-0-0357, although no error and no warning are present in the encoder, the
AX5000 outputs the error message F87F, Feedback "AX572x" Parameter error in P-0-05637. This prevents
that a bit remains permanently active and thus a battery error of the encoder is not detected.

28 Version: 1.9.1 AX5000



BECKHOFF

Change to compatible type

7 Change to compatible type

i

Further documentation:

The steps shown in this functional description refer to a
configuration in the TwinCAT 3 development environment.
Further information can be found at:

www.beckhoff.com — Automation — TwinCAT 3 — Documentation

Change to Compatible Type in the case of AX5000 servo drive

With the Change to Compatible Type function, TwinCAT offers an exchange of the AX5000 servo drive
(larger range of functions or performance, see above) and/or the revision, taking into account the links in the
task.

Breakdown of the EtherCAT revisions

TuinCAT Projectt Axsoo0 201705 < [
General | EtherCAT |DC

| Process Data | Startup | Drrive Manager|

Type: AX5203-0000-0210 EtherCAT Drive (SoE. 2Ch)
Product/Revision:  AX5203-0000-0210

Auto Inc Addr: FFF7

EtherCAT Addr [C] 1010 Advanced Settings...
|dentification Value: 0 =

Previous Port: Term 10 (EK1110) - B %1 QUT

If the AX5000 servo drive is inserted by means of a device scan in the TwinCAT configuration the Solution

Explorer displays the EtherCAT revision of the device (see picture, left). The user can change the device

name.

Depending on the hardware and firmware version of the AX5000 servo drive, there is an assignment of
different EtherCAT revisions to the appropriate firmware.

In the table below the EtherCAT revisions of hardware 1 and 2 are allocated to the
firmware versions (V1.00 — V2.10).

Example hardware 1 device:
The EtherCAT revision number AX5yxx-0000-0004 (hardware 1) was created to:
operate a firmware V1.00 b0010 (final build).

Example hardware 2 device:
The EtherCAT revision number AX5yxx-0000-0202 (hardware 2) was created to:
operate a firmware V2.05 b0008* (final build).

AX5000 - Hardware 1 AX5000 - Hardware 2

Order key EtherCAT revision |Firmware (final build) | Order key EtherCAT revision |Firmware (final build)
AX5yxx-0000-0000 | AX5yxx-0000-0004 (V1.00 b0010 AX5yxx-0000-0200" |AX5yxx-0000-0200  (V2.03 b0026*
AX5yxx-0000-0000 | AX5yxx-0000-0006 (V1.01 b0008 AX5yxx-0000-0200" | AX5yxx-0000-0201 V2.04 b0016*
AX5yxx-0000-xxxx |AX5yxx-0000-0007 |V1.02 b0007 AX5yxx-0000-0200" |AX5yxx-0000-0202  |V/2.05 b0008*
AX5yxx-0000-xxxx |AX5yxx-0000-0008 |V/1.03 b0001 AX5yxx-0000-0200" |AX5yxx-0000-0203  |V2.06 b0028*
AX5yxx-0000-xxxx |AX5yxx-0000-0009 |V1.04 b0005 Order key EtherCAT revision |Firmware (final build)
AX5yxx-0000-xxxx |AX5yxx-0000-0010 [V1.05 b0011 AX5yxx-0000-0202" |AX5yxx-0000-0210  [V2.10 b0014*
AX5yxx-0000-xxxx |AX5yxx-0000-0011 [V1.06 b0030 AX5yxx-0000-0202" | AX5yxx-0000-0211 V2.11 (no release)
AX5yxx-0000-xxxx |AX5yxx-0000-0012 |V1.07 b0016 AX5yxx-0000-0202" |AX5yxx-0000-0212  [V2.12 (no release)

1) Operation of the EtherCAT revisions 020x with firmware versions V2.03 - V2.06 is permitted. Operation of the EtherCAT revision with FW version V2.10 is permitted. The full

functionality of a firmware can only be guaranteed with the corresponding EtherCAT revision (e.g. firmware V2.06 b0023 with EtherCAT revision 203).

*Due to continuous software development, the firmware versions listed in the table may be obsolete.

AX5000

Version: 1.9.1
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Example scenarios for the handling of the Change to Compatible Type function

Scenario

Example and feasibility of the Change to Compatible Type

Firmware Update:

Initial situation:
There is a TwinCAT configuration.

Intention:
A firmware update is to be carried out on the AX5000 servo drive.

Explanation:

The new firmware uses a more recent EtherCAT revision. Following the update the
TwinCAT configuration is no longer identical to the EtherCAT revision of the
modified servo drive.

Result:
A Change to Compatible Type can be performed.

Service case:
Device replacement —
deviating performance

Initial situation:
There is a service case. The AX5203 servo drive on the machine is defective.

Intention:
The defective servo drive is to be replaced. No identical replacement device is
available, but one from the same series with a higher performance (AX5206).

Explanation:
The AX5203 is replaced by the AX5206. The configuration has to be adapted due
to the different performances.

Result:
A Change to Compatible Type can be performed.

Service case:
Device replacement —
backward compatible

Initial situation:
An AX5000 servo drive with current firmware (V2.06 b0023) is to be installed in the
machine.

Problem:
The configured servo drive in TwinCAT has an older EtherCAT revision (0012).

Request of the application:
The new functions of the firmware V2.06 b0023 are not required. The servo drive
is to be operated with the old configuration.

Result:
No Change to Compatible Type is necessary.

Service case:
Device replacement —
upwardly compatible

Initial situation:
An AX5000 servo drive with an EtherCAT revision 0200 and a current firmware
V2.06 b0023 is configured in TwinCAT.

Problem:
An AX5000 servo drive with an EtherCAT revision 0011 and a firmware V1.06
b0028 is installed in the machine.

Explanation of the problem:

Newer EtherCAT revisions include new or changed functions. The interfaces of the
EtherCAT revisions have been extended. This has the consequence that an older
EtherCAT revision cannot serve a newer one. The AX5000 servo drive cannot be
controlled.

Result:
A Change to Compatible Type is not possible. A downgrade of the servo drive or
a reinstallation must be carried out.

7.1

Functional description

® Data backup!

Beckhoff Automation GmbH & Co. KG recommends that you make a backup of your TwinCAT
project and the data of your configuration before executing the function.
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Step 1

» Right-click on a created servo drive (in our example Drive_X1) in the 1/O configuration.

» Select the Change to Compatible Type function in the context menu.

[H-=4 Drive_X2 (A

F B8 Drive Y Z (

f %2 Drive_U (A
- @ IPC (SMB)
¥ DeviceNet (EL
&8 Mappings

(rm|

(|

T Sl e ye g

.. # A30 (EK1100) | ‘

"igl Drive X1 (£ Append Box...

Append Module...

¥ Insert Box Before...
¥ Delete Box...

E* Import Box...
E* Import Box Before...
‘& Export Box...

& Cut Ctrl+X
Copy Ctrl+C
2 Paste Ctrl+V
53 Paste with Links  Alt+Ctrl+V

X Disabled

me
Orivi
osi’
iollc
‘elo
‘elo
ot
)CE
ffet
Aa il
ffet

cS

Change to Compatible Type... tati

Add to Hot Connect Groups...

ds#

Step 2

I L sl

A list appears showing the compatible servo drives that are suitable for the execution of the Change to

Compatible Type function.

» Select a suitable servo drive from the list (Step 2).

AX5000

Version: 1.9.1
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+ Confirm with "OK"

-

Change to

=X=)

Ax5101-0000-0211 EtherCAT Drive (SoE, 1
AXE103-0000-0211 EtherCAT Drive (S0E.1
AXE106-0000-0211 EtherCAT Drive (S0E1
Ax5112-0000-0211 EtherCAT Drive (SoE, 1
AxE118-0000-0211 EtherCAT Drive (SoE.1
Axb5125-0000-0211 EtherCAT Drive (SoE, 1
AXE140-0000-0211 EtherCAT Drive (S0E.1
AxB160-0000-0211 EtherCAT Drive (SoE, 1
AXE172-0000-0211 EtherCAT Drive (SoE.1
Ax5190-0000-0211 EtherCAT Drive (So0E, 1
£x5191-0000-0211 EtherCAT Drive (SoE, 1
AXE192-0000-0211 EtherCAT Drive (S0E1
Ax5193-0000-0211 EtherCAT Drive (SoE, 1
[A+5101-0000-0210 EtherCAT Drive (SoE
[A>xB103-0000-0210 EtherCAT Drive (SoE
[A+5106-0000-0210 EtherCAT Drive (SoE
[~>5118-0000-0210 EtherCAT Drive (SoE
[A+5125-0000-0210 EtherCAT Drive (SoE

[Ax5160-0000-0210 EtherCAT Drive (SoE
[Ax5172-0000-0210 EtherCAT Drive (SoE
[A>B180-0000-0210 EtherCAT Drive (SoE
[A+51491-0000-0210 EtherCAT Drive (SoE

(
(
E
[A5140-0000-0210 EtherCAT Drive (SoE
(
(
(
(
(

[A>B182-0000-0210 EtherCAT Drive (SoE

Ax5101-0000-0211
(Ax5103-0000-0211
(Ax5106-0000-0211
(Ax5112-0000-0211
(Ax5115-0000-0211
IAx5125-0000-0211

h) ) - oK
h) j
h) j
h) J
h) j
h) J
h.) (AX5140-0000-0211)
h) ]
h) j
h) ]
h) J
h) j
h.)

Cancel

IAx5160-0000-0211
(Ax5172-0000-0211
(A>5190-0000-0211
(Ax5191-0000-0211
[Ax5192-0000-0211
IAx51593-0000-02171)

111

J (A%5101-0000-021 03]
AX5103-0000-0210)]
(AXE106-0000-0210)]
(AXE116-0000-0210]]
(AXE125-0000-0210)]
(AXE140-0000-0210)]
(AXE160-0000-0210)]
(AXE172-0000-0210)]
(AXE190-0000-0210]]
(AXE191-0000-0210)]

(AxE192-0000-0210]]

C
C
C
C
C
C
C
C
C
C
C
C
C
1
A
.1
1
.1
1
1
1
A
1
A

Ch
Ch)
Ch)
Ch)
Ch)
Ch)
Ch)
Ch)
Ch)
Ch)
Ch)

 In the next step, start the function by left-clicking on "OK".

-

Change to compatible type

==

Are you really sure to change the type?

OK H

Cancel

i

Step 3

Use of the Change to Compatible Type function.

Only servo drives with identical hardware conditions (HW1 or HW2) and the same number of
channels (1- or 2-channel devices) can be updated or changed.

A downgrade of the servo drive to older EtherCAT revisions (e.g. AX5206-0000-0210 to
AX5206-0000-0203) is not possible!

Step 4

The following settings are now changed for the Once steps 1 — 4 have been completed, the changes
selected servo drive in the TC Drive Manager:

« EtherCAT \ Slave \ Info:

Physical devices, product code, revision number,

are adopted into the startup list in parameter
P-0-0010. These are then compared with the
Beckhoff-AX5xxx.xml defined standard

serial number, type. configurations.
» Settings / StateMachine:
CheckRevisionNo (if changed)
* ProcessData:
The missing Sync Manager is added (if available).
32 Version: 1.9.1 AX5000
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@® Aborting and restarting the function!
1 It is possible at all times to stop and restart the function.

* To stop the function:
Click Cancel in step 3. The procedure is now aborted.

* To restart the function:
First make a backup of your data. Then begin with step 1 of this functional description.
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7.2 Term definitions
Order key

The order key identifies the product. It is attached to the name plate on the outside and consists of a 14-
character combination of letters and numbers.

d Further information on the order key can be found in the:

AX5000 - System manual under Product identification!

Beckhoff distinguishes the AX5000 servo drives between HardWare 1 - devices and HardWare 2 - devices.
Firmware (version):

The firmware is the software of the AX5000 servo drive. This is identified accordingly with Firmware - v1.xx
or Firmware - v2.xx. A breakdown of the firmware revisions to the hardware versions of the device can be

found in the chapter: Change to Compatible Type [P 29]".

Revision No. / EtherCAT revision # order key

Each firmware has an assigned Revision No. or EtherCAT revision. This is saved on the E2Prom of the
AX5000 servo drive and can be read via the TwinCAT System Manager. The revision no. is shown in the last
8 characters of the Product / Revision : e.g. AX5106-0000-0203

The first 4 characters are always zero.
Builds:

As soon as a firmware is released it is given a version number (V) and a build (b). If changes or optimizations
take place within a firmware version, the builds are incremented. Each firmware has a latest current version.

ESI — Device - Description:

An EtherCAT Slave Information is a device description in *xml format. It is required in order to carry out
online or offline configurations in TwinCAT. ESI files can be requested by manufacturers and are provided
for download.

There may be several ESI device descriptions in one *xml file.

@® Structure of the ESI file in the *xml format:

1 *xsd is a format that describes the structure of a device description (ESI) in the *xml file. If the
EtherCAT slave information is updated, the *xsd and *xml files should always be updated as well.
This way you can ensure that the required information from the device description is transferred
fully.
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8 Digital inputs and outputs

The AX5000 servo drive can be used to activate various functions via digital inputs and outputs. The
functions are assigned via eight inputs (0-7); input 7 can be configured as output. The individual functions
are described in this chapter.

® Reference values for the digital inputs and outputs:
1 P-0-0251; P-0-0315; P-0-0400; P-0-0401; P-0-0402; P-0-0800

Overview of inputs and outputs with assignable functions

| Algemein | EthercaT [DC [ P | Startup | SoE -Oniine | Gnline | Drive Manager | NC-B: Onlins | NC-B: Functions | NC-: Oniine | NC-A: Functions |
Linked NC/CNC aes:  Chiannelc=>NC: Achse 1 ChannelBi<=>NC: Achse 2

[2 % & [[EEE % w0 Uk ? | [Commebroe 7]
X

Tree

& Device Dighal 110 tetus
| i Device settings 1 2
Power management Digital YO Act Function
i L. Safety optien 4@y Digital Input 0
Display Digital Input 1
oL Digital 1O Digttal Input 2 P-0-0400 (chnA): Hardware enable corfiguration > Configuration=1: High acitve; Disable reaction=0: Ta
H Watch window D!grtal Lo
Digttal Input 4
= Channel A igital Input 5
H Configuration igital Input &
Service functions @ Digital In/Output 7
| @ Diagnostics
- Channel B
Configuration Digttal 140 settings:
Service functions 3
Diagnostics DN Name ActValue SetValue Unit

P0-0251(8)  Probe 1logic configuration
FO0251()  Frobe 1logic configuration
P0-0315(8)  Disgnostic output

PO0315E)  Disgnestic output

PL0400(8)  Hardwars enable configuration
POO400()  Hardware enable configuration
PL-0401(8)  Position limit switch configuration
PO0401(8)  Position limit switch configuration
P0-0402 Ready to operate configuration
P0-0200 Digital output cortrol word

In the ,Digital I/O status* section (1), the TC3 Drive Manager provides an overview of all inputs and outputs
at the AX5000 servo drive. Inputs at which no voltage is present (low) are shown in red. Inputs at which
voltage is present (high) are shown in signal green.

The ,ActFunction window (2) shows whether and where a function is active. The ,Hardware enable
configuration® is assigned to input 2.

The functions that can be assigned to the inputs and outputs are shown in the ,Digital I/O settings” section
(3). The functions listed under (3) are described later in this chapter.

8.1 Diagnostic output

The parameter P-0-0315 enables configuration of a diagnostic outputs at the AX5000 servo drive. For dual-
channel devices this parameter is configurable for both channels (A and B).

G- PHI315(A)  Diagnostic output

Configuration 0: Mo output
Qutput number 0

Set output on Bmor (C10) 0: Mo

Set output on YWaming (C20) 0: Mo

revd 0

- P-0HI315(B}) Diagnostic output

Configuration
T 0: No output
agnostic output . . . .
ey : Ti-Figh acive No diagnostic output function is selected.
Output number D Nooupit...... 1: High active
Set output on Emor (C1D) Sismocns A diagnostic output function is selected.

Default value: 0 No output
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Output number

LDigital output 7* can be configured as digital output with the

& RO oo o function ,Diagnostic output* under this setting in parameter

Configuration 1- Hioh active
T 0 0 || (00315

Default value: 0 No

Set output on Error (C1D)

. 0: No
SHEDRIEE)  TErriar i o The specified output (Digital output 7) does not respond to a C1D
- Configuration 1: High active error
- Qutput number 7 Ninital ritrut 7 .
L |SetoutputonEmoriCiD) | 1: Yes
; Se‘d"mpm e ) The specified output (digital output 7) responds to a C1D error.
s

The error is displayed on the AX5000.
Default value: 0 No

Set output on warning (C2D)

0: No
- P-0-0315(A)  Diagnostic output . ..
; Corfiguration 1- High active The §pe0|f|ed output (digital output 7) does not respond to a C2D
Output number 7: Digital output 7 warning.
= Set output on Emror (C10) N 1: Yes

Set output on Waming (C20)

: ravd
- P-0-0315(B) Diagnostic output

The specified output (digital output 7) responds to a C2D warning.
The error is displayed on the AX5000.

Default value: 0 No

8.2 Hardware-Enable

A hardware enable for the AX5000 servo drive can be configured in the TC3 Drive Manager. This function is active in addition to the
software enable from the controller via the bus system. The two functions are connected via an AND link. The settings for this input
function are made in parameter P-0-0400.

Configuration

0: No hardware enable
- P-0-0400(A) Hardware enable configuration

N T [T TNl o e b [ INO hardware enable function is selected.
r;:“ o g . | 1: High active o
Disable reaction 0 Torgque off 0 Tomua o A hardware enable function is selected.
Diagnostic 0: Emor 0 Emor
rsvd 0 1]

Default value: 0 No hardware enable

Input number

Under this setting in parameter P-0-0400 you can specify which
digital input is to be configured with the function ,Hardware
enable“. You can assign the function to one of eight digital inputs

= F‘_-D-N-DD{N Hardware enable configuration
Corffiguration 1: High acitve
rsvd

: Dig | ©-7).
Disable reaction .
Diagnostic - Lhig P
B - Digital input 2
..... revd SR
E . : Digital input 3
+- P0-0400B) Hardware enable configuration - Digital input 4
- P-0-0401(4) Position limit switch configuration : Digital input 5
- P-0-0401(B)  Position limit switch corfiguration : Digtal input &
- P-0-0402 Ready to operate configuration - Digital input 7

Default value: 0 Digital input O
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Disable reaction

: _ 0: Torque off
&P D0400H g:::‘“m SELRETIE I The servo drive de-energizes the axis.
- = TLRIES Sk acive 1: Slow down according to P-x-0356
: Input number ) Niaital inmat 0 (only asynchronous motors) _ _
0: Torque off | The servo drive brakes the axis with the deceleration ramp set in
: Diagnostic U: Torue off .......... - parameter
= _ ; gg;;;;ggf;;;dmg P-x-0356 (rotor slow down procedure parameter).
e e Py | 2 Emergency ramp
15 P0401B)  Postion limit switch corfiguration —— — The servo drive brakes the axis with the deceleration ramp set in

parameter S-0-0429 (emergency stop deceleration).

Default value: 0 Torque off 3: Halt ramp

The servo drive brakes the axis with the deceleration ramp set in
parameter S-0-0372 (drive halt acceleration bipolar)

Diagnostics
- P-0-0400(A) Hard ble corfigurati 0: Error
iardware enable conriguration . . . . .
T Corfiguration ’ T TRl | High ocivo If axis control is active (enabled) and the hardware enable input is
fvd . g N 3 N switched off, the AX5000 servo drive reports error message F102
nput number igital input igital input
R 0 Toraue of 1 Toermre it (loss of the hardware enable).

0: Eor I 3: Silent
; - |f axis control is active (enabled) and the hardware enable input is
switched off, the AX5000 servo drive reports no error.

rsvd 0
(- P-0-0400(B) Hardware enable corfiguration

Default value: 0 Error

8.3 Limit switch monitoring

A DANGER

Serious injuries caused by moving axes!

The limit switch monitoring in the AX5000 servo drive is purely functional and not suitable for personal
protection!

Notwithstanding active limit switch monitoring a fault in the drive system may:
- disable the protection functions of the limit switch

- prevent braking of the axes through EStop and axis stop ramps.

In other words, the axes may not respond. This could cause serious injury.

Before commissioning ensure that all external personal protection measures were applied.

The parameter P-0-0401 enables configuration of two limit switches per axis. For dual-channel devices this
parameter is configurable for both channels (A and B).

=- F'_-H-M'DHA} Position limit switch corfiguration

=E Positive: limit switch

Configuration {: Mo limit switch
Limit switch reaction 0 E-Stopwitha ClD e...
revd 0

Input number (: Digital input 0

= Megative limit switch
Configuration {: Mo limit switch
Limit switch reaction 0 E-Stopwitha ClD e...
revd 0

Input number (: Digital input 0
- P-0-0401(B) Position limit switch corfiguration

Configuration
. B ) 0: No limit switch
E-P-4M01A)  Postion fimit switch configuration No limit switch is configured / available.
PE B — 1: Normally closed (wire-break protection)
|- Nelimiswich 1| The |imit switch is closed if it was not reached by the axis.
Limit switch reaction d | 2: Normally open
E:d.r — 2" Nomally open The limit switch is open if it was reached by the axis.

Default value: 0 No limit switch
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Limit switch reaction

Position limit switch configuration
Positive limit switch
Configuration

revd

Input number

Negative limit switch

- P-00407(8)
=

|0: E-Stop witha C1D emor |

0: Mo limit switch

0. E-Stop witha C1D emor

1 E-Stop with a C2D waming
2: Fods halt with a C20 waming

Default value: 0 E-Stop with a C1D error

Input number

0: E-Stop with a C1D error

Braking of the axis with the emergency stop ramp (S-0-0429) and
triggering of an error message (FCDO, FCD1). The error is
displayed on the AX5000.

1: E-Stop with a C2D warning

Braking of the axis with the emergency stop ramp (S-0-0429) and
triggering of a warning (ECDO, ECD1). The error is displayed on
the AX5000.

2: Axis halt with a C2D warning

Braking of the axis with the halt ramp (S-0-0372) and triggering of
an error message (FCDO, FCD1). The error is displayed on the
AX5000.

Under this setting in parameter P-0-0401 you can specify which

BB A0 KT I s B o s digital input is to be configured with the function ,Position limit
i it itch“. You can assign the function to one of eight digital inputs
Configuration 0 Mo limit switch Swi ! 9 9 g P
Limit switch reaction 0 E-Stop with a C1D emor (0-7).
: . rsvd n
- T (|0: Digital input O
= Negative limit switch
Configuration igial i
Limit switch reaction % B:SE: :Egﬁ %
rsvd 4: Digital input 4
-- Input number 5: Digttal input 5
- P-0-0401(B)  Position limit switch configuration &: Digital input 6
[+ P-0-0402 Ready to operate configuration 7. Digital inout 7
® Configuration of the positive and negative limit switch

1

limit switch only.

The positive and negative limit switch can be configured in parameter P-0-0401. The selectable
settings are identical for both limit switch versions and are described in this chapter for the positive

8.4 Ready to operate

Ready to operate configuration
Ready to operate output
Configuration

Output number

Ready to operate input
Configuration

Input number

- P0-0402

1: High active
7: Digttal output 7

1: High active
4 Digital input 4

In the AX5000 configuration this device can be
integrated in the ready-chain of the machine. This
function requires a digital input and a digital output.
Activation of this function and allocation to the
respective input and output is realized in parameter
P-0-0402. Since only digital input no. 7 can optionally
be configured as output, only digital output no. 7 is
offered as output number.

8.5 Digital output control word

reserved
Digital 110 7
reserved

Digital output control word

0

1: user output (P-0-0802)

0

Digital output 7 can be configured as ,user output‘ at the AX5000 servo drive for signal output from the PLC.

Default value: 0 no output

1: user output (P-0-0802)

Digital output 7 can be controlled via parameter P-0-0802
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| Algemein | EthercAT [DC [ P

1 I Startup I SoE - Online I Online | Drive Manager

Linked NC/CNC axes

ChannelA<=>NC: Achse 1

|x':’ !:, &.|‘§'E|E>@{ 1!]5‘, ? | Change Phase-

é--ChanneIA
- Configuration

- Watch window

(- Motor and Feedbac
: Scaling and MNC parg
Controller overview
V/f control
Probe unit

Error reaction / drivi
i.. Parameter list

=

- Service functions

Tree x
£ Device Linked Nefods: TINC™NC-Task 1 SAF Axes™Achse 1
i i Device settings
Corfigured operation modes:
-- Power management
Safety option DN Mame ActValue SetValue
- Display S{0-0032 Primary operation mode 11: pos cir feedback 11ag le
- Digital /0

Available parameters for rivcess vag

Parameters for Process Data

5-0-0036: Velocity command value
5-0-0037: Additive velocity command value
S5-0-0048: Additive position command value
S5-0-0080: Torque command value
5-0-0081: Addttive torgue command value
5-0-0082: Positive torgue limit value
5-0-0083: Negative torque limit value
5-0-0092: Bipolar torgue limit value
5-0-0405: Frobe 1 enable

P-0-0601: Predictive velocity command value

5-0-0134: Master control word

© NONAT. Daciine memeond yalue

P-0-080 ital outputs 3

2 |2

The parameter P-0-0802 (3) can now be mapped in the MasterDataTelegram (1) process data of the
AX5000 servo drive and linked to a PLC variable.

Proceed as follows:

» Adding parameters from ,Available parameters for process data“ to the ,Parameters for process data“
via the button (2).

Bit 7 of this variable controls the state of digital output 7.

AX5000

Version: 1.9.1
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9 Extended commutation monitoring

In order to be able to detect a commutation error even more reliably and to switch off in the event of an error,
the commutation monitoring function has been extended in firmware 2.13. The function and its setting
options are described below.

9.1 Associated settings in P-0-0010

To enable the extended commutation monitoring, bit 21, Commutation angle error, in parameter P-0-0010,
Feature Flags, must be "1 Enabled":

8 p00010 1P 00%

Feahre flags

Adjusted velodity controller gain scaling (Bl Size 1,085t 0)

Adapted mds stabe machine (BitSize 1,065 1)

Wiew enlarged emor hestory (BitSize 1,0/ S5t 2

Excessive position deviation monbaing (5 105 3)

View exdended software versions st (P-0-0320) (BaSice 1,08 5et 4)

Extended power management (Bt Size 1,0 Set 5)

Consider the 'Additive posiion command value' (5-0-0048) (Bt Siz

rwwd (Bt Size 105 7)

rewd (B Size 10050 5)

Phase clamping (Bl Size 1,005t 5 1

Explcit modulo inlt data saving required (Bt Sice 1.0/ 5t 100 1

Frobe uni: Hardwars delay compenaation (BitSize 1065 11) 1

Fesdbinch vahos sampling port: Adusied to Syne 1 (B Size 108 1
1
1
1
1

Tt

Set dsta lergth of P-0-007010 & byt (Bt Sine 1.00Set 13)
Extended thermal motor mcsded (F-0-0067) (Bl Size 1,0F 58 14)
Vidooty controler gain in en/ s/ imya) (B Size 1 D Set 15)
Aocaleration fesd forward gain (5-0-034%) in %' (B Size 1.0fSet .
ravd (BtSize 1085t 17)

Advaniced parametrzation inbroduced with FW 2,10 (Bt Siee 1,06 O Enablsad

i

Revised Control Mode of P-0-0451 (Bt Size 1,085t 19) 1: Enabiled
rwed (B Sie 10/ Set 20)

Commubaiion angle emor (P-0-D065) (B Sixe 1,085t 21) 1: Erushied
Enable one phase device probection (Bt Size 1,0 5=t 22 1: Enabled

Enable new basic feld weakening imit caloutation (Bt Size 1.0f.. 1: Enabled
e (B Sige 40.065e 24)

When creating a new configuration, this is the default setting.

9.2 Parameter P-0-0069, Commutation monitoring

The three conditions for the occurrence of the commutation error described under "Commutation error" are
still valid. In addition, the AX5000 uses an internal calculation model to constantly calculate the current
commutation angle error. If this exceeds the set limit value for the set time, the commutation error is also
triggered. The setting options can also be found in parameter P-0-0069. The default settings are shown here:

EI P-0-0063 Commutation monitoring

Velocity limit 300 1/min
nRsvd0 0.0
Maximum commutation angle emor 1.00 rad
Fault tolerance time 3 ms
Low pass frequency o Hz
Parameter Meaning
Velocity limit The calculation of the model only starts when the velocity value set for

"Velocity limit" is exceeded.

error

Maximum commutation angle

If the deviation of the commutation angle exceeds this limit value, the
commutation error is triggered (1rad = 57°).

