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1 Foreword

1.1 Notes on the documentation

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

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

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

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

Disclaimer

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

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

Trademarks

Beckhoff®, TwinCAT®, EtherCAT®, Safety over EtherCAT®, TWinSAFE®, XFC® and XTS® are registered
trademarks of and licensed by Beckhoff Automation GmbH.

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

Patent Pending

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

EP1590927, EP1789857, DE102004044764, DE102007017835

with corresponding applications or registrations in various other countries.

The TwinCAT Technology is covered, including but not limited to the following patent applications and
patents:
EP0851348, US6167425 with corresponding applications or registrations in various other countries.

—
EtherCAT.

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

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

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

Offenders will be held liable for the payment of damages. All rights reserved in the event of the grant of a
patent, utility model or design.
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2 Safety

2.1 Safety instructions

Safety regulations

Please note the following safety instructions and explanations!
Product-specific safety instructions can be found on following pages or in the areas mounting, wiring,
commissioning etc.

Exclusion of liability

All the components are supplied in particular hardware and software configurations appropriate for the
application. Modifications to hardware or software configurations other than those described in the
documentation are not permitted, and nullify the liability of Beckhoff Automation GmbH & Co. KG.

Personnel qualification

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

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!

Serious risk of injury!

Failure to follow the safety instructions associated with this symbol directly endangers the
life and health of persons.

P>

DANGER

Risk of injury!

Failure to follow the safety instructions associated with this symbol endangers the life and
health of persons.

P>

WARNING

Personal injuries!

>

Failure to follow the safety instructions associated with this symbol can lead to injuries to

persons.
CAUTION
' Damage to the environment or devices
° Failure to follow the instructions associated with this symbol can lead to damage to the en-
vironment or equipment.
Attention

Tip or pointer
This symbol indicates information that contributes to better understanding.
Note

6 Version: 1.0 AX5000 Tuning - Guide
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3 Tuning Velocity Controller (Ziegler&Nichols)

3.1 General Information

The main velocity controller parameters are the proportional gain Kp (S-0-0100) and the integral action time
Tn (S-0-0101).
i [ i i 5 [ oo On selection of the motor default values are set,
e TR ST which enable the motor to be operated safely without
=F load.

During commissioning the two parameters should be
adjusted in order to find a good compromise between
drive responsiveness (controller bandwidth) and
noise generation.

The method described below initially determines the
stability limit of the control loop. The value
determined for the gain is then multiplied with a field-
proven factor, based on the rules of Ziegler and
Nichols, in order to obtain a stable control loop.

If the bandwidth of the control loop turns out to be inadequate for the application, other methods should be
used. A description of these methods would be beyond the scope of this documentation.

' Nature and source of the danger
[ ]

This does not apply to vertical axes that are subjected to a continuous force, since it would
) cause the axis to drop. In order to minimize the influence of the integral controller, Tn
Attention | should be set to a large value, e.g. 100 ms. Be sure to test carefully!

3.2 Preparation

For the tuning process the axis must be able to move in both directions, without reaching the mechanical end
stops. For example, it should be pushed manually to the center of the travel path.

IE———————_——hame In most cases the AX5000 operates in mode "11:
:;Efa’fi"ws. T e e : Position control feedback 1". In order to eliminate the
T influence of the position controller, Kv should be 0 for
the tuning process in the position controller. In
addition, Tn is set to 0 in the velocity controller.

Taning &

Following-error monitoring should be disabled for the
D e NC axis or set to a large value so that it is not
e R SIS triggered in the following tests.
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3.3 Determining the stability limit for Kp

To determine the stability limit, while the axis is active, Kp is increased in the velocity controller in small steps
until the axis starts to oscillate. Depending on the axis type and the environment in which the axis is
operated, it may be sufficient to determine the stability limit based on the noise generation. When Kp
reaches a critical value, many axes start "squeaking" audibly. In noisy environments and for axes for which
oscillation must be avoided, the TwinCAT "Scope View" oscilloscope should be used. The next chapter
describes the setup. If the oscilloscope is not used, you can skip the next chapter and continue reading at
"Starting the test movement [P 9]".