Fault tolerance time

The commutation error is triggered if the deviation exceeds the limit
value for longer than the set time.

Low pass frequency

more tolerant behavior.

The calculated deviation is filtered with a low-pass filter. Higher
frequency values provide for faster response, lower frequency values for

40
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9.3 Possible cause for the error triggering

The calculation model for calculating the current commutation angle error requires the values for the
inductance and the resistance of the motor winding. The correct values in parameter P-0-0066 are therefore
very important:

EI P-0-0066  Blectric motor model
. Winding resistance (phase to phase) (BitSize 32,0f... 2.47 Ohm
‘Winding inductance (phase to phase) (BitSize 32,... 25.00 mH

The effective inductance decreases with increasing current. For Beckhoff motors this relationship is stored in
parameter P-0-0075:

EI F‘_—ﬂ-D'I]?E Mator inductance characteristic
: -- lq (Bit Size 320.0ffSet 0)
- L (BitSize 3200 Set 320)

For third-party motors these values are usually not known. Especially in the case of linear motors that
accelerate very dynamically with a multiple of the nominal current, it is therefore possible that the model
calculates with an incorrect value for the inductance during acceleration and as a result delivers a too large
deviation of the commutation angle.

The options described in the next section can be used to determine whether the fault is actually always
detected at high currents.

9.4 Diagnostic options

Add parameter P-0-0081, Estimated commutation error, to the process image and record it using
ScopeView:
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® P-0-0081 does not map the angle, but the sine of the angle.

The value for "Low pass frequency"(P-0-0069) affects the recording. At the maximum value of 1000 Hz the
calculated deviation is displayed (and evaluated) almost unfiltered. In this way, you can also detect possible
short-term deviations.

The following recording shows an example where an incorrect value for the motor inductance is active. For
the recording the value for "Low pass frequency" was set to 1000 Hz. Only then are the peaks of the
"Estimated commutation error" visible during acceleration.
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For comparison: if the value for the inductance is correct, the maximum value of the "Estimated commutation
error" is 0.7.

9.5 Remedy for frequent commutation error

Make sure that the commutation error is not caused by a poorly adjusted velocity controller and a resulting
oscillating axis.

If the "Estimated commutation error” value is consistently significantly different from zero, check the
commutation angle. Possibly an incorrect offset was determined and entered, or the "Wake & Shake" routine
does not provide reliable values.

If the "Estimated commutation error" only becomes significantly larger at large current values, typically at
large acceleration, check whether the current-dependent values of the inductance are entered in parameter
P-0-0075. If these are not available to you - especially for third-party motors - you can reduce the value of
the inductance in P-0-0066. (The value of the inductance is used in the configuration of the motor to
calculate the gain of the current controller. In operation only the described motor model uses it.)

You can also set the monitoring to be more tolerant by increasing the value for "Max. commutation error".
The adjustable maximum value of 1.57 corresponds to a deviation of the angle of 90°. With this deviation,
the motor has no more power/torque, but does not run away. The case of positive feedback with a deviation
>90° is also detected with this setting and an error is triggered.
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10 Field weakening

® Available from firmware v2.12
1 The field weakening function is available from firmware v2.12.

This documentation applies to the AX5000 servo drive. The chapters contain information on how to
parameterize field weakening via the corresponding IDNs.

You can then check the status of the function and interpret error messages. Finally, information is provided
about different IDNs that are important for the function.

10.1 Function

Check the settings and ensure they are correct

When activating field weakening, check that the correct commutation angle is set.

Incorrect settings in the function have a negative influence on the performance characteristics of the
servomotor and can shorten the service life.

Servomotors can be operated above the nominal speeds by selectively manipulating the magnetic field. The
maximum adjustable torque decreases with increasing speed.

When field weakening is used, a functional distinction is made between synchronous motors and
asynchronous motors. The aim of the function is to map speeds above the nominal speed.

Please read up on the function and its effects before parameterizing it.

10.1.1 Synchronous motors
In synchronous motors, a magnetic field is established against the permanent magnets in the rotor so that

the servomotor induces lower voltage at the same speed. This enables the servomotor to accelerate to
higher speeds.

10.1.2 Asynchronous motors

Asynchronous motors require a reduction of the existing positive [d] current to induce lower voltage. The use
of field weakening is common with asynchronous motors.
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10.2 Requirement

All Beckhoff servomotors are suitable for this function. For advice on third-party motors please contact
Beckhoff after-sales service. Observe the maximum permissible mechanical speeds.

10.3 Parameter description

The following information explains which S-parameters and P-parameters are involved in the function. The
commissioning scenarios serve as examples. The configuration is always dependent on the application and
various environmental and operational conditions.

available from FW v2.13

Parameter Name Description

S-0-0196 Motor rated current Configuration of the nominal motor
current

P-0-0093 Configured channel current Configuration of the channel
continuous current

P-0-0445 Basic field weakening parameter  |Configuration of the "Basic Mode"
of the field weakening

P-0-0446 Basic field weakening limits Currently valid actual value of the

field weakening current and the
maximum permissible speed

P-0-0459 Actual torque / force generating Actual value of the torque-forming
current current component

P-0-0460 Actual flux generating current Actual value of the field-forming
current

P-0-0465 Effective q current command value |Setpoint of the torque-forming
current component

P-0-0469 Actual absolute voltage Display of the total voltage
provided by the current controller

P-0-0470 Voltage controller command value |Setpoint of the total voltage for the
field weakening

P-0-0471 Effective d current command value |Setpoint of the field-forming current

44 Version: 1.9.1 AX5000




BEGKHOFF Field weakening

10.3.1 P-0-0445

® Functional description from firmware v2.12:

1 The description of the parameter for field weakening applies to newly configured machines and
systems with firmware version v2.12 or higher and the Basic Field Weakening setting.

When updating from older firmware versions to newer firmware versions, the original field
weakening configuration is retained.

The original configuration of the field weakening can still be used with the compatibility mode in
parameter P-0-0455.

Vollage controler integral action time 500 5.00 ms

Current ratio Synchronous motors

Via this setting in the parameter you configure which current can be

impressed for the reduction of the induced voltage.
Imax S \/ Id2 + qu

The field weakening current [l;] reduces the available torque-forming current
[l,] via the calculation.

The total current is limited according to the formula

® Example
1 If the default value is 60%, 80% of the torque is available for the speed controller.

q= \/100%2—60%2 = 80%

Usable current flow [q] =.

For the percentage specification of the "Current ratio", the smaller value from the nominal motor current
S-0-0196 or the channel nominal current P-0-0093 is selected as the reference value.

The resulting maximum field weakening current is displayed in parameter P-0-0446. This value refers to the
maximum channel current in P-0-0092.

Asynchronous motors

A flow-forming current [d] is defined for operation. The current ratio indicates to what extent this current may
be reduced in order to maintain the voltage limit.

The value in % by which the flux-forming current [d] may be reduced is now entered in the input mask of the
current ratio.

Voltage utilization

® Scope:
1 The following settings apply to synchronous motors and asynchronous motors.

Voltage utilization indicates the maximum available voltage in relation to the current DC link voltage. In the
input mask you can determine what percentage of the currently available total voltage is utilized at the
voltage limit.

The higher the voltage utilization percentage, the higher the torque that can be set at a given speed. The
difference to 100% is the control value reserve for the current control loop.
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rsvd Reserved input window. No purpose here.

The "Integral Action time" is the integral action time of the voltage regulator
within the field weakening. The field weakening voltage regulator is
superimposed on the current controller. A dynamic range should be
maintained when setting the integral action time.

Integral Action time
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10.3.2 P-0-0455

Mode SM 2: Basic |
Mode ASM i0: Disabled i
Min mains voltage for field weakening 1 Compat'rbiﬁty
Max mains voltage for field weakening gl.uBamc:
Max field weakening cument 0.000
Mode SM Selection for synchronous servomotors
Value Selection Information
0 Disabled Field weakening disabled
Alternative:

o No servomotor connected
1 Compatibility Firmware version v2.10 or earlier:

o Field weakening enabled
2 Basic From firmware version v2.12:

> Field weakening enabled
o Activation of an additional voltage

regulator
Mode ASM Selection for asynchronous servomotors
Value Selection Information
1 Compeatibility Firmware version v2.10 or earlier:

o Field weakening enabled
2 Basic From firmware version v2.12:

> Field weakening enabled

o Activation of an additional voltage
regulator

AX5000 Version: 1.9.1 47



Field weakening

BECKHOFF

10.4 Scope view

All current curves shown refer to the configured peak current in parameter P-0-0092.
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SE00.04
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=

<2000 <
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400,04 |

Position

Information

1

Setpoint for the voltage regulator
DC [V] x P-0-0445 / \3

If the voltage requirement of the servomotor is lower than the setpoint, the voltage regulator
is inactive. When the setpoint is reached, the field-weakening current is set via the voltage
regulator.

2 Effective voltage

3 DC link voltage
Increase during braking due to recuperation:
Since the setpoint of the voltage regulator is calculated from the instantaneous value of the
DC link voltage, the setpoint increases accordingly.

4 Torque-forming and flux-weakening current

If the voltage requirement of the servomotor falls below the setpoint, the voltage regulator
becomes inactive again.
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Position Information
1 Setpoint for the voltage regulator

2 The voltage requirement of the servomotor is lower than the setpoint of the voltage regulator.
The voltage regulator remains inactive.

3 No field weakening current is required
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Position

Information

1

Setpoint for the voltage regulator

2

The voltage requirement of the motor exceeds the setpoint. The voltage regulator intervenes
and impresses a flow-weakening current.

When the maximum flux-weakening current value that was entered is reached, the voltage
requirement of the motor rises above this value.

The voltage regulator is in control value limit mode and cannot prevent the increase

A higher field-weakening current is required, which can be configured via the current ratio
parameter.
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11 Gantry Brake

@® Available from firmware v2.10
1 The Gantry Brake function is available from Firmware v2.10.

This documentation applies to the AX5000 servo drive. In the chapters you will find information on how to
parameterize a Gantry Brake via the corresponding IDNs.

You can then check the status of the function and interpret error messages. Finally, information is provided
about different IDNs that are important for the function.

11.1 Function

Preventing a delay in the Gantry Brake
By configuring the function, you can reduce the delay in case of error.

A delay due to mechanical stress in the Gantry Brake can lead to damage to the axes used.

A Gantry Brake is an axis with two or more rigidly coupled motors. These motors must be moved
synchronously with each other. If the drives are not moved synchronously, the mechanics may jam or be
damaged. Synchronous movement must be maintained at the best possible level even in the event of a drive
error. For this reason, it is important that all drives on the Gantry Brake react to the occurrence of a drive
error with almost no time delay. The function described here makes it possible for all drives of the Gantry
Brake to react to an error with almost no time delay. The communication time that normally exists from the
faulty drive to the NC or CNC and from there to all other drives is eliminated by this function. The function is
parameterized via parameter P-0-0340 "Error propagation configuration" and P-0-0341 "Gantry brake
configuration”.

The figure below shows two AX5yxx servo drives that are wired to each other via the digital inputs and
outputs on connection X06.

AX5yxx AX5yxx

0(1(2]|3|4|5|6]|7 01112(3[4|5|6|7

A A A A

DigOut 7 Digin 0
Digin 0 DigOut 7

Possibilities for error coupling:
« Internal coupling with a delay time of < 100 ps; only possible with two-channel servo drives
» External coupling via jumper on connection X06 of the servo drive. The delay time is < 100 ps.
» External coupling via NC or CNC. The delay time is equal to four EtherCAT cycles.

AX5000 Version: 1.9.1 51



Gantry Brake BEGKHOFF

11.2 Parameter description

In the following you will find information about which P-parameters are involved in the function. The
commissioning scenarios serve as examples. The configuration is always dependent on the application and
environmental and operational conditions.

Parameter Name Description

P-0-0340 Error propagation configuration Parameterization of which error types are
displayed on which communication
channel and how to react to received
error types

P-0-0341 Gantry brake configuration Switching the function on and off
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11.2.1 P-0-0340

With the help of the parameter "Error propagation configuration”, you can set which error types are to be sent
to other Gantry axis. If "Yes" is selected for an error type, the occurrence of this error type is reported.

IDM I Mame I ActValue I SetValue |
-- P-0-0322 Device component hardware lds
-- P-0-0323 Memory usage
P-0-0324 ProductCode/RevisionMo AX5106-0000-0210
P-0-0325 Compile time and date Jul 20 2016, 16:25:12
‘.. P0H1326 Release notes
Error propagation configuration
=- Propagate emor types
Torgue off 1: fes 1: fes
Shorted coils brake 1:fes 1: fes
Open loop ramp 1:Yes 1: Yes
Closed loop ramp 1:Yes 1: Yes
Me handling 1: Yes 1: Yes
Lost feedback 1: fes 1: Yes
Propagate emors 8: to: Digital owtput 7 &: to: Digtal output 7
React on propagated emor 4: with: Closed loop ramp 4: with: Closed loop mmp
Receive propagated emors 7: from: Digital input &  7: from: Digital input 6
Propagate errors The selection of the error transmission is defined by this parameter.

8- to: Digtal output 7

i#0: Mo

8: to: Digital output 7

5. to: Other channel of same device

Value Description

8: to: Digital output 7 Error transmission takes place to
another servo drive via a wire
connection

9: to: Other channel of same device |Error transmission takes place
internally from channel A to channel
B, or from channel B to channel A, of
the same AX52xx servo drive.

Receive propagated errors The receiving channel of an error is defined with this parameter. You can
choose between the digital inputs 0 to 7.

7 from: Digital input &
0: No

1: from: Digital input O
2 from: Digital input 1
3: from: Digital input 2
4: from: Digital input 3
5: from: Digital input 4
&: from: Digital input 5
7 from: Digital input &
8: from: Digital input 7
.E':.f.r'?"-.': Cther channel of same device
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Value

Description

8: from: Digital input 7

Contact can be used as input and as
output at the same time; do not select
if output is required

9: from: Other channel of same
device

Error transmission takes place
internally from channel A to channel
B, or from channel B to channel A, of
the same AX52xx servo drive
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11.2.2 P-0-0341

Use the "Gantry brake configuration" parameter to configure the Gantry Brake function in the control loop of
the servo drive. Instead of "Emergency stop deceleration" in parameter S-0-0429, for each braking operation
the force is limited to the value set in parameter P-0-0341 "Gantry brake configuration".

® Error state "Torque Off"

1 If an axis switches to the error state "Torque Off", the Gantry Brake can only be moved with the
error-free axis. Due to the mechanical design, the force usually has to be limited in this case.

Switching off the speed controller | component reduces the tendency of the control to oscillate,
leaving a braking force proportional to the speed deviation.

IDM | Mame | ActValue | SetValue
P-0-0325 Compile time and date Jul 20 2016 , 16:25:12
P-0-0326 Release notes
-- P-0-0340 Emor propagation configuration
El P-0- Gantry brake configuration
Use Gantry-Brake' instead of the ‘closed loop ramp” 0: Mo 0: Mo
Brake torque 200 20.0

The Gantry Brake is activated if the device or the channel of an AX52xx receives an error.

Reaction of the servo drive Reaction to the error < 100 ps:
» Switch to speed control
» Set the speed setpoint to 0 rpm
» Switch off the |-portion of the speed controller

+ Limit the torque setpoint to P-0-0341
For example: 20% of P-0-0094 "Configured channel peak
torque / force"
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12 Comissioning a Generic Encoder with BISS-C
Interface

12.1 Preface

BISS-C is an open standard for communication with a rotary or linear feedback device and is used by
various encoder manufacturers.

The AX5000 does support this interface in general. Due to the many possible variations we now offer a
generic encoder XML file for rotary encoders and for linear encoders that can be used and adjusted to many
different encoders with BISS C interface.

Please use firmware version = 2.06 build 27 or = 2.10 build 14.

The following instructions explain the different settings.

12.2 Encoder-Interface

If the encoder provides a digital (BISS-C) interface AND an analogue Sine/Cosine interface, it must be
connected to X11/ X21 of the AX5000.

If the encoder provides digital (BISS-C) signals only, the option card AX572x is required and the encoder
must be connected to X41/ X42.

@® Please note:

1  Default clock frequency for the pure digital BISS-C interface is 5SMHz. If you want to use a digital
encoder that requires lower clock frequencies, there are certain restrictions. Please see below
chapter "Restrictions for Clock Frequency" for details.

» X11/ X21 will output more clock edges than necessary to read the position telegram. With some
encoders this will cause problems.
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12.3 Wiring

Correct wiring, of course, is essential to run any feedback device correctly. Depending on wether or not there
are sense lines for the power supply there are 2 or 4 wires for the supply voltage:

Signal Description

AX5000 Encoder

Us 5V +5V Power Supply

GND_5V GND for the +5V Power Supply
Us_5V Sense +5V Sensor connection (optional)
GND_Sense 0V Sensor connection (optional)

For the position infomation there are the following signals. Incremental Sine/ Cosine signals are not provided

by every encoder.

Signal Description

AX5000 Encoder

DX + (Data) Data +, (also "SLO +")

DX — (Data) Data -, (also "SLO -")

CLK + (Clock) Clock signal, (also "MA +")
CLK - (Clock) Clock signal, (also "MA -")
SIN + (optional) Sine +

REFSIN (optional) Sine -

COS + (optional) Cosine +
REFCOS (optional) Cosine -

Please refer to the AX5000 "Startup Manual" or "System Manual" for correct wiring!

12.4 Required Data for Comissioning

Before you start commissioning the encoder, make sure you do have the following information about it:

Encoder feature

Example

1 |What power supply does the encoder need? In case itis 5 V:
Does it provide connections for the sense line?

5 V with sense line

2 |Maximum current consumption of the encoder? The AX5000 can
provide a max. of 250 mA per feedback channel.

150 mA

3 |Pure digital interface or sine/ cosine signals provided?

with sine/ cosine signals

4 |Maximum clock frequency for the BISS-C communication

10 MHz

5 |For arotary encoder: Number of singleturn bits and number of
multiturn bits

For a linear encoder: Number of position bits

rotary, 19 bits ST, 12 bits MT

6 |For a rotary encoder: Number of sine periods per revolution
For a linear encoder: Length of signal period

rotary: 2048

7 |For alinear encoder: Resolution of the digital interface

Screenshots in the following explanation show the configuration for the above example.
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12.5 Selecting the Feedback

Use the "Select Feedback" button and choose either "Rotational" or "Linear Motorfeedbacks". Choose

"BISS_C Generic 5V 1Vpp" if you do have an encoder with Sine/ Cosine signals. Choose "BISS_C Generic

5V" if you want to run an encoder with digital position interface only:

- BiSS_C-Genenc-5Y1Vpp {ver Not released)
i BiSS_C-Genenc-5V (ver.Not released)

-Genencdinear-5W-BiSS5_C (vernot released)
- HALL-Linear-Encoder

Select a Motorfeedback. (SchemaVersion.2.0) (=@ 8 ) [ select s Motorfeedback {SchemaVersion.2.0) [ = &
= ?:S;L:ﬂmﬁeedbadﬁ 0 e (- Linear Motorfeedbacks - oK
Baumer Thalheim B B AMO
il ca i
[+ Harowe Beckhoff
[#- Heidenhain FAGOR
[+ Hengstler GV
E'I"(b‘er Heidenhain
a o
LN E;:‘;'”
[z NoOne
- PWE NoOne
[ Renishaw Mumerik Jena
(- SEW = |- Renishaw c
Sick Schneebenger i
[ Stritorque Sick
& Tyco Siko
= Unknown
2 Defaut =- U:nknown
- 208k HzResalver - D:efault
GpBkHzResolver (- 1Vpp-Linear-Encoder

- BpBkHzResolver 1Vpp-Linear-Encoder-EAC

- 1Vpp-Encoder Unknown BiSS-Linear-Encoder

- 1Vpp-Encoder-MAC Unknown BiSS C-mode linear encoder

=+ Unknown BiS5 C-made encoder T Genercdinear-5V-1Vpp-BiSS5_C (vernot released]

- HTL-Encoder

T

12.6 Adjusting Encoder specific Settings

Parameter P-0-0150 defines the details of the primary feedback ("Feedback 1"). Details of a secondary
feedback ("Feedback 2") are defined in P-0-0180. The following description will only mention P-0-0150.
P-0-0180 has the same structure and can be adjusted in the same way.

The settings of the feedback parameter must be adjusted to  Then open the structure of P-0-0150 to see
the specific encoder. In the "Motor and Feedback"
window click "Feedback 1" to get the detailed parameter

view.

TwincaT projeket = < [

| Algemein | BiherCAT | DC

1 | Statup I SoE - Online | Cnling | Drive: Manager |

the details and follow below instructions for

adjusting.

| s

Algemein | EiherCAT [ DC__| Prozessdaten | Statup | SoE -Online | Onine | Drive Manager |

Linked NC/CNC anes:  ChannelA<=>NC; Achse 2

Linked NC/CNC axes:

ChannelA<=>NC: Achse 2

ChannelB<=>No link

|22 L |[EEE| % Hw 0 QX 7 |[Cmerhxe

9/221 feedback 1/ motor

=~ Configuration

Select motor” ]

= Motor and Feedb
Motor |
Motor brake ‘
Feedback 1
Feedback 2 ‘
Scaling and NC p
.. Modulo value

Feedback 1type

25
n Sm Feedb
542

Feedback 2 type:

Process Data/Ope
(- Controller avervie

[Unkn#Generic-5V-1Vpp-BiS [ [

Order code:

Feedback
eference signal

- Sealing and NC p

Channel B
Configuration
e functi

rovd

Modulo value Feedback type

Process Data/Ope ;:‘f::i ':’:: g
Controller overvie A

Vit control =

Probe unit & Power setings
. Error reaction / dt - Cortrol votage

Parameter list Wat time after power up
Service functions: Cornector
Disgnostics

oo L|[EEE| 4w = 2 | [Change Phase- 1= B
= | "a A 7 ge Phase: =
[2 2 L |EEE 4 EHw 2 A% 7 | T | P p—
Tree X Safety option Reference signal:3: X1 1 {Fron, Encoder,
" " Display
-~ Device settings “ || “Add/Remove [Siandzrd+Lser defined < | motorfeedback(s) data drecty to/from the Startuplist Digial IO }
-~ Power management Watch window
Ch: 1A
Safety option Reset (al motorfeedbacks)” - E;":ﬁgmm S wv""‘jge
- Display Feedback 1 connector = MeterandFecdy "
- otor )
. Digital /0 3 X11 (Front, Encoder, v] e e || Pt -9
Watch window Feedback 1 DN Name
Feedback 2 [22P-0-0150 |Feedback 1 type
- Channel A AT

Manufacturer mis seftings
Feedback optiors

SetValue Unit

0: Unknown manufacturer
0: Rotational feedback
UnknéGeneric 5V-1Vpp-iSS_C
0: Commutation matorfesdback:
0

2:5V wih sense, pn 4 and 2, sense pin 12 3nd 10
3:X11 {Front, Encoder, Charnel 4)
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12.7 Definition of Parameter P-0-0150

12.71 Feedback Type string

The name of the encoder is not important for operation. It may be changed to remember what encoder you
are using:

El F‘-D-'I]15'I] Feedback 1 type

Manufacturer 0: Unknown manufact ...
Feedback type {0: Rotational feedback
Feedback type string MyBi55_C-Encoder
Feedback use 0: Commutation motarf ...
Feedback direction 0: Positive direction

12.7.2 Power Settings

Please choose the correct power supply accoding to the datasheet of your encoder. Correct voltage and
"sense" setting is essential.

EI Power settings

ims

Wait time after power up
Connectar 'I E"u"ﬂ 1V, pin Gand 2

21 5V with sense, pin 4 and 2, sense pin 12 and 10
3: 5V without sense, pin 4 and 2

revd
Process channel

"Wait time after power up" is a delay after switching the power supply on, before the AX5000 starts
communicating with the encoder. If you do not know the correct value, keep the default.

The "Connector" should be correct if the correct encoder has been chosen. If not, please correct!

= Power settings
Cortrol voltage 2 BW with sense, pin 4 and 2, sense pin 12 and 10
Wait time after power up 1000 ms
Connector 3: X171 (Frort, Encoder, Channel A)
e |
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12.7.3 Process Channel

"Process interface" is "1: Sin / Cos with 1 V peak to peak" in case the encoder provides those signals. In
case of pure digital communication it is " 5: Digital interface".

Doublecheck the connector setting.

In case of a rotary encoder with digital interface only you are done with the process channel.

=- Process channel
-~ Process inteface
- Connector
- revd
- Data

& Sin / Cos

.. TTL

1: Sin / Cos with 1% peak to peak
3: ¥11 (Front, Encoder, Channel A)

In case of an encoder with sin / cos signals or a linear encoder please proceed to "Data/ Sin / Cos":

=8 Process channel
Process interface
Connector
- rsvd
= Data

= Sin/Cos
- Signal periods per rotation
- Length per signal period
- 5in gain comection
- 5in offset comaction
- Cos gain comection
- Cos offzet comection
- SinCos 1Wss monitoring

1: Sin / Cos with 1 peak to peak
3: X171 {Front, Encoder, Channel A)

2048
0

1.000

1]

1.000

1]

0: Emor monitoring

nm

For a rotary encoder with sin/ cos signals please set the correct number of "Signal periods per rotation".

For a linear encoder please set the "Length per signal period" in nm. This is required also in case there are
no sin/ cos signals. Together with the "Signal periods per rotation" this value defines one rotation. If you run

a linear motor with a linear encoder you should set these values to get

Pole pitch = Length per signal period x Signal periods per rotation

Example:

Linear motor pole pitch = 24 mm

Length per signal period = 20000 nm (20 pum)
» — Signal periods per rotation = 24 mm / 20000 nm = 1200
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12.7.4 Parameter Channel
=k Parameter channel

Farameter interface 6: BiS5 C-Mode unidirectinal
Connectaor 3: X171 (Front, Encoder, Channel A)
Identifier 0
Bit resolution singletum position 15
Bit resolution multitum position 12
Mumber of clockoycles to get singletum position or... 19
Mumber of clockoycles to get multitum position 12
Digital name plate 0: Mo digital name plate
Commutation mode 2: Commutation offset 0 deg
Adjustable commutation offset imechanical) 0.0
Linear resolution about digital inteface 0

Parameter Explanation

Parameter interface

6: BISS C-Mode unidirectional (Do not change!)

Connector

Doublecheck where you connected the encoder.

Identifier

Not used, keep 0.

Bit resolution singleturn position

For a rotary encoder: Get number of singleturn bits
from encoder datasheet.

For a linear encoder: Number of position bits.

Bit resolution multiturn position

For rotary encoder: Get number of multiturn bits
from encoder datasheet.

For a linear encoder: 16

Number of clockcycles to get singleturn position or
absolute position

For a rotary encoder: Get from encoder datasheet
(usually same value as "Bit resolution singleturn
position").

For a linear encoder: 0

Digital nameplate

Keep "0: No digital namplate".

Commutation mode

Will be set later, when you do the motor
commissioning

Adjustable commutation offset

Keep 0.0

Linear resolution about digital interface [nm]

For rotary encoder: Keep 0

For linear encoder: Get the number from the encoder
datasheet (in nanometer).

AX5000

Version: 1.9.1
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12.7.5 Parameter Channel / Data / BISS

-

Data

= EiSS
Sensor mode: Data description 1:
: Sensor mode: Mumber of status bits 2
1 Sensor mode: Mumber of addtional data bits 0

Sensor mode: Mumber of CRC bits &
Sensor mode: CRC polynomial &7
Sensor mode: Inverted CRC
Mecd: Type
Mcd: Complete number of data bits
2 Mcd: Complete number of CRC bits
Mecd: CRC polmomial
Med: Inverted CRC
Sensarmode: limeout time
Sensor mode: Min. clock speed
Sensor mode: Max. clock speed
e+ | Sensor mode: Max calculation time
Hegister mode: Timeout time
Register mode: Min. clock speed
Register mode: Max. clock speed
Register mode: Max. write time
Register description version number
UEM: bank number
' OEM: Startaddress

S | OEM: Length in byte

Multi slave suppart
: Pretrigger time encoder to sync
Position calculation time encoder
- Reserved

Msb first, ight aligne...

=

=]
3

@

Ao o e a ol-

us
kHz
kHz

%‘é

s
kHz
kHz
ms

[ R e T e R e R | o e R o s )| =]

U3

[57]
—i|
(=]
=
[

Most encoders will run with the preset default values.

Do not change any settings unless you are sure that your specific encoder requires that!

Some explanations (referring to the numbers in the picture):

1.
2.
3.

The settings are the same for most common encoders and will be preset.
Mcd (multi cycle data) is not used here. Keep values 0.

Use "Min. clock speed" and "Max. clock speed "from encoder datasheet if available. If you need to
change this, see below chapter “Restrictions for Clock Frequency”.

Register mode is not used. Keep settings as preset.
Keep values 0 (except in some cases for “Pretrigger time encoder to sync” as described below).
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12.8 Restrictions for Clock Frequency

Firmware = v2.10 build 0015 allows setting different frequency values.

® Possible values of the clock frequency to be set: 2000, 2500, 3333, 5000 [kHZz].
The clock frequency can be changed in the parameter P-0-0150 under:
Parameter channel — Data — BISS — Sensor mode: Max. clock speed

If other values are set, the software will use the next possible lower value. Lower clock frequency causes
longer data transmission time.

Communication signals between AX5000 and encoder look like this:

Data Ack /Start\ CDS/ Position XErrorX\NarnX CRC (6 bit) \ Timeout F

During the "Ack" period the encoder prepares for transferring the actual position value. With the rising edge
at "Start" it signals to be ready and then starts transferring data.

Due to its internal cycles the AX5000 needs the position at certain point of time after it has started reading.
This means the time from the first rising edge of the clock signal to the last CRC bit must not exceed 18ps.

Example:
Clock frequency: 3.333 MHz => Bit time = 1/ 3.333MHz = 0.3 ps

Number of bits to be transferred for a position telegram:

Example 1 Example 2

4 us 8 us Preparing time of encoder ("Ack")

Number of bits

1 1 Start

1 1 CDS (Cyclic data slave, not used,
always 0)

26 32 Position

1 1 Error (status)

1 1 Warning (status)

6 6 CRC

1 1 Stop/ Timeout

37 43 Number of clock cycles for
complete telegram
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Example 1

Example 2

Transmission time =4 ys + 37 x 0.3 ys = 15.1 ys <
18 ps

Transmission time = 8 ys + 43 x 0.3 ps = 20.9 ys >
18 ps

o The encoder in this example can be run at
3.333 MHz clock frequency.

o For this case it is possible to set a value for
"Pretrigger time encoder to sync" to start
reading of the encoder earlier in the cycle:

209 us - 18 ys =2.9 us

o Set "Pretrigger time encoder to sync" = 4us
(1ys margin).

B- Data
B BiSS
Sensor mode: Data description 1: Msb first, right aligne...

Sensor mode: Number of status bits 2

Sensor mode: Number of additional data bits 0

Sensor mode: Number of CRC bits 6

Sensor mode: CRC polynomial 67

Sensor mode: Inverted CRC 1

Mcd: Type 0:

Mcd: Complete number of data bits 0

Mecd: Complete number of CRC bits o

Mcd: CRC polynomial 0

Med: Inverted CRC 0

Sensor mode: Timeout time 0 us
Sensor mode: Min. clock speed 1000 kHz
Sensor mode; Max. clock speed 3333 kHz
Sensor mode: Max calculation time 0 us
Register mode: Timeout time us
Register mode: Min. clock speed kHz
Register mode: Max. clock speed kHz
Register mode: Max. write time ms
Register description version number
OEM: Bank number

CEM: Startaddress

QEM: Length in byte

Mutti slave support

Pretrigger time encoder to sync

- Position calculation time encoder
- Reserved

No type

us
us

L = =N =]

® The value for the pretrigger must not exceed 15 pus!

1

12.9 Troubleshooting

Most errors in this context are caused by wrong wiring. Please double check that if you get any feedback
errors! To find out more details you may try one or more of the following steps.
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12.9.1 Try analog signals only

If you do have an encoder with BISS C interface and analogue signals you may choose a setup without
using the digital interface. Choose "Unknown/ 1Vpp..." with the correct sense settings and resolution.

-

Select a Motorfeedback. (SchemaVersion.2.0) | (=] 2 J

= Unknown - 0K
- Default

(- 2pBkHzResolver m

- Gp8kkHzResolver -

- 8pBkcHzResalver

=8 1Vpp-Encoder g

- Universal-1Vpp-10005-5Y (ver. 2.0.58) A

- Universal-1Vpp-10005-5Vfed (ver. 2.0.58) 3

- Universal-1Vpp-10245-5Y (ver 2.0.58)

- Universal-1Vpp-10245-5Vfied (ver 2.0.58)

- Universal-1Vpp-10245-8\fied jver Not released)

- Universal-1Vpp-120005-5Y (ver.2.0.58)

- Universal-1Vpp-120005-5\Fied (ver.2.0.58)

- Universal-1Vpp-12505-5Y (ver.2.0.58)

- Universal-1Vpp-12505-5Vfwed (ver.2.0.58)

- Universal-1%Ypp-180005-5Y (ver.2.0.58)

Tl e A ARWAANRC CAX._ L. N CM

L "l

If you get errors related to the sense line (e.g. F705, F707, F879,...), please double check the wiring of the
sense lines or choose a setting without sense line ("5Vfixed"). If you do not get erros related to the power
supply but to the signal amplitude, check wiring of the sine/ cosine signals. If possible you may use a
hardware oscilloscope to look at the signals.

@ Ifthe AX5000 senses a feedback error it switches the encoder power supply off!

1

When you get correct 1Vpp signals, i.e. no error related to that, you may double check the resolution: Does
the position count one revolution when you turn the encoder one rev.? Dou you see the correct distance
when you move the linear encoder?

12.9.2 Change BISS settings

If the analogue signals do not cause an error or there are no analogue signals, but you get feedback errors

related to the digital signals (e.g. F717, F718, F72x,...) please doublecheck the wiring and the number of
position bits.

If you are not sure about that number you may try changing values for "Bit resolution singleturn position" and
"Number of clockcycles to get singleturn position".
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13 Internal velocity filters

Warning, risk of injury from uncontrolled movements!

When working with the described filters there is always a danger of the motor performing uncontrolled
movements due to impermissible parameterization. Make sure that your application allows these
movements and secure the entire danger zone against inadvertent entry; ensure that no persons are in the
danger zone.

® Application of the Velocity Observer!

1 Above a frequency of 300 Hz noise can become problematic. First and second-order filters are
often ineffective in this case. The Velocity Observer of the AX5000 servo drive provides the velocity
controller with a speed signal available without resonance-induced oscillations over the widest
possible frequency range. It is available in FW v2.06 in Basic mode (third order) and in FW v2.10 in
Advanced mode (fifth order).
Further information can be found in chapter: ,Velocity Observer” of this function manual.

The control quality describes the capacity of the drive system to follow the setpoint values highly
dynamically, with low losses and fail-safe. The control quality depends on many factors. On the mechanical
side these could be soft drive trains with belt drive, or resonance points caused by the natural ageing of
components or special features of the mechanical structure. Without the use of filters the only possibility is to
reduce the loop gain and to adapt it to the worst condition. However, this adaptation affects the total
application and lowers the dynamics of the drive system. The application and the parameterization of the
internal speed and current filters act, for example, specifically on a resonant frequency, hence allowing a
high loop gain and thus a highly dynamic drive system. The filters described here serve to eliminate or
attenuate unwanted noise or resonant frequencies. The main control loops of a servo drive are the position
controller, the velocity controller and the current controller. With the exception of the position controller,
software filters can be inserted before the controllers. The characteristic of these special software filters is
realized by means of a 1st and 2nd order IIR filter with time-discrete transfer function.

13.1 Basic principles

The drive system receives the input parameter "Speed n = 40 rpm" from the PLC. If the drive system is
operating under optimum conditions, the motor achieves this speed with very good control quality. The
different characteristics of the drive system also cause sources of resonance among other things, which are
always disturbing. They often manifest themselves in oscillating shafts or hum frequencies. Overlaid signal
oscillations of the encoder systems can similarly create high frequency noise, thus reducing the control
quality.

The following test provides information about possibly existing interference frequencies: Drive through the
necessary operating speed range and make a scope recording of the actual active current (IDN S-0-0084).
On the basis of the curve of the graph you can judge whether or not there are points of interference.

Drive system

Input Servo drive Output
parameter Mechanic parameter

Motor
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13.2 1st and 2nd order IIR filter — Infinite Impulse Response
Filter

A general digital filter with time-discrete transfer function has been implemented for the current command

value filter.

The following filters can be selected in the TCDriveManager:
» Notch filter
 Phase correction filter 15 order (PD T1 or lead lag)
 Low-pass filter 1 order (PT1)

« Phase correction filter 2" order (Bi Quad)
 Low-pass filter 2™ order (PT2)

'IH

pl

Iﬁ-l

[

Xn-2

JEH

,
Vn-2

L}

The coefficients by, b4, b,, and a,, a, determine the characteristic of all the filters described and can also be
directly specified.

13.3 Notch filter (band-stop filter)

Fle Edt Actions View Options Help

The notch filter is designed as a narrow-band filter for
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General |\Eww|oc | Proce Dx]sm|sinm]u\@

Linked NC/CNC awes; | [C1

the attenuation of resonance frequencies. Select a
servo drive (1) in the TwinCAT System Manager,

ujf Control

éﬂzﬁﬂﬁir':tﬂ_J_J_iJ_LJ

ol

s

I™ Step by step.
3

Dowrload

start the TCDriveManager (2), click on the respective

: @ axis (3) and select the "Current command value filter"
rand e fiter 0.l WG QMah Factor [EIN

(4)-

A maximum of four filters are evaluated, which can be
parameterised independently of one another. In area
(6), activate the filter that you would like to occupy
with the notch filter. The cycle time of the velocity

. controller is indicated in field (7). The "QMath Factor"

Offine

[Bcudop. [ ve=y
.

Chamnel &
K1

|_Avisstate | DisgCode | Diaghtsy | Umain OK | Delink OK [ Ampl-Te.
Ll . .

(8) determines the scaling of the filter input

* parameter. With the current filter implementation the
maximum possible resolution is achieved with the
default value "30".

Now select "Notch filter" (5) from the drop-down
menu.

AX5000
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13.3.1 Parameterisation of the filter

Warning, risk of injury from uncontrolled movements!

Impermissible attenuation values lead to a strong phase shift, which can result in uncontrolled acceleration
of the motor and other instable states.

There are two different methods of parameterising the filter.

"Classic" method

This variant is activated by checking the "Classic"

General | EtherCAT | D | Pracess Data | Startup | Sof - Online | Online  Configuration checkbox (9)
Linked HC/CNC aves; | |C) lirk: N
2| 2w [E[= <[] - £ [ X3y 2 | [-change Phe i
. B o The parameters "Depth" (10), "Bandwidth" (11) and
?D‘?Y;zm]m Fiter 0 Fiter 1 | Fiter2| Fiter 3 Welosity cil cycle time (us): "Frequency" (12) must now be determined and
: 22%3;”3‘12;1&““ Gurerconnarevaba e 07 s g, [0 entered; see the diagram "Bode Plot" below for this.
o - Display .
o o e s The parameters entered lead internally to the
b e ko [owrwm [ 110 calculation of the coefficients by, b,, b,, and a,, a,
et Bt | (see the above diagram "1t and 2™ order IIR filter" for
ET-Controller Overview Frequency Hz) | 12 this)
+ Position Controller Unil .
E Welocity Controller Unil_J
..giliiliiti‘éim; 13 Click on the "Download" button (13) to conclude the
Bt st U parameterisation. If you are online these parameters
! | o : : _ ~| are loaded directly into the AX5000 and activated. If
Offfine | AwisState | DisgCode | Diaghsg | Umain DK | Delink OK | AmpkTe. | Actuslop.. | w<=vw D | Pasitt
ol Ll . . | * , Yyouare offline they are only written into the start-up
— list.

"Classic" method — step by step

The "Step by step" extension enables you to

General | EtherCAT | DC | Process Data | Statup| SoE - Oniine | Online  Configuration |

B o MR ety calculate and enter the coefficients b,, b,, b,, and a,
2|2 uead [TE[S <[] @[3 2 3] 7 | [hange Phase =] . " ) ’ 4 ’
= - a, yourself (see the above diagram "1*t and 2™ order
B | B s [IR filter"). Among other things you can now compare
¥ coen f_% the values calculated by the software with your own
Scopez 5: Nateh fiter - ¥ Step by step X
agato — e o e values and see how changing the parameters affects
Saris EIE 1? 10 . the coefficients.
EC””L’:‘!::SLZ':;?%W Frasotd 12 A Q The "Step by step" extension is activated by checking
= Yelocity Controller Unit
sk e 18 the "Step by step" checkbox (14). You can now enter
6 17 18 the parameters (10) to (12) as described in the
4 — o _ % previous section, after which you click on the button
Offine | _AsisState | Diag Code DiagMsg | Umain OK_| Delink OK | Ampl-Te. | Actuslop. | v<=w_0 | Positivec.. | Megative
s - C—— *  ° °, (15). Subsequently, you can read off the calculated

coefficients in area (16). If you wish to accept these
coefficients, click on the button (17); they are now
entered automatically into area (18).

Alternatively you can also determine the coefficients
yourself and enter them in area (18).

If you finally click on the "Download" button (19), the
values are always taken from area (18). If you are
online these parameters are loaded directly into the
AX5000 and activated. If you are offline they are only
written into the start-up list. The calculated values
from area (16) and the parameters (10) to (12)
remain visible for information purposes.
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"Low-pass and high-pass filter" method

General | EtherCAT | DE | Process Data | Startup | Sof - Onine | Oniine Ennﬁguvamn|
16> No fink

Linked NC/CHIC axes: 1 [CF i
2|2 wbad [R5 <[] |2 3] 2 | [Shange Prase =]
Tree x

5 Devics B
Device Info

Filter 0 | Filter 1 | Filter 2 | Filker 3

Welocity chil cycle time (us):

- Pawer Hanagement
- Safety Option
Display
Stopez
- Digital 1/0
Watch Window

Current command value fiter O.Filer type

Low pass fiker damping

Filtertime(s}

4|

3

e

Math Factor. [
- I™ Step by step
23
Low pass fiter fequency (Hz). [N | 24
| 25

|23

Hich pass e recuercy (1), [N | 27

o | ———————————<_ 28

ES

Offfine | AwisState | Diag Code
annel &

DiagMsg | UmainOK | Delink OK | Ampl-Te. | Actualop.. | w<=v D | Pasiiv
. . . .

Th
4

I
]

il

This variant is activated by unchecking the "Classic"
checkbox (22).

HE You must now determine and enter the parameters

"Low pass filter damping" (23), "Low pass filter
frequency" (24), "High pass filter damping" (26) and
"High pass filter frequency" (27); the "Filter time" (25)
is calculated by the software in relation to the "Low
pass filter frequency" (24). If you wish to emulate the
classic method, you must enter the centre frequency
plus half the bandwidth in field (24) and the centre
frequency minus half the bandwidth in field (27). The
depth (10) is determined with the damping (23) or
(26); see the diagram "Bode Plot" below for this. The
parameters entered lead internally to the calculation
of the coefficients by, b,, b,, and a,, a, (see the above
diagram "1% and 2™ order IR filter" for this).

Using the methods described you can also map any
unbalances of the notch filter, among other things.

Click on the "Download" button (28) to conclude the

parameterisation. If you are online these parameters
are loaded directly into the AX5000 and activated. If
you are offline they are only written into the start-up

list.

"Low-pass and high-pass filter" method — step by step

® Expert hint!

1 The software calculates the coefficients independently using the parameters entered. If you have
sufficient experience in control technology you can also determine the coefficients yourself and thus
affect the behaviour of the filter.

The method is the same as in the "Classic method" — step by step.

Bode Plot
11

Bandwith
—

Magnitude (dB)
=
T

________________

______________

hid-hand frequency

12

Fregquency {rad/sek)

AX5000
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13.4 1st order low pass filter

The 1% order low pass filter attenuates all frequencies
IBEORIAE L& %‘MI‘@E‘”J 7““*"?“*‘9'@@0 B3 above the specified limit frequency. Select a servo
L Lk I . | —, drive (1) in the TwinCAT System Manager, start the
= 212w [T |- @ , ; . .
g T EETSre— e | CDriveManager (2), click on the respective axis (3)
i Q—'—‘—Le@ and select the "Current command value filter" (4).
= 29 == 3 A maximum of four filters are evaluated, which can be
G e - parameterised independently of one another. In area
PSS O, (6), activate the filter that you would like to occupy
e 00— with the low pass filter. The cycle time of the velocity
controller is indicated in field (7). The "QMath Factor"
TR |_F: _________________ (8)determines the scaling of the filter input
" o * parameter. With the current filter implementation the
maximum possible resolution is achieved with the
default value "30".
Now select "Low pass filter 1. order" (29) from the
drop down menu.
13.4.1 Parameterisation of the filter

Warning, risk of injury from uncontrolled movements!

Impermissible damping values lead to a strong phase shift, which can result in uncontrolled acceleration of
the motor and other instable states.

This filter is parameterised with the parameter "Limit frequency" (30). The time constant (31) is calculated
from the limit frequency according to the following equation
"Time constant [s] = 1 / (2*Pi*Limit frequency [Hz] )".

Determination of the limit frequency

The following test provides information about possibly existing interference frequencies: Drive through the
necessary operating speed range and make a scope recording of the actual active current (IDN S-0-0084). A
frequency analysis shows possibly existing resonance points.

® Phase shift

With this filter you have no influence on the damping and any resulting phase shift. If you are not
sure whether a phase shift is permissible, please use the "Phase correction filter 1. order"

General | EtherCAT | DC | ProcessData| Stattup | SoE - Oniine | rline  Configuration
lnk

Click on the "Download" button (32) to conclude the

1ot . . .
B e parameterisation. If you are online these parameters
= Al 3 T are loaded directly into the AX5000 and activated. If

B-Device Filer D Fiker 1 | Fiter 2| Fiter3 Welosiy ci cycle ime (us} ffli h | : . h
e Infs -
you are offline they are only written into the start-up
aateny Ot et commend value i OFer 92— g octor LI list
Cisplay ISL.
Scopez 1: Low pass fiter 1.order 3 I Step by step
Digital 1/0 ~Inputs
Watch Window
£ Channel A
':’”j:i;mgmm Low pass ik requency (Hz: [ 30
25 Controler Oversiew [w— o] 3

Position Controller Uit
- Velockty Controller Unit
Velasity Filter
velacity Observer 32
Current command valo

~Uff Control -

ol L

Offine | AwisStete | DiagCode | DisgMsg | Umain Ok [ Dolink OK [ Ampk-Te. [ Actualop. | ve=v D | Postivec. [ Hegative.. |
Chanel A A . . . O O
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Example:

[ —
3

-10

-20 —

-30

Amplitude (dB)

Phase (°)

Limit frequency = 6280 Hz

10°

Frequency (Hz)

Frequency (Hz)

107

10"

With this example the frequency response of the PT1
filters has been illustrated for clarity. The Bode plot
(logarithmic frequency curve) shows the amplitude
over frequency in the upper area and the associated
phase shift over frequency in the lower area. Seen
together, it is recognisable that a phase shift results
from the damping of the amplitude.

Parameter inputs in the TCDriveManager:

Limit frequency = 6280 Hz
(Time constant = 0.025343)

"1t order low pass filter" — method — "step by step”

1

Expert hint!

The software calculates the coefficients independently using the parameters entered. If you have
sufficient experience in control technology you can also determine the coefficients yourself and thus

affect the behaviour of the filter.

The method is the same as in the "Notch filter classic method" — "step by step".

13.5 1st order phase correction filter

Fle Edt Acions View Options Help

GBloees|nd @a/deanceR eqees €D

atir

General| EtherCAT | DC
Linked NC/ENC aes: 1 [0

| Prosess Data | Startup| o - Orine | Elnhr\

<

D
Scope2
Digital 110
atch Window
el A

2| % wosd [Te[= <[~ &= | 3y] 2 | [hange Phase =]
Tree x

T D

Offine_ | visState | DiagCode |  DisgMsg [ UmainOK [ DolinkOK [ Ampk.Te.. [Actualop.. [ vesv
anel & B . . O

th

The 1% order phase correction filter attenuates all
frequencies above the limit frequency entered. Select
a servo drive (1) in the TwinCAT System Manager,

m= start the TCDriveManager (2), click on the respective

axis (3) and select the "Current command value filter"
(4)-

A maximum of four filters are evaluated, which can be
parameterised independently of one another. In area
(6), activate the filter that you would like to occupy
with the phase correction filter. The cycle time of the
velocity controller is indicated in field (7). The "QMath
Factor" (8) determines the scaling of the filter input
parameter. With the current filter implementation the
maximum possible resolution is achieved with the
default value "30".

Now select "Phase correction filter 1. order" (33) from
the drop down menu.

AX5000
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13.5.1

Parameterisation of the filter

Warning, risk of injury from uncontrolled movements!

Impermissible damping values lead to a strong phase shift, which can result in uncontrolled acceleration of
the motor and other instable states.

General | EtherCAT | DC
Linked NC/CNC ases: | |Cl

| Process Data | Startup | Sof - Online | Orine  Configuration |
link

2|2 wead [le[= =] m[a] E[WH[2
Tree x

e
Safety Option
H Display
{ -Scopez
i Digtal If0
© e WWatch Windove

= UJF Contral

[-Chang

@ Phase x|

‘elocity chil cycle time [us)

)

Curent command value filter O.Filter type

QMath Factor. EEI

I~ Step by step

Fille! timefs)

‘U.UUUUZS

36

‘37

This filter is parameterised with the parameters "Limit
frequency" (35) and "Damping" (34). The time

- constant (36) is calculated from the limit frequency

according to the following equation --> "Time
constant [s] = 1/ (2*Pi*Limit frequency [Hz])".

Determination of the limit frequency

The following test provides information about possibly
existing interference frequencies: Drive through the
necessary operating speed range and make a scope
recording of the actual active current (IDN S-0-0084).
A frequency analysis shows possibly existing
resonance points.

Offine | AwisState | DiagCode |  DiagMsg | Urasin OK | Delink OK [ Ampl-Te. | Actuslop. | ve=v 0 | Posiive
hannel & o . . .

Click on the "Download" button (37) to conclude the

parameterisation. If you are online these parameters
are loaded directly into the AX5000 and activated. If
you are offline they are only written into the start-up

list.

[al

The limitation of the damping of the amplitude
ensures that the phase shift returns to zero. The
limited damping is adequate for most drive
applications.

Example:

aaaaaaaa

With this example the frequency response of the PT1
filters has been illustrated for clarity. The Bode plot

= T 32 : - (logarithmic frequency curve) shows the amplitude
iz s , (Y ; 1 over frequency in the upper area and the associated
<1 9 phase shift over frequency in the lower area. Seen
H : - : : together, it is recognisable that a phase shift results
w | fromthe damping of the amplitude.

Parameter inputs in the TCDriveManager:

Time constant = 0.000025 s
(Limit frequency = 6280 Hz)

4 Damping:
do=0
d1=10.05
d3=0.15

d4 =0.35

Limit fiaquency = 6280Hz Fraquency (Hz)

10

"Phase correction filter 1. order" — method - "step by step"

® Expert hint!

1

The method is the same as in the "Notch filter classic method" — "step by step".

The software calculates the coefficients independently using the parameters entered. If you have
sufficient experience in control technology you can also determine the coefficients yourself and thus
affect the behaviour of the filter.
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14 |*t calculation in the AX5000 servo drive

® Reference variables for the I*t calculation:
1 P-0-0052; P-0-0090; P-0-0091; P-0-0092; P-0-0093

The I*t calculation serves as a protective function for the output stage of the AX5000 servo drive. The max.
permissible overcurrent time area (I*t,.,, ) depends on the size of the devices. The servo drive can supply the
peak current for the time t...,. The value is then limited to the nominal current on expiry of t..,.

In earlier firmware revisions the max. permissible overcurrent time area could not be used fully. From
firmware v2.06 (build 18) the complete overcurrent time area of the servo drive is now available.

The overcurrent time area of the servo drive depends on the peak and nominal current of the
different device sizes:

I - t0: = (peak current — rated current) - tpa:

If the demanded overcurrent is smaller than the peak current, it can be supplied for a longer time. The
possible time t,,, can be calculated as follows:

(peak current — rated current) - tpax

tAppl = —
PPE applications current — rated current

The calculation is influenced by the following parameters:

Number Name Note

P-0-0052 Time limitation for peak current = 0 for max. utilization of the I*t
area

P-0-0090 Channel peak current Dependent on the size

P-0-0091 Channel rated current Dependent on the size

P-0-0092 Configured channel peak current  |Dependent on the application

P-0-0093 Configured channel rated current  |Dependent on the application

S-0-0112 Amplifier rated current Dependent on the size

trna Max. time for | ., device-related 3 s” or 7 s?

. 3 s for servo drives > AX5140 (see electrical data in the AX5000 system manual)

2. 7 s for servo drives from the AX52xx and AX5101 — AX5140 series.

On changing status from Pre-Op to Op, the firmware in the AX5000 checks whether the value set in
parameter P-0-0052 is permissible. A parameter error appears if the value is impermissible.

With the inserted parameters, the equation mentioned above looks like this:

(P-0-0090 — P~0-0091) - £,
Tappl — P-0-0091

tAppl -

The current is limited to the value of P-0-0091 on expiry of the time t,,,.

Meaning of the parameter P-0-0052:

P-0-0052 should generally be set to 0 so that the AX5000 supplies the overcurrent for the maximum possible
time.

For reasons of compatibility, the default value is not zero, but 3000 ms. Two cases must be distinguished
when setting P-0-0052:
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1) P-0-0052 =0

(P-0-0090 — P-0-0091) - ty00
I app — P-0-0091

tAppl =
The current |, is always supplied for the max. possible time (max. 1000 s).

2) 0 < P-0-0052 < P-0-0052,,,, (compatibility mode)

(P-0-0092 — P-0-0093) - P—0-0052
Lyl — P—0-0093

tAppl =

A current in the magnitude of the parameter P-0-0092 is limited after the set time
(P-0-0052 = 1 ms...65535 ms) to the value of the parameter P-0-0093.
With |, < P-0-0092, t,,, is > P-0-0052.

Appl

14.1 Special features in the case of an AX520x two-channel
device

In the case of the AX520x, the parameter S-0-0112 indicates the sum of the nominal currents for both
channels. The value is device-related.

It is possible to enlarge the value of the nominal current (P-0-0093) for one channel to more than half of the
value of the sum. As a result, this channel receives a larger portion of the overcurrent time area. The
remainder of the nominal sum current is available to the second channel.

In the above calculation, P-0-0091 is replaced by the configured channel nominal current P-0-0093 or half of
the nominal sum current:

Where | s = maximum from P-0-0093 and S-0-0112/ 2:

(P*O*0090 - Iconf) : tma:c
IAppl - Iconf

tAppl -

Example: AX5203

How long can a current of 7 A be supplied with the settings for channel A selected here?

Number Name Value channel A Value channel B

P-0-0052 Time limitation for peak |0 A 0A
current

P-0-0090 Channel peak current 10A 10A

P-0-0091 Channel rated current 6 A 6 A

P-0-0092 Configured channel peak |7 A 7A
current

P-0-0093 Configured channel 35A 2A
current

P-0-0112 Amplifier rated current 6 A 6 A

tnax Max. time for | 7s 7s

o =max (3.5A;6 A/2)=35A

(I0A—-3,5A4)-Ts
t — :1
App! TA—35A4 35
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After 13 s the current of 7 A is limited to 3.5 A (P-0-0093).

For channel B, the following applies: I, = S-0-0112 — P-0-0093 (Ch A)
In the example. |, =6 A—3.5A=25A

(10A—2,5A4)-7s
TA—-25A

tAppl == =11.66s

After 11.66 s the current of 7 A is limited to 2 A (P-0-0093).
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14.1.1 Taking AX5206 as an example

The rated current for channel A is increased to 6.6 A and the peak current setto 11 A.

Reference values for the example calculation (channel A):

IDN Description Value

S-0-0112 Amplifier rated current 12.0 A (fixed)

P-0-0052 Time limitation for peak current |0

P-0-0090 Channel peak current 13.0 A (fixed)

P-0-0091 Channel rated current 6.0 A (fixed)

P-0-0092 (channel A)  |Configured channel peak current |11.0 A

P-0-0093 (channel A) |Configured channel current 6.6 A (> P-0-0091, therefore select this value)
tnax Max. time for | e 7.0 s (fixed)

Calculation for channel A

Total overcurrent time area of the device:

I-t, = (P-0-0090 - P-0-0093) - 7s = (13A - 6,6A) - 7s = 44,8s
Maximum possible time (P-0-0052,,..,):
o I-t.. 44,85 _
P-0-0052, . = — = = 10,18s
' P-0-0092 - P-0-0093 11A - 6,6A

The set maximum current of 11 A can be provided for 10.18 sec.
After that the current is limited to P-0-0093 (6.6 A).
The maximum settable time in P-0-0052 is thus 10.18 s.

Calculation for channel B
There is a limitation in P-0-0093 for channel B in this example:

P-0-0093,,, = S-0-0112 — P-0-0093 (Ch. A) = 5.4 A

Reference values for the example calculation (channel B):

IDN Description Value
P-0-0052 Time limitation for peak current 0
P-0-0092 Configured channel peak current 11A
P-0-0093,,., Configured channel current 54 A

Maximum possible time (P-0-0052,,..,):
(P-0-0090 - P-0-0093 ) - 7s (13A - 5,4A) - 7s

~max

P-0-0052, = — _ - = 9,50
- P-0-0092 - P-0-0093 1IA - 544

= max

The set maximum current of 11 A can be provided for 9.50 sec.
After that the current is limited to P-0-0093 (5.4 A).
The maximum settable time in P-0-0052 is thus 9.50 s.

® Although a smaller value is set for P-0-0093, P-0-0093,,.., is used in the calculation.

1
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15 Configuration and control of the motor brake

® Reference values of the motor brake:

S-0-0134; S-0-0163; S-0-0206; S-0-0207; S-0-0273; P-0-0059; P-0-0060; P-0-0072; P-0-0096;
P-0-0097

If your servomotor is equipped with a motor brake, it is controlled via the AX5000 servo drive. For Beckhoff
servomotors of the AM8000 series, the data for the motor brake are taken from the electronic type plate (or
offline from the motor data files *.xeds). The motor data generator can be used to create motor data files for
third-party motors. In situations with special application requirements, the motor brake can be opened and
closed using the ,MotorCtriWord" or via the TC3 Drive Manager for testing purposes.

In the TC3 Drive Manager the IDNs for the motor

Algemein | EtherCAT | DC | Prozessdaten | Startup | SoE - Orline [ Onine | Drive Manager

Liked NC/CN axes:  ChannelAc-s0C: Achse 4 brake are consolidated in a group under
‘ IEEE |5 ot & 3 2 [[Songe prose ,Configuration — Motor and Feedback — Motor
Tree x “
Devies P— brake®.
(- Channel A . .

& Configuration e me W e Uit The selection options for IDN P-0-0060 (motor brake)

| & Motor and Feedback R et & e . . . .

e SO0TS M drve of dly e 1000 = are described in chapter Configuration [P 77].
Fesdbaci e * Further information on the parameters S-0-0206 and

Feedback 2

| - scngond NCparamas|| | = U 0 Sendara g S-0-0207, and on manual control of the motor brake
i ..Process Data/Operation n rsvd 0 .
| ) Controller overview 5 00072 mwlt:rl;?kr:da\a . \ can be found in Chapter Control }7_91
; - Pasition controller LR =
H Blectrical power 0 w . H H
if iciocty: conlrohes e 0 2. The holding torque of the motor brake is mapped in

parameter P-0-0072 (motor brake data). The moment
of inertia is added to that of the servomotor.

15.1 Configuration

Configuration of the motor brake in the TC3 Drive Manager takes place via parameter P-0-0060. The setting
options of this IDN are described below.

Type

£ P-0-0060  Motor brake |

T W 1 Ftor b oo ocked .
lUsage 0; No motor brake

ravd 1: Motor brake: cumentless locked

_. POD072  Mator brake data 2- Bdemal motor brake: cumentless locked

Default value: 0 No motor brake

Here you can choose between the following settings:

* 0: No motor brake
The servomotor has no holding brake.

* 1: Motor brake: currentless locked
The servomotor has a holding brake. If no current flows through the holding brake, the brake is closed
and the rotor is prevented from moving.

+ 2: External motor brake: currentless locked (from firmware v2.10)
A servomotor with electronic type plate is used without motor brake. The AX5000 is intended to control
an external motor brake via the brake output.
For this combination the setting ,,2: External motor brake: currentless locked“ must be selected,
otherwise a parameter error (F4A5) is issued.
This error message describes a software conflict between the setting in P-0-0060 and the entry in the
electronic type plate of the servomotor.

Usage
-P-0-0060  Motor brake
Type 1: Motor brake: cumentless locked
=S [ Stordrd g broke
rsvd 0 Standard holding brake
PDO072 Motor brake data 1: Holdino brake  Emenoency brake

AX5000 Version: 1.9.1 77



Configuration and control of the motor brake BEGKHOFF

Default value: 0 Standard holding brake

Here you can choose between the following settings:

» 0: Standard holding brake
The default settings of the holding brake are used, based on which the holding brake only engages at
standstill.

* 1: Holding brake: Emergency brake
When an error message occurs at the AX5000 servo drive, the holding brake engages (independent of
standstill monitoring S-0-0124). Therefore the holding brake also acts on rotating axes. This can lead to
increased wear and premature failure!

A CAUTION

Risk of injury through falling or moving axes!
As a rule, holding brakes in Beckhoff servomotors are not designed for service braking of the axes!
Service braking causes increased wear of the holding brake!

The service life would be reduced significantly. Increased wear leads to premature failure of the
components.

High risk of injury through axes that failed to stop! Particularly applications with vertical axes can have a
high risk potential.

Check the different machine states and the brake control in different scenarios. If necessary, install an
additional (safe) service brake.
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15.2 Control

The motor brake is generally controlled automatically via the AX5000 servo drive. For manual control, select
the service function ,Manual brake control* in the TC3 Drive Manager. This function is described later in this
chapter.

Flow diagram for the motor brake control

The following diagram shows the temporal and functional relationship between the enable signal and
opening and closing of the motor brake.

W N7/ AR A,
W\ 7777, . 722227),
N 7 77| -
- %_"ﬂf_ff_"////////////// .
. 7. 7 .
17 777

holding brake to the AX5000 servo drive.

2 | The control loop of the AX5000 is activated (Viage; = 0). 2 The servo drive detects the standstill of the axis with the aid of
the standstill window
(S-0-0124 and the time (P-0-0354).

3 | The brake output at the servo drive is now triggered. 3 The controller (NC) disables the axis. The AX5000 servo drive
continues to control with it v, = 0. The axis now no longer
follows the setpoints of the controller (NC). Bit 3 in the status
word is set to 0.

4 |When the "Drive on delay time" (S-0-0206) has 4 The brake output for the motor brake is now disabled.
elapsed, the servo drive follows the setpoints of the
controller. This sets bit 3 in the status word (NC).

5  |The controller (NC) now specifies a travel profile for the | |5 When the "Drive off delay time" (S-0-0207) has elapsed, the
servo drive. controller in the AX5000 is disabled.

6 |The standstill flag changes its status from 1 to 0, since 6 The drive control is now fully disabled.
the axis is now in motion.

NOTICE

Weight counterbalance!

If the axis drops on enable, the weight counterbalance should be activated with S-0-0163. Enter the current
value required by the drive for holding the axis. For a stationary axis this can be read in parameter
S-0-0084.
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Manual control of the motor brake for testing purposes

In order to use the service function of the TC3 Drive Manager for the motor brake, select it in the TC3 Drive
Manager under ,Service functions — Manual brake control”.

Default setting

Algemein | EtherCAT | DC | Prozessdaten | Startup | Sof -Oniine | Online | Drive Manager The default setting c_)f the motor brake is "AUtom‘:“’t’C :
Linked NC/CNC axes:  ChannelAc=sNC: Achse 1 Chemmeli<shic 2« 1 NE enabled mod.e IS displayed under nACt_Value
2% & |EEE % o 5 N ? | [Cogerrase ) (current value). If it differs from your selection, the

text is shown in red.

Tree x

) Device e The current status of the motor brake is shown under

=-ChannelA ActValue: Automatic »,Motor brake status®. It can be ,Locked" or

..Conﬁguratlon e UnlOCked“

= Service functions 2 omatic ” -

el ke core! i The status changes when a new start-up list is

rive commands A R lock
Calibrate commutation o ki downloaded‘

uning Mator brake status

iagnostics Automatic: Locked

»Force unlock® option

: The motor brake is released via the command ,Force
Allgemein | EtherCAT | DC | Prozessdaten | Startup I SaE - Online I Orline | Drive Manager

Linked NC/CNC axes: ChannelA<==MNC: Achse 1 ChannelB==>NC: Act Un/OCk‘ -

% 2 L|[EE)E | % Jw 0 U ? |[cewerrese -]  Release the holding brake as follows:
Tree 23 » Activate Force unlock

[#- Device

Motor brake contral

B Channel A ActValue: Automatic

i - Configuration B » Press the Download button L2 )
ervice functions g

Manual brake control () Force lock

rive commands
alibrate commutation o

(@) Force unlock

The change is activated via the ,Download” button. It

Motor brake status contains your new settings.
iagnostics

;o Automatic: Locked

r Channel B

You have successfully released your motor brake.
Controlling the motor brake for special application requirements
The parameters P-0-0096 (motor control word) and P-0-0097 (motor status word) are available for situations

where the motor brake has to be controlled from within the application. The following table shows the
command sequence for unlocking and locking the brake from the PLC.

Release the brake Lock the brake

Control-Word (P-0-0096) Status-Word (P-0-0097) |Control-Word (P-0-0096) Status-Word (P-0-0097)
0x0000 0x0000

0x0002 0x0001
0x0003 0x0000

The PLC block: FB_SoEAX5000SetMotorCtrlWord is available for simplified control of the motor brake.
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16 Configuration of a second feedback on the AX5000
servo drive

In some applications, it is useful to use a second encoder mounted directly on the load in addition to the
motor feedback. The motor feedback is always necessary for commutation and speed control. The second
encoder can be used for position control.

16.1 Possible encoders for the second feedback

All feedbacks that the AX5000 can evaluate, except resolver and MES, can also be configured as second
feedback. Typically, a linear encoder is used, for example, to be independent of inaccuracies of a linear
spindle.

If an AM8000 motor with OCT feedback is used, the encoder input of the AX5000, X11/ X21, remains free
and can be used for an incremental encoder with sine/cosine signals or for an encoder with incremental and
absolute (digital) signals.

For the use of a purely digital encoder with EnDat 2.2 or BISS-C interface, the AX572x option card is
required.

16.2 Initial commissioning
Initially, commission the servo axis with the motor feedback only, ignoring the second encoder. Set the

scaling factor for the NC axis and also adjust the parameters of the speed controller to the application. For
information, refer to the AX5000 system manual and the AX5000 tuning guide.
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16.3 Configuration of the

second encoder

Please refer to the AX5000 system manual on how to connect the encoder.

In the Tc Drive Manager, select the "Feedback 2" page and "Select a Motorfeedback" to select the encoder
from the list of supported feedbacks. In the following example, a linear encoder from Heidenhain with EnDat

interface and sine-cosine signals is selected:

TwinCAT Projekt] =

Allgemein EBtherCAT DC

Linked NC/CNC axes: ChannelA<=>NC: Achse 1

Prozessdaten Statup  SoE - Online Online

|$ﬁ&.|TEIEIEE|Wﬂ‘Q5\' 2 |-ChangePhase-

= Configuraticn
- Motor and Feedback

Tree X

= Device ~ Trozs
- Device settings re | Sl
.. Power management Feedback connector _
... Safety option 0: No connector w Serig Fot availabel,
- Display Infa:
- Digital /O ‘
- Watch window Gear Ratio

= Channel A Singletum Il] Bit 1 / |1

Multi4+um resolution ID Bit

- Motor ™ Invert feedback direction
Motor brake Parameter list: (court = 4)
Feedback 1
E Teedback 2 IDM Select a Motorfeedback. (SchemaVersion.2.0) O >
=~ Scaling and NC parameters 5
i Medule value [+ Bosch Rexroth | oK |
Process Data/Operation mod - FAGOR
- FIOCEss L'ata F!EI'E 1N ma - Gl‘url Cancel
- Controller overview =~ & Heidenhain
- W/ control [~ (= Defautt
- Probe unit &- - Heid&#EnDat2.2
- Error reaction / drive halt & =) Heid#LC
. Pararneter list - P-0H i e LC183-20um-5W-1Vpp-2E1-3u-5nm (ver.2.2.11)
5. Service functions v - P04 83-20um-5V-1Vpp-2E1-6u-10nm (ver.22.11)
= = - P00 LC185-20um-5W-1Vpp-2E1-3u-5nm (ver.2.2.11)
. : . _ LC185-20um-5V-1Vpp-2E1-5u-10nm fver 2 2 11) E
Offine | AusState | DiagCode | Diag Ms LC281-40um-5V-1Vpp-2E1-5u-10nm fver.2.2.11) g
Channel A Rl - LC483-20um-5V-1Vpp-2E1-3u-5nm (ver.2.2.11)
Confirm the message with "OK". The mentioned settings are described below.
Select feedback 2 >
Please check and set the correct value for ‘Resolution per
rotation’
in 'P-0-0120.Process channel.Data.5in/Cos or TTL'.
If the correct connector is not set automatically, select it from the list:
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TwinCAT Projekt] + X

Allgemein BtherCAT DC Prozessdaten Statup SoF -Orline  Online  Drive Manager
Linked MC/CNC axes: ChannelA<=:MNC: Achse 1

| &|TEIE| |>55N—.l.‘._‘13\, ? |-Change|:'hase-

Tree »®
- Device ~ || Twe:  |[Heid#LC18320um5V-1Vpp2ET 6 | Sean  [Se
- Device settings
-. Power management Feedback connector .
. Safety option 0: No connector w Serial
: 0: No connector
- Display 311 (Front_ Encoder, Channel A
- Digital 1/0 : . .
- Watch window 14: ¥14 (One cable feedback, Channel A) Gear Ratio
=8 Channel A 41: ¥41 (Option Slot, Encoder, Channel A) I.I— |

El Configuration

Open the parameter P-0-0180 to get to the entry Process channel/Data/Sin / Cos/:
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Tincatprojeiet = [

Allgemein  BtherCAT DC Prozessdaten Statup SoF -Online  Orline  Drive Manager
Linked NC/CNC axes: Channelf<==MNC: Achse 1
|'f'r:|:|$ |>&Mﬂﬂ%?|-€hangePhase-
Tree x
B-Device Type:  [Heid#LC18320um5V-TVpp2ET5u | Scan [ Select | [ Reset |
- Device settings
- Power management Feedback connector )
. Safety option 3: X117 (Front, Encoder, Channel A) v Serial nat availabel.
- Display Info:  |Linear; EnDat 2.1
- Digital 1/0
- Watch window Gear Ratio
= Channel A 1 /N
=8 Configuration
|_:_| Motor and Feedback
__ Motor [ Invert feedback direction
Motor brake Parameter list: {count = 4)
[i]- Feedback 1 ,
__ Feedback 2 DM Mame SetValue Unit
&- Scaling and NC parameters Manufacturer 2 Heidenhain
' Modulo value Feedback type 1: Linearfeed...
] Feedback type string Heid#LC183-...
- Process Data/Operation moc Feedback use 1- Additional
i~ Controller overview Feedback direction 0: Positive d...
- W{f control - Power settings
- Probe unit [=- Process channel
. Error reaction S drive halt || @ ¢ i Process inteface 1: 5in 4 Cos ...
- Parameter list : Connector 3 X171 (Front, ...
[#- Service functions =- ; Data
[+ Diagnostics = Sim’Cus. -
-1 Signal periods per rotation 500
-1 Length per signal period 20000 nm
- 5in gain comection 1.000
- 5in offeet comection 0
- Cog gain comection 1.000
- Cos offset comection 0
- 5inCos 1Vss monitoring {0 Emor manit...

"Length per signal period" is set automatically from the database.

You must select "Signal periods per rotation" so that the product of the two gives the travel distance of the
load during one motor rotation.

Example: The motor drives a ball screw with 10 mm pitch.

=> The load moves 10 mm per motor rotation.

Length per signal period = 20000 nm is automatically set from the database.

Signal periods per rotation = 10 mm /20000 nm = 500

Note: Both parameters must have correct values for both rotary and linear feedback.

Add parameter P-0-0053 to the process image and ensure that the operating mode remains "11_ pos ctrl.
feedback 1, lag less".
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Tincaroict o I

Allgemein  EtherCAT DC Prozessdaten Startup SoE - Online  Online Drive Manager
Linked NC/ACNC axes:  ChannelA<=3NC: Achse 1

|T'E|=|$ |3E9" %N ? |-ChangePhase—

Tree X
& Device . Linked NcAs: TINC"NC-Task 1 SAF"Axes"Achse 1 Change link
i o Device settings
p Configured operation modes:
- FOWEr management
- Safety option DM MNarme ActValue SetValue Add
- Display 500032 Primary operation mode 11: pos ctrl feedback 1lag less Remove
- Digital 1/'0
i - Watch window
- Channel &
=~ Configuration AT or MDT: AT =
[+ Motor and Feedback
. Awailable parameters for Process Data Parameters for Process Data
- Scaling and NC parameters
p Data/Operation mot S50-0011: Class 1 diagnostic {C10) A 5-0-0135: Drive status word
- RSl 5-0:0012: Class 2 diagnostic {C20) S-0-0051: Postion feedback 1 value (motor feedbs
[#- Controller overview S5-0-0013: Class 3 diagnostic (C30) : ing distance
- \J/f contral S5-0-0025: MDT emor counter -0-0053: Position feedback 2 value (extemal feec
! S-0-0040: Velocity feedback 1 value
- Probe unit S-0-0034: Torqueforce feedback value Up
.. Error reaction / drive halt 5-0-0130: Probe value 1 positive edge
. 5-0-0131: Probe value 1 negative edge
F?aramete.r list S5-0-0156: Velocity feedback 2 value (extemal f << Down
[ Service functions 50-0164: Acceleration feedback 1 value
(- Diagnaostics 5-0-0175: Probe status
ST Valnrts amar

Execute "Activate configuration" for the changes to take effect.

16.4 Checking the second feedback

The aim of the check is to compare differences of both position signals and to make sure that both measure
the same distance and count in the same direction.

For this purpose it is necessary either to move the axis with feedback 1 or to move it manually. To easily
compare the values, they can be inserted into the Watch Window:

ADS Symbol Watch *OXx
Symbol Value Type Path
Position feedback 1 value DINT E/A.Gerdte. Gerdt 1 (EtherCAT). Antrieb 1 (AX5106-0000-0213).AT
Position feedback 2 value (external feedback) DINT E/A. Gerdte. Gerdt 1 (EtherCAT). Antrieb 1 (4X5106-0000-0213).AT
4 >

The absolute values of both feedbacks are different. Compare only differences: note the values and move
the axis by a defined distance. Read the new values and determine the differences for both feedbacks.

Both counted in the same direction? If not, the counting direction for feedback 2 can be inverted:
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Configuration of a second feedback on the AX5000 servo drive

TwinCAT Projektl & X

Allgemein EtherCAT DC Prozessdsten Statup SoE -Online Online  Drive Manager
- Linked MCACNC axes:  ChannelA<=>NC: Achse 1
|TE|=|$ |>§Dﬂ§—,|,‘q3§, ?l-ChangePhase—
Tree X
" Device Type:  |Heid#LC183-20um-5V-1Vpp-2E1-5u Scan | Select | | Reset
= Channel &
= Configuration Feedback connector .
& Motor and Feedback|| |3 X11 (Front, Encoder, Channel 4}~ Serial not availabel.
- Motor Infa: Linear; EnDat 2.1
- Motor brake
- Feedback 1 Gear Ratio
- Feedback 2 1 /0
[#- Scaling and NC paral
- Process Data/Operat
(- Controller overview [ Invert feedback direction
- V/f contral Parameter list: (count = 4)
- Probe unit K
. Error reaction / drive DM Mame ActValue SetValue Unit
.. Parameter list G- F-00180 - Feedback 2type
) . P-0-0182 Feedback 2 gear numerator 1
&t Sér\rlce fl.-lr'ICtIClﬂS i P{-0183 Feedback 2 gear denominator 1
@- Diagnostics - PD0184  Feedback 2 reference signal

Please note: if the encoder has a digital and an analog channel, as in the example, you have to ensure that
both channels count in the same direction. If this is not the case, the position of the encoder will change after
the restart.

If both feedbacks have counted in the same direction but the number of counted increments differs, please
check the settings in P-0-0180 (Signal periods per rotation, Length per Signal period).

16.5 Activate the second feedback

If both feedbacks count for a certain distance in the same direction and the same number of increments, you
can switch the operation mode of the AX5000 so that it uses the second feedback for positioning:

Twincarproeat » <

Allgemein  EtherCAT DC Prozessdaten Statup SoE-Online  Online  Drive Manager
Linked NC/CNC axes:  Channelf«<=:NC: Achse 1
|TE‘=|: Iwﬂ‘l:ﬁ\, ?|-ChangePhase-

Tree x

" Device Linked Mcfwis: TINC NC-Task 1 SAF"Axes"Achse 1 Change link
= Channel A .

= Configuration Configured operation modes:
DM MName ActValue SetValue Add

= Motor and Feedback
5 Motor

Maotor brake
Feedback 1

() Feedback 2

- Scaling and NC parai

5-0-0032

12: pos ctr feedback 2 lag less

Primary operation mode Remove

. Error reaction / drive
... Parameter list

- Service functions

- Diagnostics

S0-0025%: MDT eror counter
S-0-0040: Velocity feedback 1 value
5-0-0051: Posttion feedback 1 value {motor fee >
S-0-0084: Torque.force feedback value
S-0-0130: Probe value 1 positive edge
S5-0-0131: Probe value 1 negative edge <4
S5-0-0156: Velocity feedback 2 value (extemal f
S0-0164: Acceleration feedback 1 value

AT or MDT: AT -
- Process Data/Operat
. Awailable parameters for Process Data Parameters for Process Data
- Controller overview
Vit trol S-0-0011: Class 1 diagnostic (C10) A 5-0-0135; Drive status word
- /T contro 5-0-0012: Class 2 diagnostic {C2D) 5-0-0189: Following distance
. Probe unit S40-0013: Class 3 diagnostic (C30) S0-0053: Position feedback 2 value (extemal feec

Up

Down

Tc Drive Manager will automatically link "Position feedback 2 value" with the position of the NC axis.
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Configuration of a second feedback on the AX5000 servo drive

Note: Tc Drive Manager removes "Position feedback 1 value" from the process data. If you need the value
further, add the parameter again.

16.6 Setting the "Feedback Gear Ratio"

A second example shows the setting of the feedback gear.

Application: The load is moved by a toothed belt whose pulley has a circumference of 125 mm. The motor
drives the pulley via a gear with i=3.

Feed constant for the first feedback:

125 mm/ 3 revs. = 41.6666 mm/rev.

ks

Allgemein

Linked NCACNC axes:

EtherCAT DC

Prozessdaten  Startup
ChannelAz=xNC: Achse 1

SoE - Online  Online

Drive Manager

AN, 7|

Lhange Phase-

& 2 &|[REE | v
Tree x
[+ Device

= Channel &

= Configuration

E| Motor and Feedback
-- Maotor
.. Mator brake

[+ Feedback 1

- Feedback 2
-Scaling and NC paral
- Process Data/Operat
- Controller overview
- Wff control
.. Probe unit

]
L}

[l
()

.. Error reaction / drive
.. Parameter list

- Service functions
- Diagnostics

Position resolution:
Mc feed constant:

NC scaling factor:

MC medulo scale:

| 1048576: 2°20 bt |
| |Imm LI Jmotor rotation
/ 1048576

[] Invert NC-Encoder counting direction
Default parameter settings for linked NC-axis. The value can be changed later in NC-axis configuration.

Set NC Parameters

mm/Inc

[Jinvert NC-Drive motor polarity

Parameter

£

[¥] Scale factor numerstor:
Scale factor denominator:
Reference Velocity: 1107 of Max motor speed
Maximum Velocity: 100% of Max motor speed
Manual Velocity (Fast): 30% of Max motor speed
Manual Velocity (Slow): 5% of Max motor speed
Calibration Velocty towards ple cam): 1% of Max motor speed
Calibraiion Velocity (off ple cam): 1% of Max motor speed
Acceleration: with an acceleration time of 1s

Walue

41666667
10438576

2174 23517506523
1976.57743551748
552.973230655244
98.823871775874
19.7657743551748
19.7657743551748
2564.86615327622

Linit
mm/Inc
mm/Ing
mm/s
mm/s
mm/s
mm./s
mm/s
mm./s
mm/g?

L

Max motor speed = 1976 .577 (mm/s)

The linear encoder from the above example is used again as the second feedback.

"Signal periods per rotation" must be set accordingly:

125 mm /20000 nm = 6250 (1)

To get the same number of increments per motor revolution, the feedback "Gear Ratio"

issetto 1/3:(2).

AX5000

Version: 1.9.1
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TwinCAT Projektl + X

Algemein  EtherCAT DC Prozessdaten Statup SoE -Orline Online Drive Manager
Linked NC/CNC axes: Channelfz=:NC: Achse 1

|£FJ¢,I!.|TEIEIEE|W§—‘|'EJ&' 2 |-ChangeF‘hase-

Tree X
- Device Type:  |Heid#LC183-20um-5V-TVpp-2E1Bu  Scan | Select | | Reset
= Channel A
- Configuration CEELITTIITTELD . .
2. Motor and Feedback | | |3 X11 (Front, Encoder, Channel )~ Seral not availabel.
" Motor Irfo: ||Jnear; EnDat 2.1 2
i Motor brake
- Feedback 1 Gear Ratio
- Feedback 2 1 /3
- Scaling and MC parar

- Process Data/Operati
- Controller overview [ Inven feedback direction

- WA control Parameter list: {count = 4)
- Probe unit .
- Error reaction / drive IDM Mame SetValue Unit
- Parameter list =-P-0-0180 Ceeiiiio i
(5. Service functions Manufacturer 2: Heidenhain
] ] Feedback type 1: Linear feedback
- Diagnostics Feedback type string Heid#L.C183-20um-5Y-...
Feedback use 1: Additional second m...
Feedback direction {: Positive direction
[#- Power settings
= Process channel
Process interface 1: 5in / Cos with 1V p...
Connector 3 X171 (Frort, Encoder...
= Data
_ 1
- Signal periods per rotation 6250
. |- Length per signal period 20000 nm
. -~ 5in gain comection 1.000
Sin offset comection 1]

With these settings, continue with Test and Enable as described above (Checking the second encoder,
Enabling the second encoder).

88 Version: 1.9.1 AX5000



BEGKHOFF Modulo

17 Modulo

In a rotary multi-turn-feedback system the axis position may be difficult to once the maximum multiturn rage
has been reached (overflow) and the machine is switched off and restarted. This problem can be avoided via
the controller, although the solution is rather complex and requires a UPS that enables important data to be
saved after a power failure. The modulo function of the AX5000 replaces complex programming of the
controller with a simple parameterization in the AX5000.

@® Basis of the position control in the servo drive

1 Without activation of the modulo function, the servo drive always outputs the absolute position of
the encoder, including the problem of overflow. If the modulo function is activated the servo drive
always outputs the position of the application, without overrun problems. This application position is
generally output for all position data. The servo drive also expects the setpoint values from the
controller in modulo format.

® Modulo reference values

1 S-0-0047; S-0-0048; S-0-0051; S-0-0053; S-0-0076; S-0-0091; S-0-0103; S-0-0131; S-0-0189;
P-0-0010; P-0-0159; P-0-0270; P-0-0277; P-0-0279; P-0-0554

Functionality up to firmware v2.06

The modulo function was implemented in v2.06 and is usable with the exception of operation with a prime
number gear unit.

Functionality from firmware v2.10

From this version, operation with a primary number gear unit is also possible.

Typical modulo application:
1 2 3 4

% 7

Multi-turn feedback system

Motor

Transmission (gear unit)

Application requires absolute position (e.g. turntable)

AW IN|~

17.1 Operation without modulo (application with 1:5 gear unit)

In the example below, a multi-turn absolute value feedback is used that has 4096 revolutions and a
transmission ratio of 1:5. If the maximum encoder position at 4096 revolutions is exceeded, the encoder
begins to count from zero again. It is therefore no longer possible to tell from the feedback position that 4096
revolutions have already taken place. Since a gear unit with a transmission ratio of 1:5 is used in this
example and since 4096 is not divisible by 5 without a remainder, the problem described below results. In
practice this means that, up to 4096 revolutions, the correct application position can be calculated from the
feedback position without further information. After the overwriting of the feedback overrun, this is no longer
possible without knowing the overrun that has taken place. This behavior is explained below: The first
switch-off point is at 12.5 motor revolutions or 2 application revolutions + 180°. The feedback provides the
value correctly after switching on again. The second switch-off point is at 4103 (4096+7) motor revolutions or
820 application revolutions + 216°. Due to the overrun at 4096 revolutions, the feedback system has not
taken into account the revolution in the range (a) and displays 7 motor revolutions, but only 1 application
revolution + 144°; one motor revolution (72°) is missing. This problems occurs every 4096 motor revolutions
and keeps growing by one motor revolution. In order to be able to determine the correct application position,
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the overruns or the resulting position offset must be stored on the application side. This requirement
necessitates the use of the UPS mentioned at the start, so that this can be guaranteed even in the case of a
power failure.

1* switching-off point 2" switching-off point

Zan

| 1 1 1
96 rev, 2rev. 4rev. 6re

rev. 10 rev. : 15 rev. 4090 rev. 40! V.
. 4095 rev. 1rev. 3rev. Srev. Trev.

5 revolutions o. t. motor shaft
5x72°

5 revolutions o. t. motor shaft 144° :
5x72°

1 revolution o. t. application
360° ‘

10 revolutions o. t. motor shaft
10x72° 180°

2 revolutions o. t. application
720°

® Selecting the gear unit!

1 If a gear unit with a transmission ratio of 2* is selected, the zero points of the motor revolution and
the overrun of the absolute value encoder coincide. The above behavior does not occur.

17.2 Operation with modulo

In the case of operation with a modulo, the following properties are brought to bear:
1. The range of the multi-turn encoder is subdivided into four large ranges
= Range of the multi-turn encoder = 4096 revolutions
= One quarter range = 1024 revolutions
2. Saving procedure

= On each transition from one quarter range to another, the modulo data set is modified and saved in
the servo drive (real position and CRC)

= The servo drive always has two modulo data sets saved. These data sets are used in alternation.
= A modulo data set is also saved if the EtherCAT state changes from SaveOP to PreOP.
3. Power-on procedure

= Both modulo data sets are read if the EtherCAT transition changes from Boot to Init. The last valid
data set is used to reconstruct the modulo position.

4. Power supply error (uncontrolled voltage drop of the 24 V supply)

= Under certain circumstances it may no longer be possible to save a data set because the 24 V
supply has been interrupted. Because two data sets exist at all times, however, one of them is valid
and can be used to reconstruct the modulo position at the next power-on.

5. Maximum speed during operation with modulo

= Since the saving of the modulo data sets in an internal persistent memory in the AX5000 cannot take
place at an infinitely fast speed, the motor speed is limited. An example of the calculation of the

maximum possible speed can be found in the section Maximum possible speed [»_94].
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17.3 Parameterisation

17.3.1 Activating the modulo function

Valid parameterization of the modulo function necessitates the setting of IDNs in the AX5000 as well as
corresponding parameterization of the NC or CNC. It is recommended to commission the modulo function
with the help of the TcDriveManager, since this also sets the NC or CNC parameterization correctly. The
procedure when using the TcDriveManager is described below.

The following IDNs are used for the parameterization of the modulo function:
S-0-0076 - "Position data scaling type"

The modulo function is activated with the bit "Processing format" in IDN S-0-0076 "Position data scaling
type".
= S-H076 Position data scaling type

Scaling method Z: rotational scaling 2. rotational scaling
Scaling type 1: parameter scaling 1: parameter scaling
Units for linear/rotational scaling 0: metres [m] / degrees 0 metres |m] / degrees
reserved 0 1]
Data reference 0 at the motor shaft 0 at the motor shaft
Processing format 1: madulo format 1: modulo format

[#- regerved

S-0-0103 - "Modulo Value"

The maximum calculated value for an application period is entered in IDN S-0-0103 “Modulo Value”. The unit
is "inc", and 2* inc (where x = [20 to 30], see S-0-0079) correspond to one motor revolution. For the
conversion please take into account the gear ratio of any gear unit installed after the motor. Accordingly, the
maximum modulo position is S-0-0103 - 1 inc. Please note that S-0-0103 must be > S-0-0079.

5040103 Modula Value 26214400 26214400 inc
In this example a multi-turn absolute value feedback system with 4096 turns and a gear unit with a gear ratio

of 1:5 is used. 5 motor revolutions correspond to 1 application revolution. In this case the maximum modulo
position is 5 x 22° - 1 inc, for S-0-0103 = 5 x 2%,

Absolute position of the
multi-turn feedback system
[inc]

4096 x 22 - 1 (inc)

Modulo position or
application position
[inc].

5 x 220 -1 (inc)

\
4096 rev. 4096 rev.

1 revolution o. t. application
360°

1 period o. t. absolute encoder
4096 revolutions
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P-0-0276 — ,,Modulo calculation control*

EI F‘_—tH]Z?E Modulo calculation control

= Feedback 1
Data storage 0 Modulo data storage enabled 0 Modulo data storage enabl...
- Feedback 2

Data storage 0: Modulo data storage enabled 0: Modulo data storage enabl...

This IDN can be used to select whether the offset required for the modulo calculation is to be stored
cyclically in the drive, and in a fail-safe manner.

,0: Modulo data storage enabled*:

This setting requires a multi-turn encoder, otherwise the necessary memory operations cannot be performed
fast enough. Thanks to the fail-safe storage of data, the modulo position can be reconstructed
unambiguously after the drive was switched off and back on again, provided the encoder position was not
changed by more than %z of the absolute range during the off state.

»1: Modulo data storage disabled*:

With this setting, no data are stored in the drive. It enables activation of the modulo calculation even for
feedback systems that only provide a single-turn position. However, after the drive is switched off and on
again, the modulo position cannot be reconstructed unambiguously, so that homing of the axis is necessary.

The further procedure is described in the section Configuration [P 94]

17.3.2 Influenced IDNs

| IDM Mame ActValue SetValue Unit

S$-0-0047 — “Pos command value”
The setpoint position is transmitted by the controller to the AX5000 as the modulo position and calculated
back into an absolute position in the range 0---2%2-1 inc. in the AX5000.

S$-0-0048 “Additive pos command value”
The additional setpoint position is transmitted by the controller to the AX5000 as the modulo position.

S-0-0051 “Pos feedback value 1 (motor feedback)”
The current actual position is calculated by the AX5000 from the position of the feedback system and the
current modulo data and is output as the actual modulo position (first feedback system).

S$-0-0053 “Pos feedback value 2 (external feedback)”
The current actual position is calculated by the AX5000 from the position of the feedback system and the
current modulo data and is output as the actual modulo position (second feedback system).

=- S-H0076 Position data scaling type

Scaling method 2: rotational scaling 2: rotational scaling
Scaling type 1: parameter scaling 1: parameter scaling
Units for linear/rotational scaling 0 metres [m] / degrees 0 metres [m] / degrees
reserved 1] 1]
Data reference 0 at the motor shaft 0 at the motor shaft
Processing format 1: modulo format 1: modulo format

[#]- regerved

S$-0-0076 “Position data scaling type”
This is set by the TCDriveManager on activating the modulo function. “Processing format” = 1 enables the
modulo function.

S$-0-0091 “Bipolar velocity limit value”
Maximum possible speed (see below).

S-0-0103 “Modulo Value”
Defines the modulo range. Is defined in the TCDriveManager.

S$-0-0130 “Probe value 1 positive edge”
Position value from the probe unit; this is converted in the same way as the actual value.

S$-0-0131 “Probe value 1 negative edge”
Position value from the probe unit; this is converted in the same way as the actual value.
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S$-0-0189 “Following distance”
The position lag is not reduced to the modulo period.

= P-0-0010 Feature flags

Enable adjusted velocity controller gain scaling  1: enabled 1: enabled
Enable adapted zds state machine 1: enabled 1: enabled
View enlarged emor histary 1: enabled 1: enabled
Enable excessive position deviation monitoring  1: enabled 1: enabled
View extended software versions list (P-0-0320)  1: enabled 1: enabled
Enable extended power management 1: enabled 1: enabled
Consider the "Additive position command value’ ... 1: enabled 1: enabled
Enable extended Umain checlk 1: enabled 1: enabled
Enable switching frequency reductionto 4 kHz  1: enabled 1: enabled
Enable phase clamping 1: enabled 1: enabled
BExplicit modula init data saving required 1: Yes 1. Yes

Probe untt: Hardware delay compensation 1: enabled 1: enabled
Feedback value sampling point: Adjusted to Sy... 1: Yes 1. Yes

P-0-0010 “Feature flags”, bit 10, “Explicit modulo init data saving required”
This bit is set from interface rev. 0202. The modulo calculation must be explicitly initialized if this bit is sef;

see Resetting the modulo error [P 98].

P-0-0159 “Raw position feedback value 1”
Feedback position without accounting for a position offset.

=-P00270  Saved moduio data

= Madulo init data
Feedback 1 EKM36-0KFOADTBA
Serial number feedback 1 337964339527
Feedback 2
Serial number feedback 2 0
Modulo valus 26214400

2 Data read from file

- Cumrent data

P-0-270 “Saved modulo data”
Representation of the saved modulo data for use for diagnostic purposes by AX5000 support.

E| F‘_—D—DE?? Schedule modula init data saving (PreQp->5afe.
Schedule modulo init data saving 0: No

P-0-0277 “Schedule modulo init data saving (PreOp -> SafeOp)”
If bit 0 is set to 1, the modulo Init data (serial number of the encoder, modulo value) will be saved in the
AX5000 on the next PreOp -> SafeOp transition.

P-0-0279 “Modulo Value Remainder”

This IDN must be parameterized if a prime number gear unit is used. This IDN can be used to enter the
residual (error) of the modulo period parameterized in S-0-0103, relative to the actual modulo period. The
parameterized value may be positive or negative. It should always be the smallest absolute value (see also

section “Prime number gears [P 95]")

P-0-0554 “Effective pos command value”
The IDN outputs the internally available set position value. No modulo calculation takes place for this
parameter. (See also S-0-0047 and S-0-0048)
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17.3.3 Maximum possible speed
Activation of the modulo function may result in a relevant reduction of the maximum speed.
Maximum speed:

_ 1 $-0-0103

Vo = 4 ° 520-0001

The above equation results in a limitation of the maximum value of IDN S-0-0091 "Bipolar velocity limit value"

17.4 Configuration

To configure the modulo function, proceed as follows:

B8 TwinCAT Project13 - Microsoft o (Administrator)
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
Pl (S | %G9 - S5 b [Release ~| [ TwinCAT RT (186) || # [ts -] | 3 R s B R - -
ia BB 2G| 6 || cx-10mcs )& |2 r mE|r=iz==0 e &|D0 | @E -
Solution Explorer bl TwinCAT Projectld
—
3 Solution ‘TwinCAT Projectl3 et | General | EtherCAT [ DC | Process Data [ Startup [ Sof - Online | Oni(e | Corfiguration | N()-8: Online | NC-B: Functions [ NC-A: Online | NC-A: Functions
og Soution twin . roje (& project) Linked NC/CNC ares:  Channeld<=>MNe: Az 1 e ot
4[5 TwinCAT Project13 — 2
[l svsTem |2 2[EE < =% @5 [% MW 7 |[Cengehose- v
a MOTION Tree x | '
4 |l NC-Task1 SAF
@ NC-Task 1 SVE - Device | (Feed constant: 26214400 - =l — 5
=0 . Device Info - _— -
5% Image 4 N Sostacartar mm/Inc Ne Module™>==== 24967294
- Power Management
g Tables .. Safety Option [l Invert Ne-Encoder Counting Direction |1 Invert Ne-Drive motor polarity
4 e .. Display Default parameter settings for linked Ne-axis. The value can be changed later in Ne-axds configuration.
> B Adsd .. Digital /O
PLC> Bt iz 2 .. Watch Window Parameter Value Uit
SAFETY =- Channel A Reference Velocity: 110% of Max motor speed 11663.1614293333 mm/s
c EI Parameter Madmum Velocity: 100% of Max motor speed 10602 8740266667 mm/s
o -Axis Management Manual Velocity (Fast): 30% of Max motor speed 3180.862208 mm/s
4 vo &1 Controller Overview 3 Manual Velocity [Slow): 5% of Max motor speed 530.143701333333 mm/s
a ﬂ% DE""(ES_ /f Control / Calibration Velocity fowards plc cam): 1% of Max motor speed 106.028740266667 mm/s
4 7% Devicel (EtherCAT) A TEEEE Calitration Velocity (off plc cam): 1% of Max motor speed 105.028740266667 mm/s
é: Image Scalings and NC Parameters Acceleration: with an acceleration time of 1s 15904.31104 mm/s2
=% Image-Info oe MiatadCineratine & imes Deceleration: with an acceleration time of 1s 1530431104 mm/s2
2 SyncUnit : - 1 i
> 2 SyncUnits .. Parameter List Jerc: with an acceleration time of 1s 47712.93312 mm/s3
> Inputs .
1 - Operation
> ; IO:tEuT;s / . Diagnostics Mz motor speed = 10602 8740266667 fmm/s)
. niotats = Channel B
- Parameter
- Operation
N - Diagnostics
m ) NC-Task1 SAF - Device 1 {EtherC
m ) NC-Task1 SAF - Device 1 {EtherC

» Select the device “AX5203” (1).

* Open the TCDriveManager (2).

» Select the item “Scalings and NC Parameters” (3) for channel A.
» Define the feed constant (4).

» Complete the input with “Save” (5).

i Scalings and NC Parameters EY

I.-"'_"‘I The modifications has not yet been activated.
WV Please download the modifications in Mc-Configuration or activate the

System configuration.
.@ |

v,

+ Confirm the message with “OK” (6).
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58 TwinCAT Projectl3 - Microsoft V
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

gl S | # SR 9 - - E-E | b [Release ~| | TwinCAT RT (x86) -| | (3 s R B E O
e AAERE 6 |locwmes ]S ) ndl=(=c=r=0 |t & |DD @A

Solution Explorer bl TwinCAT Projectl3

=
7 Solution ‘TwinCAT Project13 ot | General [ EtherCAT | DC [ Process Data [ Startup [ SoE - Online | Onl(pe | Corfiguration | n¢ )5 Online | NC-B: Functions | NC-A: Online | NC-A: Functions
) outen fwin e (L project) Linked MC/CNC axes:  Channelte=>Ne: fuis 1 [y el ?\ o

4[5 TwinCAT Project13

Lo}

> [l svsTem 12 2EE| « = 4% |5 = XYY 7 |[ChengePhase ¥
4 MOTION Tree ” |
4 NC-Task 1 SAF
B NC-Task1 SVB - Device | Processng fox=2- !rma..lnfnmm j | Accept |
sy Device Info < o 621 I 12
« Image ! lodulo value: 4400 ng) <= 000000 :
- Power Management
. E E:I:; - Safety Option / Schedule moouio nn aata saving (PreOp->SafeOp): IU Ma j 1 1
a4
» Bmp Axis1 - Display 1 0 Module Value Remainder: | 7 |
. - Digital YO
HAxis 2
PLC> B s - Watch Window
SAFETY = Channel A rrm
- Parameter
Q c P et
+t
- Operation
4 Ero :
4 T Devices - Diagnostics — Raw pos feedback value
a = Devicel (EtherCAT) & Channel B — Modulo pos feedback value (demo)
0 - Parameter
= Image :

Axis Management

]
Image-Info H
J g +- Controller Overview

2 SyncUnits

Pos feedback value

> e i U/ Control

b p ? - Motor and Feedback

- Outputs E| G anu Tr——arameters

InfoDat / T T
> ? nfoData - Modulo value
o L \ERLEuo) i PROTe=—Dtt===Ttion Mode Ti

> B4 Drive 6 (AX5203-0000-0203) ‘.. Parameter List \ -
4 ﬁJ Mo —< - - Operation

g7 MC-Task1 SAF - Device 1 (Ether(] Diagnostics

m NC-Task1 SAF - Device 1 (EtherC

» Select the device “AX5203” (7).
* Open the TCDriveManager (8).
+ Select the item “Modulo value” (9).

» Define the modulo range in the preset unit (11).
The TcDriveManager subsequently calculates the modulo value in the unit increments (10).
Complete the input with “Accept” (12).

Medulo value PS

Mec Encoder Mask will be set with the default value 4294967295 (0xFFFFFFFF)
Meodulo value set in 5-0-0103 will not be used.

Continue?
13 Abbrechen

» Confirm the message with “OK” (12).

* Repeat the procedure for the second channel (“Channel B”).
 Activate the configuration.

=.\/
aaa

+ If no modulo data have been saved in the servo drive yet, error code F350 (“No saved data could be
loaded”) appears on initialization; see also section Exchange [» 97].

» The reset functionality is described in section Resetting the modulo error [P 98].

17.4.1 Prime number gears

Prime number gears always have an odd number of teeth and are often used in practice to minimize wear of
the individual teeth. If one gearwheel of a pair has a prime number as the number of teeth, the number of
meshings of the same pair of teeth is minimized. This gear type is parameterized with IDN P-0-0279 “Modulo
Value Remainder”.
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Application example

Turntable with a gear reduction ratio of 63/17.
On the motor side, 360 ° (1 revolution) correspond to 2% increments.

The resulting modulo period at the gear output (turntable) is:

2% inc x 63/17 = 3885899.2941176470588235294117647 inc
= 3885899 + 5/17 inc
or = 3885900 — 12/17 inc

The modulo period of the AX5000 (S-0-0103) can only be parameterized with an integer value. Thus, if
3885899 inc is used as modulo period, the resulting error is 5/17 inc per modulo period on the turntable side
and 5/17 x 63/17 = 1.08997 inc on the motor side. Because this error accumulates with each modulo
revolution, the error becomes significant after n modulo revolutions in the same direction.

Extended parameterization

To avoid the accumulating error illustrated in the above application example, IDN P-0-0279 “Modulo Value
Remainder” was implemented in the AX5000.

IDM Mame ActValue SetValue Unit MinValue MaxValue
=- P-0-0273 Modulo Value Remainder
Numerator 5 -1024 1024
Denominator 17 17 1024

This IDN can be used to enter the residual (error) of the modulo period parameterized in S-0-0103, relative
to the actual modulo period. The parameterized value may be positive or negative. It is best to always use
the smallest absolute value. In the above example, this would be 5/17 with S-0-0103 = 3885899. The same
result is obtained with the value

-12/17 with S-0-0103 = 3885900. However, this option results in a greater position jump at the correction
point, since [-12/17] > |5/17|.

The drive corrects the modulo calculation as if the actual modulo period were to correspond to the value
parameterized in

S-0-0103. Consequently, when calculating the NC scaling, the value in S-0-0103 must be used. The
resulting scaling factor is

360°/ S-0-0103 = 360°/3885899 inc.
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17.4.2 Exchange

The modulo position is no longer correct if the motor or servo drive is exchanged. To prevent mechanical
damage in the case of an uncontrolled restart, the servo drive starts with an initialization error, which leads to
the EtherCAT status being set to Err-PreOp.

The servo drive and the NC axes are thus not ready for operation and the drive cannot be activated. To
prevent inadvertent acknowledgement by the application program, this error cannot be acknowledged with
the reset command S-0-0099. Instead, the procedure described in the section Resetting the modulo error
[»_98] must be followed.

The table below shows various exchange cases and the corresponding behavior with the firmware v2.06:

Modulo / exchange scenario P-0-0275 Modulo parameter, saved in the servo
drive

» Motor exchanged; EtherCAT State Err PreOP

* New motor from the stores; DriveStatus Error: F351 — Initialization data invalid

* Encoder memory is empty

* Motor exchanged; EtherCAT State Err PreOP

« Old motor; DriveStatus Error: F351 — Initialization data invalid

* Motor already has a position offset
saved in the encoder memory

» Servo drive exchanged; EtherCAT State Err PreOP

» New servo drive from the stores; DriveStatus Error: F350 — no saved data could be
+ Servo drive memory empty loaded

+ Servo drive exchanged; EtherCAT State Err PreOP

» Old servo drive; DriveStatus Error: F351 — Initialization data invalid

» Servo drive already has modulo data
saved in the servo drive memory
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17.4.3 Resetting the modulo error

The following figure shows channel B with modulo error F351.

_- | HFuisState | Diag Code | Diag Msg | Umain QK | DeLink QK | Ampl-Te... | Actual op... | ve=v ) | Positive c... | Negative ... | F‘eﬂph.‘u’o...l
Channel A Drive Ready 0000D012 m Auis state machine... L L 27 11: pos ot f... » L L 23142
Channel B Pods Emor  (xDOD0F351 m Modulo Calculatio .. ° » 3.0 17: pos cti f... e L L) 23.125

The modulo error F350 / F51 can be reset using the System Manager / TCDriveManager or the PLC.
Reset with the System Manager

oo TwinCAT Project13 - Microsoft Visual Studio (Administrator) T—————
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

S E S @ # R 9 e - E-E | b [Release «| | TwinCAT RT 86) ||t JRE B BB O
in BB 2R G| et |[cxwms 0 | |2 mglsz(zt=r=0 | 2| DD RE-
Solution Explorer il TwinCAT Projectl3 X
|; Solution TwinCAT Projectl3’ (1 project)
4 [3] TwinCAT Project13

| General I EtherCAT | DC I Process Data I Startup I SoE - Online I Onlinl | Corfiguration }12:B: Orlline | NC-B: Functions I NC-A: Online | NC-A: Functions

Linked NC/CHC axes:  Channelbc=>Me: Suis 1 E D =3 N Ais 2

> | SYSTEM ——
4 [ MoTion |2 2[EIE « — 4@ 5| = 9% 2(([Chenge Phase- ~ 3
4 NC-Task 1 SAF Tree x
[Z1 NC-Task1 SVE -
jglmage B"DEVII:;E_ Inf Processing format IW modulo format LI —_— 6
- Device Info
(5] Tables Power Management Modulo value:  [26214400 e <=> 3601 :
by
4 o3 ;x-e;x_ s Safety Option Schedule modulo init data saving (PreOp->SafeOp @ — 5
s is . -
5 B Aods 2 - Display Modulo Value Remainder: | / [
E PLC - Digital /'O
SAFETY - Watch Window Nc Encoder Mask:| 26214393 ((x018FFFFF)
e - - Channel A Ne Sealing factor: | 1.373291015625¢-005 *fine
. o [+ Parameter
‘ 2 Devices (- Operation
a4 = Devicel (EtherCAT) 'D'Egln;mcs El [— Raw pos feedback value
+8 Image - Channel £ I— Madulo pos feedback value (demo)
f. - Parameter o
5% Image-Info L A 2
. is Management =
> 2 SyncUnits =]
Input ontroller Overview 2
’ [ Ol'lup: :ts 1 #f Control 'ﬂ;,
g Inf FlD / Motor and Feedback o
’ I[‘. _n obata ; Caliz——mr=l Darameters
b Modulo value
> Btd Drive 6 (AX5203-0000-0203) ¥ . tion Mod
Pl ﬁ'J NMiapr—= N '~ anen Mede Time
N - - i Parameter List
' NC-Task 1 SAF - Device 1 (Ether(] ) Operation
m’ NC-Task 1 SAF - Devicel (Ether(] o Di:gnostics 4

Select the device “AX5203” (1).
Open the TCDrivemanager (2).
Cancel the EtherCAT error with “Change Phase — Clear Error” (3).
+ Select item “Modulo value” (4).

y

Set “Schedule modulo init data saving (PreOp->SaveOp” (5) to “Yes”.
Set the EtherCAT status to “Op” (3).
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17.4.4 Clearing the modulo data

It is possible to clear the modulo data and reset the servo drive to the factory settings.

55 TwinCAT Project13 - Microsoft W ud
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

Pl S | # S B9 - - E-E | b Release -| | TwincaT RT (@6) ~| @ [ - e B -
BB 2N G| 6 |[cxomcs -] <f; [ r mg|o=(===0|am =@ |00 FE-
Solution Explorer MRl TwinCAT Projectl3 X
—
General | BherCATl Dc I Process Data IStartup ISoE-OnIme |0r|\|ne ‘ Configuration |NC—E Onling | MC-B: Functions | NC-A: Onling | NC-A: Functlonsl
4 Solution ‘TwinCAT Project13' (1 project)
TwinCAT Project13
- ﬂ"'”gYSTEN;DJE Linked NC/CNE aes:  ChannelcmMo: Auis 1 ChannelBe=she: Asis 2
> ——
- oron 2 2EE - - %@ 2 & 0N 7 (Gemime D 3
——
a NC-Task 1 SAF Tree x| |
[Z1 NC-Task1 SVB
’E Image - Device Accept
- Device Info
[7] Tables / 6 e=> 360.000= o
2, fxes - Power Management 1 = 2
‘o b Auis 1 Safety Option Schedule modulo init data saving (PreOp->SafeCp):  |0: No hd
[» 15
s B Axis2 D!splay Modulo Value Remainder: | 7
E pLC - Digital V'O
SAFETY o WatIC:Wi"dOW No Encoder Mask | 26214
[ C++ 7 a;”e " Ne Scaling factor: [1.373291015625¢ 005 |*/Ine
a LI'O arameter
) Operation
a4 Devices bi
4 == Devicel (EtherCAT) - Diagnostics [— Raw pos feedback value
+8 mage - Channel B — Modulo pos feedback value (demo)
=) Parameter

*® Image-Info

Axis M it
2 SyncUnits is Managemen

Pos feedback walue

: oot Controller Overview
. I Outputs - U/f Control Modulo value P
o [ InfoDats - Motor and Feedback
. [=)- Scalings and NC Parameters
> li Tem 1 (E1200) .. Modulo value Ne Encoder Mask will be set with the default value 4294967295 (0xFFFFFFFF)
& b &é Drive 6 (AX5203-0000-0203) .. Process Data/Operation Mode Modulo value set in 5-0-0103 will not be used.
4 g* Mappings - Parameter List Continue?

) NC-Task1 SAF - Devicel (Ether(

| Operati
a?) NC-Task 1 SAF - Device 1 (EtherC peration

- Diagnostics

0k | [ Abbrechen

Disable the modulo function (1).
« Complete the input with “Accept” (2).

Ho
aam

Activate the configuration.
Switch to the EtherCAT phase “Bootstrap” (3).
Switch to EtherCAT phase ,OP* (3).

The affected IDNs are changed automatically. The modulo data are shown as an example.

Saved modulo data Reset modulo data
=8 F‘_—DﬂZ?D Saved modulo data =- P-HIZ70 Saved modulo data
=3 Medulo init data B- Modula init data
Feedback 1 EKM36-0KFDAD18A Feedback 1
Serial number feedback 1 337964839527 Serial number feedback 1 0
Feedback 2 Feedback 2
Serial number feedback 2 1] Senal number feedback 2 0
Modulo value 26214400 Modulo valus 0
(=5 Data read from file = Diata read from file
Data[0][0] : Data[0][0]
Feedback number 0 Feedback number 0
Data set 0 Diata set 0
Data Data
Feedback position 00000000 . Feedback position 00000000
Modulo position 00000000 - Modulo position (00000000
L Cre (1000000000000 L. Cnc 00000000
- Data[0][1] Data[0][1]
- Data[1][0] Data[1][0]
- Data[1][1] - Data[1][1]
- Cument data [ Cument data
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18 Motor types and operation modes

In this chapter the relationships between physical motor types, feedback systems and the necessary

operation mode will be explained.

Functionality from firmware v2.12

The firmware V2.12 enables the operation of voice coil motors with feedback system and (a)synchronous
servomotors with and without feedback (sensorless regulation).

Structure of the parameter P-0-0050 (Motor construction type)

Motor construction type
Functional principle
Construction

Functional principle replacement
rsvd

0: synchronous 1
0 rotary 1
1: VoiceCoil

] 12

Structure of the parameter P-0-0451 (Current controller settings)

- P-0-0451 Cument cortroller settings
B Enable Smith Predictor
Control mode:
Optimized |-part limitation
Enable acceleration control
Enable stall protection
Enable slip compensation
Customized 1
Customized2
Cument limitation acconding to motor characteristics
Velocity limitation according to motor characteristics
Metor characteristics with consideration of neg mai...
Direct addition of 5-0-D081
Linear interpolation of 5-0-0081
Enable intemal Id command

E

0
0: Field-oriented cument control with feedback

i0: Field-oriented cument control with feedback.

1: Cumrertt control without feedback

2: UA control

3: U control with independent feedback

4: Field-orisnted cument control without feedback
5; Cumrertt control with feedback

mum o aEo o

10
1
12
13
14
15

Coooooo

Relationships between motor type and operation mode

g_‘

@

The functional principle of
the motor

(asynchronous/
synchronous) and the type
of construction (rotary/linear)
are defined in this
parameter.

In Control mode the
operation mode is selected
in relation to the
predetermined

motor type (P-0-0050).
Please refer to the

table below for

the relationships.

feedback

Construction = O: rotary
Functional principle replacement = 0 (Default)

Cas |Motor type Settings in P-0-0050 Settings in P-0-0451
e
1 Rot. synchronous servomotor with feedback |Functional principle = 0: synchronous Control mode = 0: Field-
ion =0 oriented current control with
Construction = 0: rotary feedback
Functional principle replacement = 0 (Default)
2 Linear synchronous servomotor with Functional principle = 0: synchronous Control mode = 0: Field-
feedback Construction = 1: linear oriented current control with
feedback
Functional principle replacement = 0 (Default)
3" |Rot. synchronous servomotor without Functional principle = 0: synchronous Control mode = 4: Field-

oriented current control without
feedback

4 Rot. asynchronous servomotor with feedback

Functional principle = 1: asynchronous
Construction = 0: rotary
Functional principle replacement = 0 (Default)

Control mode = 0: Field-
oriented current control with
feedback

Construction = 1: linear

Functional principle replacement = 1: VoiceCoil

52 |Rot. asynchronous servomotor without Functional principle = 1: asynchronous Control mode = 2: U/f control
feedback Construction = O: rotary or
Functional principle replacement = 0 (Default) |Control mode = 3: U/f control
with independent feedback

6% |Rot. voice coil servomotor with feedback Functional principle = 0: synchronous Control mode = 5: Current
Construction = 0: rotary control with feedback
Functional principle replacement = 1: VoiceCoil

7% |Linear voice coil servomotor with feedback |Functional principle = 0: synchronous Control mode = 5: Current

control with feedback

1): Mandatory setting in parameter P-0-0464 = Mode: 1: EMF-based observer.
2): With an asynchronous servomotor and the operation mode V/f control with independent feedback (setting
in P-0-0451), an independent encoder can also be read. An encoder error does not affect the operation of

100
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Motor types and operation modes

the motor.
3): As soon as you select a voice coil motor in parameter P-0-0050 the range in Functional principle
(synchronous / asynchronous) will be overwritten.

Functionality from firmware v2.06 to firmware v2.10

The firmware versions v2.06 - v2.10 allow the operation of synchronous servomotors with feedback and
asynchronous servomotors without feedback.

Structure of the parameter P-0-0050 (Motor construction type)

- PLH-0050

Motor construction type
Functional principle
Construction

rsvd

0: synchronous 1
0: rotary 1
0 14

Structure of the parameter P-0-0451 (Current controller settings)

= P-0-451

Curent controller settings

rsvd1

Control mode:

Optimized |-part limitation

Enable acceleration control

Enable stall protection

Enable siip compensation

Customized1

Customized2

Current limitation according to motor characteristics

Velocity limitation according to motor characteristics
Motor characteristics with consideration of neg mai...
Direct addition of 5-0-0081

Linear interpolation of 5-0-0081

Enable intemal Id command

&

| —

o

0: i-control with feedback

0: iontrol with feedback

1: i<ontrol without feedback

2: A control

3: UA control with independent feedback

W o o

1
12
13
14
15

z =z
&

&

Coooooo o

Relationships between motor type and operation mode

Moo e

The functional principle of
the motor

(asynchronous/
synchronous) and the type
of construction (rotary/linear)
are defined in this
parameter.

In Control mode the
operation mode is selected
in relation to the
predetermined

motor type (P-0-0050)

Please refer
to the table below
for the relationships.

Cas |Motor type Settings in P-0-0050 Settings in P-0-0451
e
1 Rot. synchronous servomotor with feedback |Functional principle = 0: synchronous Control mode = 0: Field-
LA oriented current control with
Construction = O: rotary feedback
Functional principle replacement = 0 (Default)
2 Linear synchronous servomotor with Functional principle = 0: synchronous Control mode = 0: Field-
feedback Construction = 1: linear oriented current control with
feedback
Functional principle replacement = 0 (Default)
3 Rot. asynchronous servomotor without Functional principle = 1: asynchronous Control mode = 2: U/f control
feedback Construction = 0: rotary or
Functional principle replacement = 0 (Default) |Control mode = 3: U/f control
with independent feedback
4 Rot. asynchronous servomotor without Functional principle = 0: synchronous Control mode = 4: Field-
feedback Construction = 0: rotary oriented current control without
feedback
Functional principle replacement = 0 (Default)
5 Rot. asynchronous servomotor with feedback|Functional principle = 1: asynchronous Control mode = 0: Field-
Construction = 0: rotary oriented current control with
feedback
Functional principle replacement = 0 (Default)
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19 Parameter set switchover

® Reference values for the parameter set switchover:
1 S-0-0216; S-0-0217; S-0-0219; S-0-0254; P-0-0360; P-0-0361

The parameters of the AX5000 servo drive contain reference values or commands.

A distinction is made between:

* S-IDNs (e.g. S-0-0206): Standard Sercos parameters, which are automatically provided in the start-up
list of the servo drive. The value ranges and functions cannot be changed / configured.

* P-IDNs (e.g. P-0-0001): Custom IDNs, which are set by the NC (CNC) program. The value ranges and
functions can be configured in the TC Drive Manager.

The standard parameters are not relevant for the parameter set switchover. In an application, switching
takes place within a very short time. The AX5000 servo drive are configured with an internal version. This
enables faster switching than with the EtherCAT master.

Parameter sets

The Sercos specification stipulates that all parameters can exist n times. In this way parameter sets are
formed. The AX5000 may contain up to eight different parameter sets. The parameter sets are identified via
the type key of the IDNs.

Configuration

A parameter set can be configured by entering the corresponding parameters in IDN S-0-0219 (list of
parameter sets). Only the IDNs entered here are available for a parameter set switchover. The other IDNs
retain the value stored in parameter set "0".

Selection

A parameter set is selected via IDN S-0-217 "Parameter set preselection”. Numbers 0-7 are entered in this
IDN as required.

Type key

Infographic Identifying letter and definition

X |S = standard Sercos parameters
P = product-specific parameters

y |Corresponding parameter set (0 — 7)
z |Serial number

IDN-x-y-zzzz
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19.1 Switching to a parameter set

Parameter sets are switched via IDN S-0-0216

e " "Switch parameter set (pc)". During the switchover
) g S P the parameter listed in IDN S-0-0219 are switched to
the parameter set with the number defined in IDN
S-0-0217 (0-7).

Parametersatz 0 ist aktiv!
§-0-0254 “Actual parameter set” = 0

PreOp

SafeOp

Parametersatz x ist aktiv!
$-0-0254 “Actual parameter set” = x

J

Schreibe $-0-0217
“Parameter set preselection”
ytox,x=0...
y = “Wert von P-0-0360"

Achse deaktivieren

Op

19.2 Parameter description

IDN S-0-0216 (Switch parameter set)

Command for executing the parameter set switchover

IDN S-0-0217 (Parameter set preselection)

The parameter number for the switchover is entered in this IDN. If, for example, 2 is entered here and then
the command S-0-0216 is executed, the parameter of parameter set S/P-2-xxxx are activated.

IDN S-0-0219 (IDN-list of parameter set)

This table contains all IDNs for which parameter sets 0 to 7 are available.

IDN S-0-0254 (Actual parameter set)

This IDN indicates the currently active parameter set.

IDN P-0-0360 (Parameter set prearrangement)

This IDN is used to specify how many parameter sets are prepared for switchover in the AX5000. If this IDN
is parameterized to 3 it is possible to switch between parameter sets 0 to 3.

IDN P-0-0361 (Parameter set configuration)

This list is intended for the IDNs to be switched, which should also be listed in S-0-0219. The parameters of
the IDNs entered here are prepared for parameter set switchover and switched accordingly.
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20 Probe unit (functionality)

A probe unit is a hardware-oriented functional group that can store the actual axis position for a
parameterizable event. The event may be an edge of a digital input in the drive, for example. The position is
stored immediately without significant delay for subsequent evaluation by the control system.

The probe unit of the drive can be used for event-controlled position detection via the user program
.MC_TouchProbe“. An additional application is logging of a reference position during homing (,MC_Home*),
if the NC referencing mode is set to ,Hardware latch”.

In any case, the probe unit has to be parameterized before it can be used. The following configuration refers
to an AX5000 servo drive (SoE). More generally, it can also be used for parameterization of a SERCOS
drive.

SERCOS parameters

Parameter |Value EtherCAT Transition (Startup) Description

S-0-0303 405 P->S Allocation of real-time Control bit 2
S-0-0307 409 or 410 P->S Allocation of real-time Status bit 2
S-0-0169 1,2, 3 P->S Probe control parameter

S-0-0170 3 S->0 Probing cycle procedure command

Process data — cyclic data between drive and NC axis

Parameter Description
S-0-0130 Probe value positive edge
S-0-0131 Probe value negative edge

20.1 Parameterization

T imex | wem | wms. | Theprobe unitis parameterized via a configuration dialog of the
| L e |t | e s | ebowe | Lowe | et Licaoes | AXB000 servo drive. In multi-channel devices a probe unit is
wot % w7 | Oaepee ) available for each channel.

e <
oot g corprten o
Sttt Modfy settings in startuplist and process data
o (o= ]

[—
Ot ocme Mode pabe 1[5 Snge messrng |
Ao sctvaton [T Actvation wth 536770 =l

> ¢

B8 [ Fosse | DogCodo | Dighlsg | UnanOK | DebikOK | fmpl-To.. | Actalop.. | veev 0 [ Posivec. [ 14
Garmel A Contl Sect. GO000ED4) ] Underolage 0. @ B W1 st & O

i Cramel 8 ContlSect. O000EDS) R Underitage 0. @ . 26 it @ .« -
< >

<

%, Zuordnungen
% NC-Task 1 SAF - Gerst1 (Bt

Probe 1 logic configuration (P-0-0251); Mux 2 = Proceed as follows to parameterize the probe unit:

Signal selection Qutput negation . B . “

B T e P i tSriQIQC:ii 5|tgr;]nal rsoburceni(tln our sample ,Mux2“ on the left) for
0 Digtal mput 0 E Ctrrese ggering the probe unit.
s BE::: ::Ej; © Low active « Assign a digital input of the AX5000 servo drive (0-7) to the
3. Digital input 3 signal source.
4; Digital input 4 - . .
5: Digital input 5 1 Mow Preview Homlng:
& g‘gﬂa: input § Select the configuration ,Mux2" for homing with evaluation of the
7: Digital input 7 . P . .
8 Referencesignal Feedback ({11321 | f eqcoder zero track. ,Reference signal feedback”is only available in
9: Referencesignal Feedback (X41/X42) this signal source.
10 Canfinuahle StatieWand (PALRT1Y 2d
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-

Probe unit 23

Do you want to decide the reference source of the feedback 1 now?

| ok || Abbrechen |

| Prozessdaten | Startup [ SoE ~Onling [ Onling | Drive Manager | NCE: Online | NCB: Fu

ChannelA<=>NC: Achse 1 ChannelB<=>NC: Achse 2

4w 8 M ? | [Conge e <]

Algemein | EtherCAT | DC
Linked NC/CNC axes:

FPEEER

Tree X
Power management & [ p e —
- Safety option
- Display Reference signal:14: X14 {One cable feedback, Channel A}
- Digital /0 0: No source
-Watch window 5
- Channel A = Feadback
- Configuration Threshold voltage L= || reference signal
= Moter and Feedbac iy 3: Cosinus
i @-Motor 4: UvwW
Malashiss Parameter list: (court = 2)
- Feedback 1
[)- Feedback 2 IDN Name ActVe
- Scaling and MC par: P-D-0150 Feedback 1type
- Process Data/Opera 7+ PD0152  Feedback 1 gear numerator 1
. Controller overview P-0-0153  Feedback 1 gear denominator 1
T el P-00154  Feedback 1 reference signal
Probe 1 logic configuration (P-0-0251): Logic =
Logic operation Output negation
ActValue: 0: Muwc 1 ActValue: 0: off
0: Mux 1 @) High active
10 Mux 2

2: Mz 1 AND Mux 2

3: Mux 1 AND rising edge Mux2
4: reserved

5: M 1 OR Mux 2

OK

Cancel

Tuning X

Algemein | EherCAT [ DC | Prozessdaten | Startup | Sof -Online | Griine | Drive Manager | NC-B: Online | NG-B: Functionss | NC-A: Online | NC-A: Functions |
Ach

Linked NC/CNC Achse 1
|2 ¢ &|EEE | 4w a N ? [[comgermae -
Tree x
Powermanagement = || proye g configuration
Safety option [ s ] [ Modty cetings n statupist ndprocess e |
Display Muact
Digital 1/O r Pos edge
Watch window Iy e g
Channel A ) Logic j‘ :
Configuration 0.High aciive: i | Probe1 valve source
Motor and Feedbac SO el [0: Postion feedback 1 value (S-0-0051) ~
Scaling and NC par: M2 — L
+Process Data/Opera o &: J Negedge !
erencesional N h—l;
Contreller overview Fosdback |0 :l_.
Vi control 11200 | i 8 Aefarncosnal
(e Uighactve | [T & Refornoesonal | Moceprove 1[I Srele meamrng B
il Auto acaton [T Ako acivaliorfrom Sefepto O =
Parameter list
- Service functions
Diagnostics

&3

Confirm probe unit settings

() Restricted NC Probe-Unit @ Extended NC Probe-Unit (default)

Append the following Idns to the Startuplist:

IDN Name Action Value oK
5-0-0169  Probe control parameter
P-0-0250  Probe 1wvalue source Add
P-0-0251 Probe 1logic configuration Add
Modify process data:
IDN Name Action Link with
5-0-0405 Probe 1enable Add MNcEncoder_Outputs_nCtrls
5-0-0130  Probe value 1 positive edge Add NcEncoder_Inputs_nInData3
5-0-0409  Probe 1positive latched Add McEncoder_Inputs_nStatuss

The following window (left) appears for a configuration with
.Reference signal feedback” .

* Confirm with OK

The "Feedback 1" menu appears.

» Select the source of the "Feedback reference signal" (usually
LZero index").

Further settings are required in the "Probe unit" window (left).
* Press the ,Logic" button.

The trigger signal can be linked to a further signal source (Mux 2).
The simplest case consists of a signal source and the combination
logic ("logic operation").

» Specify which signal edge (positive or negative) should be
evaluated in the signal sequence (Pos Edge or Neg Edge).

« The decision for a particular signal edge is made during
parameterization of the AX5000 servo drive. It is not possible
to select it later in the control program (NC / CNC).

In the last step the "Mode" and the activation type are specified.

Mode probe 1: 0 Single measuring:

After each measurement event the new process must be activated
through a

0-1 enable switch (default).

Mode probe 1: 1 Continuous measuring:

The measurement is repeated as long as enable remains 1.

Auto activation: 0:Activation with S-0-0170:

The probe unit is activated with command S-0-0170 from the user
program (default).

Auto activation 1: Auto activation from SafeOp to Op:

The probe unit is enabled automatically when the AX5000 switches
from SafeOp state to Op.

Once all options have been selected, press "Modify settings in startup list and process data". An overview appears, which lists the
parameters and process data to be modified. Confirm with OK. If the AX5000 is properly linked to an NC axis, the settings required for

this axis are implemented automatically.

AX5000

Version: 1.9.1
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21 Position offset

® Terminology

1 In this documentation, the term offset tends to be used to describe the function of the position
offset.

An offset can be configured if an absolute encoder is used in the AX5000. The value can be stored in the
motor encoder, in the AX5000 or in the startup list. The offset is taken into account when the AX5000 starts
up. It is added to the absolute encoder position. The result is reported to the higher-level controller as an
actual value.

In contrast to the offset stored in the TwinCAT NC, the offset stored in the AX5000 or in the encoder can also
be modified and stored from the PLC (see procedure described below).

Parameters involved

The meaning of the parameters in relation to the offset is explained in the following sections.

® Reference values of the position offset
1 S-0-0051; P-0-0159, P-0-0271; P-0-0272; P-0-0273; P-0-0274; P-0-0275; P-0-0278

Requirements

The AX5000 requires firmware v2.06 build 8 or higher. For positioning, an absolute encoder must be
connected to the AX5000. The offset can also be used with a single-turn encoder or a resolver, which use an
absolute counting method within a revolution.

Procedure
A PLC function block is available in the library
" TwinCAT 3 PLC Lib: Tc2_MC2_Drive TCZ_MCZ_Drive
under TwinCAT 3 for saving or modifying the offset
FB_SoEAX5000SetPositionOffset from a user program:
—|Execute e ssyl—  1he description of this PLC function block can be
- cEer— found in the Beckhoff Online Infosys, for example.
- The offset is stored in increments. The TC Drive
e 1 Manager should therefore be used for entering or
modifying the offset without a PLC program. It deals
with the conversion between user units and
increments. The following page becomes active, if the
AX5000 is linked with an NC axis:
e e |t Shows settings from the NC (1) and whether an
e = L i L= offset is already active (2). To save a new offset,

enter the value in user units and select the storage

location (3). Use the "Activate" button (4) to store and
- G=Dl] enable the offset. The "Activate" function can only be
i SR oo executed if the axis is not in controlling mode.

Watch window
Channel A

Configuration

£} Motor and Feedback

2% 8 |EEE 5w a AN ¢ [Gemre o)
:

Tree

3

Moter (=) '
- Motor brake b .
NC parameter (TINC™NC Te In encoder mem
Parameter In statupiist Unit
Actual postion 210.009155273438 mm
Posiion offset 0 mm
Scaling factor 0.00034332275350625  mminc
Invatt encoder counting drection FALSE
Invett motor polarty FALSE II|
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TwinCAT Projeki2 + X

Aigemein | EtherCAT | DC | Prozessdaten | Statup | So - Onine |
Linked NC/CNC axes:  Ch se 1

22 & |[EEE | %

Orine. | Drive Manager | NC-A: Onine | NC-A: Functions |
ChannelBc>CNC: Achse 1

Change Phase-

=
stion offsat seting
Activated position offset:
No posdtion offset

DTN

Feedback direction inverse

New postion offset: Inc.
No postion offset

No postion offset
In encoder memory
In drive memory
In startupist

Activate

- Scaling and NC parameters
Process Data/Operation mod
- Controller overview

TwinCAT Projekt2 5 X

[Aigensi | BnCAT [ DC.__| Frozsssisten | Saiup | SoE -Orine | Onin | Do Maroger | NG Orkre | NG Fancions
Lriced NC/CNC aves: - CrannelAces NG A 1 CarmelB NG Actee 1

(22 8 |EEE % w3 WX 7 |[Cowerse

eow

DN

Name Actalue

0: Cancsl omd

SetValue
P-0-0271  Save postion ofset (oc)
5-PO0272  Save postion offset data
Feedback number
Memory selection
vdl

0: Feedback 1
0: Encoder

0:Foedback 1
0:Encoder

00040000 000040000

Use encoder memor... 1: Use encoder memory postion
Use no postion offset 0: Use no positon offset
0: Defauit

1
0
0:

0 0

Behavior when components are replaced

If the AX5000 is linked to a CNC axis, the TC Drive
Manager does not "know" the feed constant. The
window shows fewer data, and the offset must be
entered in increments.

The "Table View" button (5) can be used to switch the
view in both cases (NC or CNC) (see figure below).

The parameters involved and their current values are
displayed here. Use the "Return" button (6) to return
to the original view (top figure).

If a faulty motor or servo drive (AX5000) is replaced, the axis should be prevented from starting with an
incorrect offset, which could result in damage. The following scenarios are conceivable, depending on where

the offset is stored and which component is replaced:

Offset stored in encoder (P-0-0275 "Use encoder memory position offset")

Replaced

Result

Motor:
No offset is stored in the encoder for the new motor

EtherCAT Status: Err PreOp
Drive Status: Error F341
No position offset available

Motor:
An (incorrect) offset is already stored for the new
motor.

EtherCAT Status: Op
Drive Status: Ready D012

Servo drive AX5000 (with or without stored offset)

EtherCAT Status: Op
Drive Status: Ready D012

Offset stored in AX5000 (P-0-0275 "Use drive mem

ory position offset")

Replaced

Result

Motor:
No offset is stored in the encoder for the new motor

EtherCAT Status: Err PreOp
Drive Status: Error F340 Position offset invalid,
wrong serial number

Motor:
An (incorrect) offset is already stored for the new
motor.

EtherCAT Status: Err PreOp
Drive Status: Error F340 Position offset invalid,
wrong serial number

Servo drive AX5000:
New device without stored offset

EtherCAT Status: Err PreOp
Drive Status: Error F341 no position offset available

Servo drive AX5000 (with or without stored offset)

EtherCAT Status: Err PreOp
Drive Status: Error F340 Position offset invalid,
wrong serial number

AX5000
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Delete position offset

e T . | © delete a stored offset, enter the value 0 and select
Algemein | EtherCAT [DC_ | | Startup | Sof -Oniine | Orline | Drive Manager | NCA: Oniine | NC-A: Functions | the memory Iocation tO be deleted (enCOder or servo
Linked NC/CNC axes:  ChannelA<=>NC: Achse 1 ChannelB<=>CNC: Achse 1 d rlve)

2 2 L|[EEE % Hw o N 7 [[Comeres )
T % Click "Activate" and confirm the error message that
Chama appears (see figure below) with OK:
ey pp g :
Mutw and Feedback Activated postion offset: mm Feedback direction inverse
sy b enoodernenery i Positi 2]
£ Feedback 1 New posttion offset: o mm osition offset 1
| i Posiion offsct 1 (Imsncodes memory < [
Feedback 2
Scaling and NC parameters NC parameter (TINC™NC-Task 1 SAF " Axes"Achse 1):
. Process Data/Operation mo rameter e i e . " == ' =
f Sl e ;‘?m ;J‘mmmm mum" f ) Failed to save the 'Position offset’ settings,
Probe unit Postion ofect o mn " Ads Error: 00700
Eror reachuny drve halt Scaling factor 0.00034332275390625 mm/lInc -2
B nvert encoder counting direction FALSE Soe Error: 00000,
sl Invert motor polarity FALSE
L A

[ | 161 Sélect "No position offset” (1) and click
| Aigemein | EtherCAT [ DG [ Prozessdaten | Startup | So -Criline [ Online | Dve Manager | NG-A: Online. | NC-A: Functions | "Activate" (2) agaln- The dlSplay (3) then switches to
Linked NC/CNC axes:  ChannelA<=>NC: Achse 1 ChannelB<=>CNC: Achse 1 " 'S "

22 LIEEE % w7 e ] No position offset".
Tree x
Device e

. Device settings
Power management
5
Safety option Activated posttion offset: mm Feedback direction inverse
g
igita — &
.- Watch window New postion offset mm .

Channel A [ No posttion offset <> Advaie >
Configuration

Drive postion offset setting

- Motor snd Feedback NC parameter (TINC"NC-Task 1 SAF Anes "Achse 1)
Mator Parameter Value Unit
Metor brake -
AR Actusl postion 120.017385018531 mm
e Postion cffset 0 mm
B Scaing factor 000034332275390625  mmvine
' I_EE E;NC Invert encoder counting direction FALSE
caling and NC paramet Invert motor polarty FALSE

Process Data/Operation
- Controller overview

21.1 Parameter description

IDN P-0-0159 (Raw Position Feedback Value 1)
Position of feedback 1 without consideration of offset.

IDN P-0-0271 (Save Position Offset)
Command for saving the position offset.

IDN P-0-0272 (Save Position Offset Data)
Specific data saved with the P-0-0271 command.

IDN P-0-0273 (Saved Position Offsets)
Displays already saved position offsets.

IDN P-0-0274 (Position Offset)
Position offsets for the startup list.

IDN P-0-0275 (Position Offset Control)
Selection of the position offset to be used (from encoder, AX5000 or startup list).

IDN P-0-0278 (Ignore P-0-0275 'Position Offset Control')
Command to acknowledge the position offset error.

IDN S-0-0051 (Position Feedback Value 1)
Position of feedback 1 after consideration of offset

Units of the parameters: Increments
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22 Power Management

® Power management reference values:
1 P-0-0201; P-0-0202; P-0-0203; P-0-0214

The AX5000 is normally operated with a 3-phase AC voltage. This is rectified in the device with the aid of a
bridge rectifier and charges the DC link. Furthermore, there is an option to input a DC voltage.

Parameterization:

» Mains voltage with P-0-0201
» Tolerances with P-0-0202 and P-0-0203
e DC link connection with P-0-0214

The further basic parameterization then takes place according to the following criteria:

» Voltage on X01:

AC 3-phase or single -phase or DC input.

All monitors are activated (default parameterization).

The phase monitoring must be deactivated in the case of “AC single-phase” or “DC”.
« DC voltage on X02:

In P-0-0204, activate the commands “DisableUmainMonitoring” and “DisableUmainLossMonitoring”.

There is NO LONGER ANY DEVICE PROTECTION via X01! Further information in the section DC
input.

22.1 Mains voltage monitoring

The servo drive monitors the connected mains voltage for minimum and maximum values. To this end the
value of the connected voltage and the permitted tolerance values are specified. The diagram below shows
the TCDriveManager configuration option. The section outlined in red is used for configuring the mains

voltage with min./max. values. Mains phase monitoring is activated or deactivated in the section outlined in
purple. Phase monitoring is always based on 3-phase mains.

® phase monitoring

Phase monitoring must be disabled for single-phase mains supply, to facilitate commissioning of the
servo drive.

| Algemein | EtherCAT [ DC [ Prozessdaten | Startup | SoE -Onine [ Online | Drive Manager
Linked NC/CNC axes:  ChannelA<=>NC: Achse 4

| [EEE | S 5l HX 7 |[Chenge Phase-

22.2 DC supply

For special applications it may be useful to input a DC voltage. Several things need to be observed for the
connection and the parameter settings, which are described below.

Tree X
£ Device Info: Modfied power management settings take effect after activation of the system corfiguration
¢ . Device settings s
i i Power managemen Choose the power supply settings: 4@)7% ol
controller
[ 400V |3 phase 150 Hz (Europe) | Ide A A
Details 1
i L. Digital /O ,_ Umain phase emor
I - Umain [4000 Ve cton
H Watch window U 0
2 Channel A ) L3 Long filter time for Umain
. P hi detecti
Configuration Umg [iog v - PrEssemercsecion
[+ Service functions
Diagnostics e + + % DC+ X2 Xxoz
UmainAct t A —|— —
K D R |Pact w Ude ide A i
AC/DC ERY J/Jmax % v Pact w R AXS
o LB
JAdmax %
Intemal brake resistor
1: Enabled -
= 4 [3x0000: Extemal DC_ ] ~— Ll
DC Link connection mode
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The DC voltage can be connected:
 via the AC input (X01) or
« directly into the DC link (X02).

Voltage parameterization
The desired DC voltage is set with P-0-0201

P-0-0201  Mominal mains voltage 240 . . » .

) - Nominal mains voltage”. The controller automatically
P-0-0202 Mains voltage postive tolerance range 200 recognizes the DC voltage form during the
P-0-0203 Mains voltage negative tolerance range 200 gniz v 9 uring

initialization (from firmware v2.10).

In the case of small DC voltages, the parameters
P-0-0202 and P-0-0203 “Mains voltage tolerance”
should be 24 V or 48 V (at least 20%, better 30%).
Due to the tolerances when measuring the voltages,
an error would otherwise frequently be caused.

If the exchange of energy between several AX5000 devices is desired, the following parameterization must
be used:

DC-Link connection mode (P-0-0214):
"0x0003: AX5x01-AX5x25 [X02] Static external DC Link connection"
DC input via the wide-range voltage input — X01

In the case of input via X01, note that (as with the single-phase connection) only two of the six rectifier
diodes conduct the current. The same limitations apply as to the power or output current (see startup
manual). The voltage can be connected at L1 and L3/N.

Terminal point Connection
3-phase 1-phase
L1 Phase L1 Phase L1
L2 Phase L2 not used
L3/N Phase L3 Neutral conductor
PE Protective conductor Protective conductor

DC input via the DC link input — X02

The charging circuit for the DC link is inactive. The user must ensure that the starting current does not
become too high when the voltage is switched on.

For the calculation, for example, of a resistor that limits the starting current, the DC link of the AX5000 is to
be regarded as a short-circuit at the moment of switching on.

Be sure to observe the correct polarity of the connection (DC+, DC-)!

Terminal point Connection
DC + DC link + External brake resistor and DC link
DC - DC link - connection

The table below shows values that may not be exceeded:

Device Max. starting current
AX5x01 — AX5112 10A
AX5118 — AX5140 20A
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P-0-0204 Power Management control word
Intemal brake resistor

Dc link interface check

Lmain monitoring

Umain phase emor detection

Long fitter time for Umain phase emor detection

Reserved

Extemal ADC fitter

Dc link voltage monitoring

Lmain lost monitoring - device protection

Reserved

Reserved

1: Enabled

0: Enable

1: Disable Umain monitoring
0: Disabled

0: Disabled

0

0: Disabled

0: Enable dc link voltage monitoring

1: Disable Umain loss monitoring

0: Reserved
0

The settings in the Power Management Control Word
(P-0-0204) marked below are important in the case of
input via X02 (from firmware V2.10):

Important! With the parameterization “Disable Umain
loss monitoring”, the device protection with regard to
mains voltage interruptions at X01 is switched off.
Therefore, only switch the monitors off in case of DC
input at X02.

22.3 Diagnostics for external brake resistors

® Reference values for the external brake resistor:
1 P-0-0207; P-0-0208; P-0-0209; P-0-0210; P-0-0218; P-0-0219; P-0-0220; P-0-0221

This chapter provides basic information on dimensioning and configuration of external brake resistors. The
parameters described in this chapter can be recorded with the TwinCAT Scope View for diagnostic

purposes.

If an internal brake resistor is used, the configuration takes place via the IDNs:

» P-0-0209 (Internal brake resistor actual continuous power) in watts and
« P-0-0218 (Internal brake resistor actual peak energy) in %

If an external brake resistor is used, the configuration takes place via the IDNs:

« P-0-0210 (External brake resistor actual continuous power) in watts and
» P-0-0219 (External brake resistor actual peak energy) in %

P-0-0207 Intemal braking resistor parameter
Resistance 50 Ohm
Continuous Power 150 W
Period time for duty cycle 100 B
brake resistor protection 0: No brake resistor pr.
Maximum peak energy at 40% duty cycle 10700 J
Maximum peak energy at 20% duty cycle 7500 J
Maximum peak energy at 10% duty cycle 6100 J
Maximum peak energy at 1% duty cycle 2680 J
i Maximum peak energy at 0.1% duty cycle 1600 J
23 reserved
[ General [ EtherCAT [ DC [ Process Daa [ Statup | SoF -Onine | Gniine | Drive Manager
Linked NC/CNC aes:  Channeltic= e Asis 1
| |EBEE w2 N 7 |[congeprese
Tree x
- Device Linked Noads: TING™NC-Task T SAF Aes s 1
T eiceseings
Cortigured operation modes
Safety option DN Name Actvalue SetValue
Display 5040032 Prmary operation mode 11: pos il feedback 1 lagless Freerere
bigatio
i L Watchwindow
£ Channel A
Configuration e S
.. Error reaction / drive Ha
Avaiable parameters for Process Data Parameters for Process Data
Controller overview _
Ot control 500011 Class 1 diagnostic (C10) - 500135 Drve status word
control 5-0.0012: Class 2 diagnostic (C2D) T 5-0-0051: Posttion feedback value 1 netor feedbs|
Motor and Feedback S40-0013: Class 3 diagnostic (C3D) 5-040189: Folowing dtance:
o 5:0:0025: MDT emor counter E P-0-0203: Intemal braking resistor: actua average
Scaling and NC paramet, | | 2 005 Veiocsy fesdback value 1 P-0.0218: Intema| braking resistor peak utization
 Process data/Operation | | | 5.0.0053: Postion feedback value 2 fertemal
Probe unit 500084 Torque feedback vake
§0.0130: Probe value 1 postive edge
Parameter list S00131: Prabe value 1 negative edge

o
S-0-0156: Velocity feedback value 2 fextemalf
$0.0179: Probe status
S-0-0347: Velacity eror

Service functions
Diagnostics

5-0-0380: DC bus voliage

5-0-0381: DC bus cuent

50-0383: Motor temperature

5-0-0384: Amplfier temperature

5-0-0390: Diagnostic number

S0.0409: Probe 1 postive latched

§-0-0410: Probe 1 negative laiched -

< I 3

"Actual continuous power" is an arithmetically
averaged value of the actual power. Even after
several typical machine cycles the value of P-0-0210
(P-0-0209 internally) must always remain below the
value of the continuous power of the brake resistor.

A cycle time of 100 s is assumed for calculating the
brake resistor power. Monitoring should therefore
take place over this time as a minimum. The
permissible value for the continuous power can be
found in P-0-0207 (internal brake resistor) or
P-0-0208 (external brake resistor):

"Actual peak energy" indicates the greatest measured
braking energy, much like a drag indicator does. The
situation with the maximum required peak braking
power, e.g. emergency stop, is supposed to be
determined and tested. In the process, the value of
P-0-0218 (internal) or P-0-0219 (external) should stay
considerably below 100%.

For more exact observations it is possible to record
the parameters with the software oscilloscope. If for
example the velocity or the position is recorded, a
better allocation of the current braking power to the
machine cycle is possible. To this end the parameters
must be inserted into the process image beforehand:

1

AX2090-BW5Sx-xxxx"“.

Further information on external brake resistors can be found at:

Information on mechanical and electrical installation, dimensions and technical data can be found in
the system manual for the AX5000 servo drive under: ,Accessories — External brake resistor —

AX5000
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For further analysis peak values are recorded in the parameters P-0-0220 (internal brake resistor) or P-0-0221 (external) with respect
to the duty cycle.

Duty cycle (DC) = switch-on time / cycle time (machine cycle) x 100%
Beckhoff specifies an overload factor for the brake resistors, depending on the duty cycle (see diagram below):

AX2090-BW51-3000 and AX2090-BW51-6000
AX2090-BW52-3000 and AX2090-BW52-6000
AX2090-BW53-3000 and AX2090-BW53-6000

AX2090-BW54-3000 and AX2090-BW54-6000 AX2090-BW50-xxxx and AX2090-BW51-1000
Overload factor depending on duty circle Overload factor depending on duty circle
30 30
_ 20 _ 20
215 ERE
£ 10 S 10 ~
8 8
z - 2
D D
3 3
\
1 1
1 3 6 10 20 40 60 80100 1 3 6 10 20 40 60 80100
ED [%] ED [%]

Multiplied by the power rating, the permissible short-term power results from the overload factor dependent
on the duty cycle:

Short-term power = Power rating x Overload factor (UF)

For the AX5000 energy values were calculated for the supported brake resistors from the power rating, duty
cycle and overload factor and saved as parameters. They can be found for the internal brake resistor in
P-0-0207 and after selecting an external brake resistor P-0-0208.

Sample: AX2090BW50-1600 with 47 ohm and 1600W power rating
Overload factor for 1% duty cycle: 30

1% duty cycle for 100s cycle time corresponds to 1s

1s x 1600W x 30 = 48000J

Correspondingly the other saved values result:

Duty cycle [%] |40 20 10 1 0.1
Overload factor |2.2 3.9 7 30 144.375
Peak E. [J] 140800 124800 112000 48000 23100

When the brake resistor becomes active, the software program calculates the current energy values, related
to the duty cycle and presents the maximum values in P-0-0220 or P-0-0221. Both parameters are reset
when the device is restarted (=0). The values entered in operation are preserved until the next restart or until
they are overwritten by the user. They can be compared with the permissible values in P-0-0207 (internal
brake resistor) or P-0-0208 (external). As a result it may be possible to influence the braking power in critical
regions by modifying the cycle.

The greatest percentage value is entered in P-0-0218 or P-0-0219 (in %) (see above).

22.4 DC link charging and monitoring

The new state machines for "Umain" and "DC link charging" ensure high availability and at the same time
improved protection of the servo drive.
Basis is the fast measurement of the mains (X01) and DC link voltage.

All servo drives in a common DC link group should be operated with a firmware v2.06 or = v2.10.
The charging of the DC link is faster and the axis is thus ready for operation sooner.

The voltage tolerance of the mains voltage for error messages has become larger:
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» By default the overvoltage limit is 120% of the mains voltage
+ and the undervoltage limit 70% of the mains voltage.

If larger values are desired, they can be entered with P-0-202 (overvoltage, values > 20%) and P-0-0203
(undervoltage, values > 30%).

The warnings for mains overvoltage or undervoltage are always triggered at the limits defined by P-0-0202
(overvoltage) and P-0-0203 (undervoltage).

This means in the case of P-0-202 >20% and voltage values > nominal voltage (P-0-0201) + P-0-0202 [in %]
that the error is triggered simultaneously with the warning.

In the case of undervoltage, error and warning are triggered simultaneously if P-0-0203 > 30% and the
present voltage is < P-0-0201 — P-0-0203 [in %].

Mains interruptions do not cause an error message as long as the DC link voltage approximately
corresponds to the last measured mains voltage. In the case of low energy requirement of the axes it is quite
possible to bridge mains interruptions lasting up to one second.

The requirement "axis should move until no more voltage is there"

(P-0-0204 "DisableDcLinkVoltageMonitoring") results in no error message being generated in relation to the
DC link voltage. At a lower voltage, however, not all speeds can be reached. The application must therefore
monitor the DC link voltage.
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23 Cogging torque compensation

® Available from firmware v2.13

1 The cogging torque compensation function is available from firmware v2.13.

This documentation applies to the AX5000 servo drive. The chapters contain information on how to
parameterize cogging torque compensation via the corresponding IDNs.

You can then check the status of the function and interpret error messages. Finally, information is provided
about different IDNs that are important for the function.

23.1 Function

In synchronous servomotors with permanent magnets, torque fluctuations occur due to design-related
asymmetries, which have a particular effect at low speeds. The servomotor becomes unstable as a result.
The cogging torque compensation improves the synchronization characteristics of the servomotor
considerably by applying compensation torques.

By default, the function is always switched on, provided that the servomotor is equipped with the
corresponding compensation parameters. Below a speed of 500 rpm, the speed fluctuation is reduced
significantly.

23.2 Requirement

The compensation parameters must be available in the electronic identification plate of the encoder memory
of the servomotors.

23.3 Parameter description

The following information explains which S-parameters and P-parameters are involved in the function. The
commissioning scenarios serve as examples. The configuration is always dependent on the application and
environmental and operational conditions.

Parameter Name Description

P-0-0630 Cogging compensation control Switching on and off the function.
Selection of the source of the
compensation parameters.

P-0-0631 Cogging compensation status Shows the current status of the function

P-0-0632 Cogging compensation parameter Compensation parameters

P-0-0633 Cogging compensation feedforward |Current applied compensation torque
torque
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Control

P-0-0630

Cogging compensation control

Torgue / Force scaling
Congging compensation status

(I Use encoder memory cogging comp para if available

. Lse encoder memory cogaing come para f avalable | i
1. Use encoder memory cogging comp para
Z2: lUse drive memaory cogging comp para

Cogging compensation parameter : : ¢
Cogging compensation feedforward torque 00 i g:;gs;tnagrtzgtni?#ggmg SR R
Value [Selection Information
0 Use encoder memory Default value
cogging comp para if The compensation parameters are
available taken from the encoder memory if
they are available
1 Use encoder memory The compensation parameters are
cogging comp para taken from the encoder memory.
An error message of the servo drive
is issued if the compensation
parameters are not available.
2 Use drive memory cogging | The compensation parameters are
para taken from the servo drive memory
3 Use startup list cogging The compensation parameters are
comp para part of the startup list of the servo
drive
4 Cogging comp off Deactivating the function

AX5000
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24 Thermal motor model

® Reference values for the thermal motor model:
1 S-0-0012; S-0-0111, S-0-0135; S-0-0196, P-0-0052; P-0-0061; P-0-0062, P-0-0066 and P-0-0063.

The thermal motor model calculates the current thermal utilization (P-0-0063 in %) of the motor. This
utilization display serves to determine the application-specific utilization reserves. Furthermore, the thermal
motor model offers motor protection by means of the dynamic detection of overloads. The motor data for
Beckhoff servo motors from the series AM8000 originate from the electronic name plate (offline from the
motor data files *.xeds). The motor data generator can be used to create motor data files for third-party
motors.

If a temperature sensor (e.g. KTY83-110, KTY84-130, PT1000) is installed in the motor that allows a
temperature evaluation over the entire operating temperature range (see motor technical data), the motor is
initialized in accordance with the current temperature.

The operating temperature cannot be measured if PTC thermistors are used that exhibit a fast increase in
the resistance value in the region of the nominal response temperature (motor cut-off temperature). In this
case the motor is initialized in accordance with the max. permissible ambient temperature (40 °C). It should
be noted here that after switching off the 24 V system supply a waiting time (5 times the motor time constant
P-0-0062, time constant 1) is required before switching on again. This ensures the thermal motor protection
with the motor model. The value of the load display is incorrect if the waiting time is not adhered to.

241 Functionality from firmware v2.10

A more precise thermal motor model is used from firmware v2.10. This second order model calculates the
winding temperature with the help of the winding time constant (P-0-0062, time constant 2). Furthermore, a
speed-dependent calculation of the iron losses is carried out. This ensures a considerably improved
utilization of the motors.

@® Calculation of the copper and iron losses!

For the calculation of the copper and iron losses must be the IDNs S-0-0111, S-0-0196 and
P-0-0066 filled with reliable and engine-specific datal

24.2 Functionality up to firmware v2.06

Up to and including firmware v2.06, the copper losses are used in connection with the thermal time
constants of the stator and the housing (P-0-0062, time constant 1) for a utilization display.

Motor windings with a small thermal mass are protected by means of a time limitation of the peak current
(P-0-0052, default: 3 s).

The model is initialized independently of the temperature sensor on the basis of the max. permissible
ambient temperature (40 °C).

® Calculation of the copper losses!

For the calculation of the copper losses must be the IDNs S-0-0111 and P-0-0066 filled with reliable
and engine-specific data!
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24.3 Parameter description

IDN P-0-0062 (Thermal motor model)

DM Mame ActValue SetValue Unit
= P-HI062 Thermal motor model
Time constant 1 780 780 g
Time constant 2 70 70 5
Partial fraction factor 25 25 %
VWaming limit 20 80 %
Ermor limit 100 100 %
Emor reaction 1: Shut down on emor ... 1; Shut down on emor ...
- P-HI063 Themal motor utilization 0 L

Time constant 1

Represents the thermal time constant of the motor (stator and housing). It can typically be taken from the
motor manual.

Time constant 2

Represents the thermal time constant of the winding. In the case of Beckhoff motors, the value of this time
constant exists both in the electronic name plate and in the motor data sets.

Partial fraction factor
Divides the thermal resistance.
Warning limit

The threshold value for a warning output can be set here. The warning allows a motor overload to be
detected at an early stage. The user can react, for example, with an (automated) load adjustment.

The reaching of the warning limit can be read from S-0-0012 — Class 2 diagnostic (C2D) bit 2. A pending
C2D error is also displayed in S-0-0135 Drive Status Word bit 12.

Error limit
The threshold value for the error reaction can be set here.
Error reaction

If the set threshold value (error limit) is reached, one of the following error reactions can be chosen:

No. Error response

0 The motor model is inactive (no calculation)

1 The error FD17 is generated and the associated error reaction is activated (see AX5000 diagnostic
messages) (Shut down on error level)

2 Reduction of the current to the S1 characteristic of the motor (Reduction to the S1 characteristic)

IDN P-0-0063 (Thermal motor utilization)

The IDN contains the output value of the thermal motor model, which displays the utilization of the motor as
a percentage.
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25 Torque (Force) — Controller Structure

® Terminology

1 Based on this documentation, the term that is usually used for the functional description of the
torque and
force controller structure is torque controller structure. Force controller structure is used for linear
motors.

@® Parameters used for the torque (force) controller structure:

1 S-0-0080; S-0-0081, S-0-0082, S-0-0083, S-0-0084, S-0-0092, P-0-0002; P-0-0074, P-0-0092,
P-0-0094, P-0-0454, P-0-0459, P-0-0465, P-0-0505

25.1 Functionality from firmware v2.10

® Torque-Interface!

1 If the torque interface is active, the torque setpoint (S-0-0080) must be mapped directly in the
process data. The mapping then enables these process data to be linked externally (NC / CNC /
PLC).

The torque control structure is realized through a current controller and a proportionality relationship between
current and torque. The torque controller structure enables the torque requirement of the higher-level velocity
controller to be met. The characteristic torque/current curve therefore maps the motor characteristics
(saturation effect).

Set point limitation

: Thermal S-0-0082
i model of the S-0-0083
. servo drive / S-0-0092
: motor
Set point calculation pos. M.,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o neg. M,,,. :
i - P ? Current controller
i S-0-0081 P ) i Characteristic P-0-0074 OO :
: : Neg min. Pos min. : :
: oo limit limit § s g : 3
© P-0-0505 P ; ; : ; 5 iq_Ctrl 5
S P : 3 i
| S-0- P / {P.0-0454; e f b 3 : ;
S-0-0080 : :P00454§ |q —f(M) P-0-0465 3" gp >
Reference value P-0-0094 il‘c’)rr?::e/ Reference value P-0-0092
$-0-0084 1 P-0-0459
: M =1f'(lq) < ;

This results in the following relationships for representing the torque:
P-0-0094 [ Nm ]
1000 Yoo

Act torque [Nm] = S-0-0084 [%c]
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2511 Setpoint value calculation

Depending on the set operation mode (S-0-0032), the set value is either generated in the velocity controller

(P-0-0505) or provided directly via the torque interface (S-0-0080). The pre-control value (S-0-0081) is then
added.

25.1.2 Setpoint limiting

Setpoint limiting (see block diagram on page 1) affects the torque setpoint. Limiting is unipolar positive
(S-0-0082), unipolar negative (S-0-0083) and bipolar (S-0-0092).

2513 Motor torque characteristic

The required current setpoint is determined in relation to the torque setpoint, based on the motor torque
characteristic. This current setpoint is then fed to the current controller. The actual torque for the actual
current is also based on the motor torque characteristic. When the torque controller is used with Beckhoff

motors, the data required for the motor torque characteristic are included in the electronic type plate or the
motor data files (.xeds).

If the precise motor characteristics (saturation effects) are not available via the motor torque characteristic
(blue curve), an approximation based on the diagram shown below is used.
This approximated function (based on linear interpolation) is formed from the IDNs:

« P-0-0070, P-0-0073, S-0-0111 and S-0-0109 for rotary motors and
+ P-0-0126, P-0-0128, S-0-0111 and S-0-0109 for linear motors

(see red characteristic curve).

If only the standstill torque (P-0-0070) with corresponding standstill current (S-0-0111) is available, a
conversion is performed via Ky, (green characteristic curve).

M [Nm]
F [N]

Motor peak torque P-0-0073
Motor peak force P-0-0128

Effective peak torque / force P-0-0094

Motor continious stall torque P-0-0070
Motor continous stall force P-0-0126

1A]

Motor stall current S-0-0111 |-------reoeeeees
Motor peak current S-0-0109 |--------mrrmmmmmmmmmrmeeree

N
o
S
Q
<
o
=
c
o
—
—
5
o
4
©
5]
o
o]
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2514 Current controller

The current controller represents the inner controller of the cascading control loop structure. Based on field-
oriented control, an advanced PI controller provides the current components required for the requested
operation mode S-0-0032. The g-current is proportional to the torque (for linear motors it is proportional to
the force). The settings for the current controller parameters K, and Ty are based on the motor winding data
and the optimum bandwidth (compromise between dynamics and noise generation).

For Beckhoff motors the settings for the optimum bandwidth are taken from the electronic type plate (or
offline from the motor data files *.xeds). For the most applications these settings can be left unchanged. The
motor data generator can be used to create motor data files for third-party motors.
Corresponding pre-controls are applied to deal with systematic interference:

» Load and mains voltage-dependent fluctuations of the DC link voltage

* Induced motor voltage and

+ Voltage over the winding inductance.

25.1.41 Generation of the output voltage

Generation of the output voltage for the AX5000 servo drive is based on a PWM clock frequency of 8 kHz. In
order to reach an acceptable compromise between power loss and requirements for the insulation system of
the motor, the AX5000 operates with a maximum rate of voltage rise (d, / d;) of 5 kV per ps.

® IDN P-0-0001 (Switching frequency of the IGBT module)

Further information on the clock frequency of the AX5000 servo drive can be found in the
description of the IDN parameters (www.beckhoff.com) under:
P-0-0001 (Switching frequency of the IGBT module).

The voltage profile at the servo drive output described above results in certain requirements for:
+ the cable configuration,
« the cable length and
« the insulation system of the motor.

If Beckhoff cables and motors are used, all requirements are met, based on the procedures described in
chapter ,Motors and cables for servo drives®.

® EMC-compliant commissioning

Further information on EMC-compliant commissioning can be found in the
AX5000 EMC leaflet, which is available on the Beckhoff website (www.beckhoff.com).
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25.2 Functionality up to firmware v2.06

® Description of the function blocks

All firmware v2.06 function blocks that were not described specifically (lower diagram) are
equivalent to the function blocks of the block diagram for firmware v2.10.

The current controller structure enables the current requirement of the speed controller to be met. This

current is proportional to the torque. Conversion according to the individual motor characteristic (P-0-0074)
enables the required current to be determined. It depends on the requested torque, which in firmware v2.06
is provided in the form of a current. This current is proportional to the torque.

Set point limitation

Thermal S-0-0082
i model of the S-0-0083
: servo drive / S-0-0092
: m]tor J
Set point calculation pos. M,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, neg. M.
: o individual motor characteristic ‘ Current controller
S-0-0081 P-0-0074 Neg min. Posmin.: e :
S IR { limit limit : §
| P-0-0505 ‘ : , iq_Ctrl
P-0-0454 P-0-0465 §
| 5-0-0080 - Ig=f'(lg~ M R P N
T 0 q=f(lg"M) 7‘4 »C ?—’_ i -
%Torque :
Reference value P-0-0092 proportional i Reference value P-0-0092
icurrent : :
S-0-0084 P-0-0459
M = f'(Iq) <
This results in the following relationship for representing the torque:
o P-0-0092 1 A Nm
Act_torque [Nm] = S-0-0084 [%ec] - — - Ky
1000 o0 A
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25.3 Parameter description

IDN P-0-0074 (Motor torque characteristic)

The parameter contains 10 ordered pairs of numbers. They describe the relationship between torque-forming
current and torque, as a function of M = f (l,).

IDN P-0-0092 (Configured channel peak current)
Preset peak current of the channel. The peak current is usually preset to twice the rated motor current.

Unit: ampere (A)

IDN P-0-0094 (Configured channel peak torque)

Preset peak torque of the motor. The peak torque depends on the control parameter. The parameter is
related to the motor characteristics and parameter P-0-0092 (from firmware v2.10).

Unit: newton meter (Nm)

IDN P-0-0454 (Effective torque command value)

Set torque value based on parameter P-0-0094. This parameter matches parameter P-0-0456 (actual motor
current phase).

Unit: per thousand; one-tenth of a per cent (%o)

IDN P-0-0459 (Actual torque generating current)

Actual value of torque-forming current, based on parameter P-0-0092. This parameter matches the actual
torque value S-0-0084. The parameters are related via the motor characteristics.

Unit: ampere in %o

IDN P-0-0465 (Effective current command value)

Instantaneous set current value, based on parameter P-0-0092. This parameter matches the set torque
value P-0-0454. The parameters are related via P-0-0454 and P-0-00465.

Unit: ampere in %o

IDN P-0-0505 (Velocity controller output)

Output value of the torque controller, based on parameter P-0-0094. The parameter is only used during
commissioning of the higher-level speed controller (from firmware v2.10).

Unit: per thousand; one-tenth of a per cent (%o)

IDN S-0-0081 (Additiv torque command value)

Pre-control value for acceleration pre-control. This value is added directly to parameter P-0-0505 and
indicates a torque based on parameter P-0-0094. The parameter is only used during commissioning of the
higher-level speed controller (from firmware v2.10).

Unit: per thousand; one-tenth of a per cent (%o)

IDN S-0-0082 (Positive torque limit value)

The parameter limits the set torque/force value of the controller. The upper positive limit is specified (unipolar
pos.). If this limit is exceeded, the drive sets bit 3 of S-0-0013.

The reference value is P-0-0092 and P-0-0094 (from firmware v2.10).

Unit: per thousand; one-tenth of a per cent (%o)
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IDN S-0-0083 (Negativ torque limit value)

The parameter limits the set torque/force value of the controller. The lower negative limit is specified
(unipolar neg.). If the value falls below this, the drive sets bit 3 of S-0-0013.

The reference value is P-0-0092 and P-0-0094 (from firmware v2.10).

Unit: per thousand; one-tenth of a per cent (%o)

IDN S-0-0084 (Torque feedback value)

Actual value of torque current, based on parameter P-0-0094. The parameters are related via the motor
characteristics. (from firmware v2.10)

Unit: ampere in %o

IDN S-0-0092 (Bipolar torque limit value)

The parameter limits the set torque/force value of the controller. The lower negative (bipolar neg.) and upper
positive (bipolar pos.) limit is specified. The lowest value of all set limits applies.

The reference value is P-0-0092 and P-0-0094 (from firmware v2.10).

Unit: per thousand; one-tenth of a per cent (%o)

IDN S-0-0109 (Motor peak current)
Peak current of the motor (according to data sheet)

Unit: ampere (A)

IDN S-0-0111 (Motor continuous stall current)
Standstill current of the motor (according to data sheet)

Unit: ampere (A)
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26 Variable position interface

® Reference values for the variable position interface:
1 S-0-0051; S-0-0053; S-0-0079

If the AX5000 is to transfer a single-turn position with a resolution of more than 20 bits to the controller, the
variable position interface must be used.

The position of the axis is recorded in the AX5000 and handed over to the controller in S-0-0051 with a data
length of 32 bits. Parameter S-0-0079 (Position Resolution) now specifies how many of these 32 bits are
used for the single-turn range in S-0-0051* (Position feedback value 1). The remaining bits form the variable
multi-turn range.

*This function also exists in S-0-0053 (Position feedback value 2).

26.1 Functionality from firmware v2.10

From AX5000 firmware v2.10 S-0-0079 is writeable and can be parameterized between 2% bits and 2 bits.
The single-turn position length in S-0-0051 and S-0-0053 can thus be set from 20 to 30 bits. That results in
the multi-turn position length with 12 — 2 bits. Note that both ranges always change. If the single-turn
resolution is increased, the maximum multi-turn count value is reduced.

Captions
o 7," Yellow area = variable range
CTTTTTTTT T T T T I T T T T T T T Grey area = permanently assigned
——f— range
MT:12-2Bit  + ST: 20 - 30BIit = 32t MT = Multi-turn range
ST = Single-turn range

Commissioning

Parameter S-0-0079 (Position Resolution) can be
adjusted via the TC Drive Manager. To do this, go to
the corresponding (controller) channel —
Configuration — Scaling and NC parameters.

g ng and NC parameters
Ratational position resolution: | 1048576: 2°20 bit =]

Feed constant: 104.8576 ‘mm j #motor rotation __Se[ NC Parameters .

N sesiafactr| /] e This value (data length) can be manually set by the
NCmodiascales 200 | user in the TC Drive Manager.

[ Invert MC-Encoder counting direction [ Irvwert MC-Drive motor polarity The defaU|t Va|Ue fOr parameter 8'0‘0079 |S 1048576

(2%°) and corresponds to a 20-bit single-turn range.

If parameter S-0-0079 is changed via the TC Drive Manager, the changes necessary for NC take place
automatically.
The following values are then changed in the NC axis under the object Enc (Encoder):

« Scaling Factor Denominator

* Encoder Sub Mask
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If parameter S-0-0079 is changed manually and not via the TC Drive Manager, note that a decimal number is
used there which corresponds to 2", where n = [20-30]. The PLC function block FUNCTION_BLOCK
FB_SoEwrite is used for manual configuration of the parameter S-0-0079.

The following possible values thus resulit:

max. single-turn resolution in bits Number in S-0-0079
20 1048576

21 2097152

22 4194304

23 8388608

24 16777216
25 33554432
26 67108864
27 134217728
28 268435456
29 536870912
30 1073741824

26.1.1 Rotary feedback sample

A multi-turn feedback system with 23-bit single-turn and 12-bit multi-turn is used. If the position resolution is
left at 20 bits, then 20 bits single-turn and 12 bits multi-turn are transmitted to the controller.

If the position resolution is changed to 23 bits, then 23 bits single-turn and 9 bits multi-turn are transmitted to
the controller. The maximum multi-turn range is thus reduced to 9 multi-turn bits (U,.,, = 2° = 512).

26.1.2 Linear feedback sample

An absolute feedback system with a resolution of 5 nm is used together with a linear motor with a 24-mm
pole pitch (see technical data for the linear motors). This results in 4.8 million increments per electrical
revolution** (24 mm / 5 nm). In order to measure this, Position Resolution must be set to at least 23 bits (8.3
million increments). The maximum explicit travel range is thus reduced to 9 multi-turn bits (S, = 2° x 24 mm
=12288 mm).

Static magnetic field  Electromagnetic
direction of the rotor field direction
(flux vector) (current vector) Movable primary

assembly

Polepitch (24 mm)

=~ 1 electrical 1 pair of poles

rotation

U
Magnet plates Permanent magnets with
(Fixed secondary assembly) alternating polarity

**An electrical revolution is defined in the case of a linear motor by the pole pair distance of the individual
magnets. This electrical revolution is schematically illustrated in the picture above. For further information we
recommend that you read the section “Commutation method”.
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27 Velocity - Controller Structure

® Terminology

1 The terminology used in this documentation primarily refers to
rotary motors (e.g. actual velocity value).

® Reference values for the velocity controller structure:

1 S-0-0032; S-0-0036; S-0-0037; S-0-0040; S-0-0081; S-0-0084; S-0-0091; P-0-0003; P-0-0504;
P-0-0505; P-0-0514 P-0-0519; P-0-0523; P-0-0524; P-0-0558

27.1 Functionality from firmware v2.10

® Velocity-Interface!

1 If the velocity interface is active, the velocity command value (S-0-0036) must be mapped directly in
the process data. The mapping then enables these process data to be linked externally (NC / CNC /
PLC).

The velocity controller structure is realized via velocity controllers and modules for determining the actual
velocity value. The velocity controller structure enables compliance with the speed requirements of the
higher-level position controller.

S-0-0081 s
Pl :
Set point limitation Actuating variable limitation
.................................. S-0-0032 e,
Set point calculation P-0-0523
= P-0-0524
{5-0-0037
§ \
£ $-0-0036 :
i ! P-0-0505
{P-0-0558 v : '
' $00032 | i . i i
P-0-0519 :
Pos_Fb1 |
S-0-0040
N — |
: Observer L M., (S-0-0084) :

P-0-0514 Actual velocity value calculation

This results in the following relationship for the velocity values:

L o rev 60 - 1000
velocity_feedback_value [rpm] = S-0-0040 — | - o
2%ms 2
Parameter P-0-0519 contains the result of the differentiation of the position signal. It has the same units as
parameter S-0-0040. The origin of parameter S-0-0040 depends on the settings in parameter P-0-0514.
2711 Setpoint value calculation
Depending on the set operation mode (S-0-0032) the control value (P-0-0558) for the position controller is

provided as velocity command value or directly from the interface (S-0-0036). The pre-control value
(S-0-0037) is then added.
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27.1.2 Setpoint limiting

Setpoint limiting (see block diagram on page 1) affects the velocity command value. The limitations are
bipolar (S-0-0091).

2713 Velocity controller

d The ,Velocity controller” section is currently still in preparation and will be released as soon as
possible.
271.4 Determining the actual velocity value (differentiation)

In the AX5000 a speed signal is calculated from the position signal of the motor feedback (through
mathematical differentiation). This signal quickly responds to changes, but it contains noise and can surge in
the presence of mechanical resonances. Mapping takes place in parameter P-0-0519.

27.1.5 Determining the actual velocity value (Velocity Observer)

® Reference values of the Velocity Observer:

S-0-0040; S-0-0109; S-0-0111; P-0-0070; P-0-0071; P-0-0073; P-0-0074; P-0-0126; P-0-0127
P-0-0128

An Observer is a system for representing parameters that are difficult to measure, based on a model and known input and measured
variables.

For frequencies above around 300 Hz the noise associated with the velocity signal calculated from the feedback becomes problematic.
The Velocity Observer of the AX5000 is used to solve this problem. It estimates the acceleration from the measured current and from
this the speed signal (through numerical integration). This speed signal is smoother and less susceptible to mechanical resonances.

When the Velocity Observer is used, up to the set bandwidth the velocity controller takes into account the speed signal calculated from
the feedback, at higher frequencies it takes into account the speed signal estimated from the torque-forming current. The purpose of
the Velocity Observer is to provide the velocity controller with a speed signal without resonance-induced oscillations over a wide
frequency range. It acts similar to a low-pass filter, but without the disadvantage of a phase shift.

The result of the actual velocity value determination with the aid of the Velocity Observer is mapped in parameter S-0-0040.

® Velocity Observer settings and internal filters!

1 Further information about Velocity Observer settings and a detailed description of the procedure
can be found below in this section.
Further information about the filter types mentioned above can be found in chapter: ,Control quality
— internal filters [» 661" in the function manual for the AX5000 servo drive.

Functionality from firmware v2.10

F)| From firmware v2.10, in addition to a third-order
observer ("Basic mode"), a fifth-order observer
Bandggatigidtenawitn) ("Advanced mode") is available for special

+10 / applications.

0 ~ - In Basic mode the position signal calculated from the
10 A velocity signal is attenuated with 20 dB / decade

/ \ above the bandwidth. In Advanced mode attenuation
-20 / takes place with
30 60 dB / decade.
-40 / f Both versions, basic and advanced, operate with the
1 10 100 1 kHz 10 kHz cycle of the velocity controller

(default setting 16 kHz).

glatter Amplitudengang ohne Phasenverschiebung
smooth amplitude response without phase shift

Hochpass gefilterte Geschwindigkeit aus mechatronischen Model
High-pass filtered velocity from mechatronic model

. Tiefpass gefilterte Geschwindigkeit aus dem Feedback-Signal
Low-pass filtered velocity from the feedback signal
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27.1.51 Prerequisites for the operation

Since the Velocity Observer estimates the axis acceleration from the current, it needs the value of the
moment of inertia. This motor value is entered in parameter P-0-0071 or P-0-0127 (only for linear motors)
when the motor is selected.

The value for the load must be added there:

=~ P-0-0071 Mechanical motor data
Rotor moment of inertia 4.08 “0.0001 kgm™2
H Load moment of inertia 0.00 “0.0001 kgm™2

If the correct value is unknown, it should be estimated. Common values for the moment of inertia ratio
between load and motor are in the range 3 - 10.
27.1.5.2 Adjustment procedure

For most applications it is beneficial to use the Velocity Observer in basic mode. The bandwidth should be
left at the default value of 500 Hz. The diagram below illustrates the effect of activating the Velocity Observer
with the default settings in the oscilloscope:

90,0 -

60,0 -

30,0 4

[y S— e

-30,0 4

-60,0+

-90.04

The recording originates from a linear axis with ball screw. The green line shows the actual velocity in mm/s.
The Observer was activated at the black vertical line.
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The Bode diagram shows that system peaking at approx. 380 Hz disappears after activation of the Velocity
Observer, since the open-loop phase shift is lower with activated Velocity Observer from approx. 100 Hz.
The result is a larger phase margin:

Gain Response

304

204

104

o4

Magnitude [d5]

-104

-204

-304d

1
10 100 1000

Phase Response
90

60+

304

-304
-60]
—— e - — e
-QD,P- = = e o g

-1204

Phase [°]

-150
-180
-210

-240

-2704

10 Frequle?:EV[Hz] lDIUU
The green line was recorded with the Observer switched off, the red line with the Observer switched on. The
dashed line shows the open-loop phase shift.

If interfering resonances occur in the lower frequency range, it may be useful to reduce the bandwidth of the
Velocity Observer. For axes with very rigid coupling between motor and load it may be useful to increase the
bandwidth.

Advanced Mode

Advanced mode is recommended for axes with high narrow-band resonance frequencies, for which a notch
filter is considered. The bandwidth of the Velocity Observer should be lower than the resonance frequency
by a factor 2 ... 3.

Compared with the notch filter, the Velocity Observer benefits from a greater tolerance, even though the
resonance frequencies can vary somewhat over time, or depending on the position.

27.1.5.3 Practical example

Request:

The spindle of a machine tool has a resonance frequency at 800 Hz.
In advanced mode the bandwidth of the Velocity Observer is set to 300 Hz.

Aim of the setting:

The Velocity Observer should improve the bandwidth of the velocity controller. Once the velocity controller
has been "calmed", e.g. by reducing the Velocity Observer bandwidth, one can try increasing the
proportional gain, in order to achieve a better response of the velocity controller.
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27.1.5.4 Description of IDN P-0-0514

=gP00514  |Velogityobsever | | | |
- Mode 0
: Bandwidth 500 Hz
Comection factor Ig to Acc 1.000
Diamping 0.700

Mode
Default value: 1 Basic Observer

Here you can choose between the following settings:

» 0: Off = Velocity Observer not active

« 1: = Basic Velocity Observer active in basic mode (3rd order)

+ 2: = Advanced Velocity Observer active in advanced mode (5th order) (from firmware 2.10)
Bandwidth
Default value: 500 Hz

Here you can set the bandwidth of the Velocity Observer. The filter effect can be intensified by reducing the
bandwidth. Increasing the bandwidth reduces the filter effect. At low bandwidth the speed signal is very
smooth, although in this case any interference takes longer to compensate.

A higher bandwidth enables faster correction of faults. The associated higher bandwidth of the velocity
controller causes a larger current ripple.

The basic rule:

The higher the resolution and quality of the motor feedback system used, the higher the bandwidth can be
set.

Correction factor Iqg to ACC
Default value: 1

If the moment of inertia for the motor and the load is set correctly in P-0-0071 or P-0-0127 (only for linear
motors), the Observer can correctly calculate the axis acceleration from the measured current value:

dew M(i)
dt  JLast+ JMotor

* Correction factor

The Observer uses the table M = M(i) stored in P-0-0074.

® Torque/current characteristic curve P-0-0074

Further information about the torque/current characteristic curve P-0-0074 can be found in chapter:
~Jorque (force) controller structure [»_118]" of this function manual.

The equation indicates that the calculated acceleration value is too large if the value for J,,,4 is too small and
vice versa. Depending on the load and coupling type between motor and load, part of the load may become
decoupled at frequencies above the Observer bandwidth and may then no longer be active. The "Correction
factor" can be increased, in order to compensate this. The value for the full moment of inertia of the load is
also required for the acceleration pre-control [»_24] and should therefore be entered as precisely as possible.
If the acceleration pre-control [P_24] was enabled, the correct value for the moment of inertia can be
determined. It is the value at which the pre-control works perfectly with the 100% setting. The optimum value
for the "Correction factor Iq / Acc" can be determined using a Bode diagram for the velocity controller.

Damping

Default value: 0.7
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The value can only be changed in basic mode. The default value of 0.7 should remain unchanged, if
possible.

27.1.5.5 Velocity Observer parameter description

IDN P-0-0070 (Motor continiuous stall torque)

Standstill torque of the motor (according to data sheet)
Unit: newton meter (Nm)

IDN P-0-0071 (Mechanical Motor Data)

Rotor moment of inertia of the motor (from the electronic type plate) and motor-related moment of inertia of
the load (to be entered by the user).
Unit: kgcm?

IDN P-0-0073 (Motor peak torque)

Peak torque of the motor (according to data sheet)
Unit: newton meter (Nm)

IDN P-0-0126 (Motor continiuous stall force)

Standstill force of the linear motor (according to data sheet)
Unit: Newton (N)

IDN P-0-0127 (Mechanical Linear Motor Data)

Weight of the coil unit of the linear motor (from the electronic type plate) and weight of the load (to be
entered by the user).
Unit: Kilogram (kg)

IDN P-0-0128 (Motor peak force)

Peak force of the linear motor (according to data sheet)
Unit: Newton (N)

IDN S-0-0109 (Motor peak current)

Peak current of the motor (according to data sheet)
Unit: ampere (A)

IDN S-0-0111 (Motor continuous stall current)

Standstill current of the motor (according to data sheet)
Unit: ampere (A)

27.1.6 Control value limiter

The set value limitation affects the control value of the velocity controller. The limitations are unipolar positive
(P-0-0523) and unipolar negative (P-0-0524). The limited control value can be read via P-0-0505.

27.2 Functionality up to firmware v2.06

® Description of the function blocks

All firmware v2.06 function blocks that were not described specifically (lower diagram) are identical
to the function blocks of the block diagram for firmware v2.10.
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S-0-0081

Set point limitation Actuating variable limitation

| P-0-0505

Pos_Fb1

I

S-0-0040

(t
|

Observer : M, (S-0-0084) '

P-0-0514 Actual velocity value calculation

This results in the following relationship for the velocity:

L, o rev 60 - 1000
velocity_feedback_value [rpm] = S-0-0040 [—] . ( J

230.”15-' 2.?()

Parameter P-0-0519 contains the result of the differentiation of the position signal. It has the same units as
parameter S-0-0040. The origin of parameter S-0-0040 depends on the settings in parameter P-0-0514.

27.21 Determining the actual velocity value (Velocity Observer)
Fw)| Functionality up to firmware v2.06
Bandbreite (Bandwidth) Up to firmware v2.06 there is a third-order Observer
+10 ("Basic mode").
/
o) P Jm_ _‘ I A D Above the bandwidth the velocity signal calculated
from the position signal is attenuated with 20 dB per
10 decade.
20 20dBDekade - The Observer operates with the cycle of the velocity
30 controller (default setting 8 kHz).
-40 f
1 10 100 1 kHz 10 kHz
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27.3 Parameter description

IDN S-0-0036 (Velocity command value)

In the velocity controller, velocity command values are transferred cyclically from the controller to the servo
drive via this parameter. The cycle time is specified in parameter S-0-0001.

Unit: rev/(2*°ms)

IDN S-0-0037 (Additive velocity command value)

The parameter contains the additive velocity command value. This is cyclically added to parameter S-0-0036
(velocity command value), if the controller provides the value.

Unit: rev/(2*°ms)

IDN S-0-0040 (Velocity feedback value 1)

The parameter contains the actual velocity value. It is determined from the signals of feedback system 1. If a
Velocity Observer is active, the signal of feedback system 1 is transferred by the Velocity Observer.

Unit: rev/(2*°ms)

IDN S-0-0081 (Additiv torque command value)

Pre-control value for acceleration pre-control. This value is added directly to parameter P-0-0505 and
indicates a torque based on parameter P-0-0094. The parameter is only used during commissioning of the
higher-level velocity controller (from firmware v2.10).

Unit: per thousand; one-tenth of a per cent (%o)

IDN S-0-0091 (Bipolar velocity limit value)

This parameter limits the velocity command value of the drive. This parameter defines the upper (positive)
and lower (negative) limit. The lowest value of all set limits applies.

Unit: rev/(2*°ms)

Further information on IDN P-0-0514 can be found under: Description of IDN P-0-0514 [»_130].
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28 Axis deceleration ramps

A DANGER

Serious injuries caused by moving axes!

The deceleration ramps of the AX5000 servo drive are purely functional and not suitable for personal
protection purposes!

A fault in the drive system may have the following effects:

- it may not be possible to enable the functional deceleration ramps;

- it may not be possible to bring the axes to a standstill.

In other words, the axes may not respond. This could cause serious injury.

Before commissioning ensure that all external personal protection measures were applied.

The AX5000 servo drive has functional deceleration ramps, which brake or coast down the connected
motors in the event of fault.
Both ramps are configured via the parameters:

* S-0-0372 (Drive Halt Acceleration Bipolar) and

» S-0-0429 (Emergency Stop Deceleration)

When configuring the parameters, the braking energy balance of the whole system has to be taken into
account. Mechanical and electrical limits affect the maximum deceleration.

Electrical limits result from:

+ the available current
The torque available for braking the axes depends on the maximum current limit. This determines the
shortest possible deceleration time.

+ the absorption of regenerative energy (generated during braking)
The energy is first absorbed by the DC link. When this is saturated, energy is fed to the internal or
external braking resistors. The capacity of the internal and/or external braking resistors indicates for
how long the energy returned from the DC link can be converted to heat. This increases the
deceleration time.

Testing the deceleration ramps

During operation the deceleration ramps are activated automatically in the event of an error reaction of the
drive system. To assess these processes, it is necessary to trigger and test the functional ramps manually
during commissioning.

Proceed as follows:

Parameter S-0-0372 (Drive Halt Acceleration Bipolar)

+ Trigger the manual process via bit 14 "Enable Drive" in parameter S-0-0134 (master control word).

Parameter S-0-0429 (Emergency Stop Deceleration)

« Trigger the manual process via parameter P-0-0310 (error reaction verification)
"Force error reaction: Closed loop ramp".

@® Further information on axis deceleration ramps.

Settings and configuration instructions for the deceleration ramps can be found in this manual under
digital inputs and outputs [» 35] — hardware enable [» 36] and
limit switch monitoring [P 37].
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29 Requirements for torque control

29.1 Function

To be able to use the TwinCat function block FB TorqueControl, additional settings must be made on the
servo drive. The following chapter explains these settings.

29.2 Requirement

® Important preparations for using torque control
1 The following preparations must be made before use:

« Install firmware 2.14 or newer
* Commissioning the servo drive
* NC axis is scaled and can be moved

29.3 Configuration

29.3.1 Operation modes

In the "Basic settings" under the "Process Data" tab, the following options are to be selected:

Ch A@Drive 14 (AX5...evice 4 (EtherCAT) + X
BECKHOFF

Q Basic settings

Startup list

@ Run motor Q? Tune drive Q Diagnostics

...........................................................................................................................

Parameter list Secondary operation mode 1| torque/force control (1)

Drive commands Secondary operation mode 2| no mode of operation (0)

Secondary operation mode 3 | no mode of operation (0)

Operation mode Selection
Primary operation mode pos ctrl feedback 1 lag less (11)
Secondary operation mode 1 torque/force control (1)
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29.3.2 Extend process data

Under the "Advanced" tab (1) in the "Process data" category, inputs and outputs must be added to the
PDOs. To move the selection, the respective selection must be marked and moved with the right arrow (3).
Refer to the following tables for the necessary settings:

29.3.2.1 Input

Ch A@Drive 11 (5. evice5 Enercan = > I

BECKHOFF

# Basic settings (i Scaling & Tune drive @ Diagnostics C - 1

Startup list

Process data “ Primary operation mode bos ctrl feedback 1 lag less (11) Info: change the of
— .
Parameter list PDOs @ Search PDOs: |feedback [x]
Drive commands v Outputs 3
A Inputs
Ch A Velocity feedback 1 value (S-0-0040; DINT; 32bit)

Ch A Position feedback 2 value (external feedback) (5-0-0033; DINT: 32bit)
Ch A Torque/force feedback value (S-0-0084; INT; 16bit)

PDOs Channel
Inputs Ch A Velocity feedback 1 value (S-0-0040; DINT;
32bit)
Ch A Torquef/force feedback value (S-0-0084; INT;
16bit)
29.3.2.2 Output
Ch AQDrive 1 (85..cvce s Etnercan = <

BECKHOFF

# Basic settings

@:. Scaling ¥ Tune drive @ Diagnostics

Startup list

Process data “ Primary operation mode l pos ctrl feedback 1 lag less (11) Info: change the op

Parameter list PDOs W) Search PDOs: [velocity limit value [x]
Drive commands A Outputs

Ch A Low velocity limit value (P-0-0484; DINT; 32bit) - 3
Ch A High velocity limit value (P-0-0485; DINT; 32bit)

PDOs Channel
Outputs Ch A Low velocity limit value (P-0-0484; DINT; 32bit)
Ch A High velocity limit value (P-0-0485; DINT; 32bit)
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29.3.3 Re-Link Axis with NC

Switch to the NC axis and link again to the associated AX5000 channel.

The following links are added:

» Low velocity Limit value —"NCAXxis" / Drive / Outputs / Out / nDataOut6
 High velocity Limit value —"NCAxis" / Drive / Outputs / Out / nDataOut5

29.34 Change parameters

To finish the setting process, you need to change the following parameter:

P486 — 1 Torque might be reduced to zero

29.4 Object description

IDN Name Description
P-0-0484 Ch A Low velocity This IDN shall provide the low
limit value velocity limit value in extended
torque mode.
P-0-0485 Ch A High velocity This IDN shall provide the high
limit value velocity limit value in extended
torque mode.
P-0-0486 Torque limitation This IDN shall indicate the torque
option code limitation modes of the extended
torque mode.
S-0-0040 Ch A Low velocity feedback 1 The velocity feedback 1 value can
value be transferred from the drive to the

control unit. The velocity feedback
1 value refers to the motor
feedback. In case of using the
observer the observed velocity is
provided. Scaling see S-0-0036.

S-0-0084 Ch A Torquef/force feedback value |The torque/force feedback is

providing the actual torque/force to
the control unit.
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30 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:
e 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

138 Version: 1.9.1 AX5000


https://www.beckhoff.com/en-gb/support/download-finder/index-2.html
https://www.beckhoff.com/support
https://www.beckhoff.com/
https://www.beckhoff.com/




More Information:
www.beckhoff.com/ax5000

Beckhoff Automation GmbH & Co. KG
Hilshorstweg 20

33415 Verl

Germany

Phone: +49 5246 9630
info@beckhoff.com
www.beckhoff.com



mailto:info@beckhoff.de?subject=AX5000
https://www.beckhoff.com
https://www.beckhoff.com/ax5000

	 Table of contents
	1 Foreword
	1.1 Version numbers
	1.2 Notes on the documentation

	2 For your safety
	2.1 Staff qualification
	2.2 Description of symbols

	3 Asynchronous motors - Special functions
	3.1 Stall protection controller
	3.2 General Information
	3.2.1 Functionality from firmware v2.03
	3.2.2 Configuration


	4 Ballast calculation for single-axis drives
	4.1 Formulary
	4.2 Example for horizontal travel drive
	4.3 Example for a vertical travel drive

	5 Acceleration pre-control
	6 Operation of encoders with EnDat interface and battery-backed absolute position
	6.1 Description of the problem
	6.2 Message from encoder
	6.3 Resetting the error message and warning
	6.4 Emergency mode
	6.5 Additional error message

	7 Change to compatible type
	7.1 Functional description
	7.2 Term definitions

	8 Digital inputs and outputs
	8.1 Diagnostic output
	8.2 Hardware-Enable
	8.3 Limit switch monitoring
	8.4 Ready to operate
	8.5 Digital output control word

	9 Extended commutation monitoring
	9.1 Associated settings in P-0-0010
	9.2 Parameter P-0-0069, Commutation monitoring
	9.3 Possible cause for the error triggering
	9.4 Diagnostic options
	9.5 Remedy for frequent commutation error

	10 Field weakening
	10.1 Function
	10.1.1 Synchronous motors
	10.1.2 Asynchronous motors

	10.2 Requirement
	10.3 Parameter description
	10.3.1 P-0-0445
	10.3.2 P-0-0455

	10.4 Scope view

	11 Gantry Brake
	11.1 Function
	11.2 Parameter description
	11.2.1 P-0-0340
	11.2.2 P-0-0341


	12 Comissioning a Generic Encoder with BISS-C Interface
	12.1 Preface
	12.2 Encoder-Interface
	12.3 Wiring
	12.4 Required Data for Comissioning
	12.5 Selecting the Feedback
	12.6 Adjusting Encoder specific Settings
	12.7 Definition of Parameter P-0-0150
	12.7.1 Feedback Type string
	12.7.2 Power Settings
	12.7.3 Process Channel
	12.7.4 Parameter Channel
	12.7.5 Parameter Channel / Data / BISS

	12.8 Restrictions for Clock Frequency
	12.9 Troubleshooting
	12.9.1 Try analog signals only
	12.9.2 Change BISS settings


	13 Internal velocity filters
	13.1 Basic principles
	13.2 1st and 2nd order IIR filter – Infinite Impulse Response Filter
	13.3 Notch filter (band-stop filter)
	13.3.1 Parameterisation of the filter

	13.4 1st order low pass filter
	13.4.1 Parameterisation of the filter

	13.5 1st order phase correction filter
	13.5.1 Parameterisation of the filter


	14 I*t calculation in the AX5000 servo drive
	14.1 Special features in the case of an AX520x two-channel device
	14.1.1 Taking AX5206 as an example


	15 Configuration and control of the motor brake
	15.1 Configuration
	15.2 Control

	16 Configuration of a second feedback on the AX5000 servo drive
	16.1 Possible encoders for the second feedback
	16.2 Initial commissioning
	16.3 Configuration of the second encoder
	16.4 Checking the second feedback
	16.5 Activate the second feedback
	16.6 Setting the "Feedback Gear Ratio"

	17 Modulo
	17.1 Operation without modulo (application with 1:5 gear unit)
	17.2 Operation with modulo
	17.3 Parameterisation
	17.3.1 Activating the modulo function
	17.3.2 Influenced IDNs
	17.3.3 Maximum possible speed

	17.4 Configuration
	17.4.1 Prime number gears
	17.4.2 Exchange
	17.4.3 Resetting the modulo error
	17.4.4 Clearing the modulo data


	18 Motor types and operation modes
	19 Parameter set switchover
	19.1 Switching to a parameter set
	19.2 Parameter description

	20 Probe unit (functionality)
	20.1 Parameterization

	21 Position offset
	21.1 Parameter description

	22 Power Management
	22.1 Mains voltage monitoring
	22.2 DC supply
	22.3 Diagnostics for external brake resistors
	22.4 DC link charging and monitoring

	23 Cogging torque compensation
	23.1 Function
	23.2 Requirement
	23.3 Parameter description
	23.3.1 P-0-0630


	24 Thermal motor model
	24.1 Functionality from firmware v2.10
	24.2 Functionality up to firmware v2.06
	24.3 Parameter description

	25 Torque (Force) – Controller Structure
	25.1 Functionality from firmware v2.10
	25.1.1 Setpoint value calculation
	25.1.2 Setpoint limiting
	25.1.3 Motor torque characteristic
	25.1.4 Current controller
	25.1.4.1 Generation of the output voltage


	25.2 Functionality up to firmware v2.06
	25.3 Parameter description

	26 Variable position interface
	26.1 Functionality from firmware v2.10
	26.1.1 Rotary feedback sample
	26.1.2 Linear feedback sample


	27 Velocity - Controller Structure
	27.1 Functionality from firmware v2.10
	27.1.1 Setpoint value calculation
	27.1.2 Setpoint limiting
	27.1.3 Velocity controller
	27.1.4 Determining the actual velocity value (differentiation)
	27.1.5 Determining the actual velocity value (Velocity Observer)
	27.1.5.1 Prerequisites for the operation
	27.1.5.2 Adjustment procedure
	27.1.5.3 Practical example
	27.1.5.4 Description of IDN P-0-0514
	27.1.5.5 Velocity Observer parameter description

	27.1.6 Control value limiter

	27.2 Functionality up to firmware v2.06
	27.2.1 Determining the actual velocity value (Velocity Observer)

	27.3 Parameter description

	28 Axis deceleration ramps
	29 Requirements for torque control
	29.1 Function
	29.2 Requirement
	29.3 Configuration
	29.3.1 Operation modes
	29.3.2 Extend process data
	29.3.2.1 Input
	29.3.2.2 Output

	29.3.3 Re-Link Axis with NC
	29.3.4 Change parameters

	29.4 Object description

	30 Support and Service

		documentation@beckhoff.com
	2023-11-21T11:43:21+0100
	Beckhoff Automation, Verl
	Documentation Publishing