3.4 Setting up TwinCAT Scope View

Use the function:

Projekdmappen-Laplocer

200|082~ | (o s e ok riiom o] omommt « File —» Add — New project
557 rojekimappe “Tuning” (L Prejeb] Meues Projett hinzufigen : . .
S @Twng ot to add a "TwinCAT Measurement" project of type
bl SYSTEM L z {
'ﬂ NET Framework 4.3 Sortieren nache | Standard " . '
3 oW & T "Scope YT NC Project’.
B NC-Tock1 V8 TwaCAT Drive Manbges Project
*B prosessabid ol 41 Wchior Drgree Scope Array e P TwinCAT Massurement
] Tables - TuinCAT Measurement
i objects TwanCAT Projekte Seope VT Project. TwinCAT Mesturement
4 Em Achsen :
¥ a e iz Scope YT N Proj. TainCAT Mesurement
u::bw Seope VT Project_ TuinCAT Masturemest

B e st Pt + B ToinCAT Messurement Project Right-click on the chart to add two axes, so that a
4 5 Scope Y1 Projct 4[] Scope T Project total of three axes are available.
4 Target Browser

i B Target Browser

5‘"_? +  Cursor Window il b Cursor Window Notice!
LT FL Trigger Window | Err T . . . . .

L 2 FL TriggerWind If you have a sufficiently large monitor, right-click on

¥ New Asis ﬂ:g.: New Auis :

S New Empty Channel BT o) Nese Ermpty Channct the chart again and select "Stacked Axes" for a better
Stacked e Stacked Axes overview.
Apply Defaults Apply Defoults

_J Send Project By E-Mail... Serd Provect By E-Mail

2 Clear Error List end Frepect By Elat.

LU

Change Ads Symbol... EeE g

Change Index Group.. Change Ads Symbol..

Change Index Group...

Aigemein | EtherCAT [ DC__ | Prozessdaten | Startup [ SoE - Oniie | Onine | Drive Manager | NC-B: Online | NC-B: Functions | NC-A: Online | NC The axes are then Shown one be|OW the Other Add

— = e the "Torque feedback value" (S-0-0084), the velocity
LT O S PLU L] command value and the actual velocity value
EU || (i T S St &= (P-0-0504 and S-0-0040) to the AX5000 process

Configured operation medes:

Power d
Safety option DN Neme ActValue Setvalue [ ata.
Display 500032  Primary operation mode  11: pos cir feedback 1lagless  11: pos ctd feedback 1lag less E
.. Digital VO
- Watch window
Channel &
Configuration J— |
Motor and Feedba
) Avalable parametersfor Process Data Parameters for Process Deta
Scaling and NC pa
Process Dota/One || [PF0257 Actualmotorsumert prose V= 50:0135: Dnve sttus word
B P-0-0456; Actual motor cuent phase W S.0.0051: Pesilon feedback 1 valus fnolorfeed
&1- Controller overvie P-0-0459; Actual torque Aorce generating cure 00189 nce
- V/f control P-0-0460: Actual flux generating curent 00040 a0k Tvale
P00461 Actual sbsolute cusrt 0.0084: Toraueforos fesdback valus
Probe unit P-0-0462: Actual peak curent imit
Error reaction / dri POYS) henclaretiee
fective cument command value:
Parameterlist P-0-0502: Velocity controler cartyal word

Service functions P-0-0503: Velocity controller status word
Diagnostics P-0-0504: Effective velociy command value:

P-0-0505: Vielocitv controller outout

In the process image of the EtherCAT master activate
the ADS server and the symbol generation facility.

Projektmappen-Explorer ~ 1 X | Scope VT Project” Tuning + X
@ o-a &=

| Algemein | GréGe / Offset [ Buffered Mapping | ADS | Eingang | Ausgang |

Projektmappen-Explorer (Strg+0) duv P ~
] ] ADS Server aklivieren Port: 27305 (25D}
%] Projektmappe "Tuning” (2 Projekte)
4 [ Tuning bn\a erzsugen
b |l SYSTEM
b MOTION
SPS
] saFeTY
[fed co+
4 E/A
4 % Gerste
4 = Geratl (EtherCAT)
*H Prozessabbild
B Do bl Tnin
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m Tuning - Microsoft Visual Studio (Administrator)

DATE] f BEARBEITEMN  AMNSICHT  PROJEKT  ERSTELLEN  DEBUGG
gfolB-u-wub|Las[9-C b
B O e w—

Projektmappen-Explorer

@ o-a| &=
Projektmappen-Explorer (Strg-+ i) di J =

~ B X | Scope YT Project*

Gréke / Offset

ADS Server aldivieren

fa] Projektmappe "Tuning” (2 Projekte)
Fl “a Tuning

bl SYSTEM

b MOTION
5PS

SAFETY

o

Praptappr Expltet =7 %! e

Symbols erzeugen

AN Jigemn | EwrCAT | DT | Prosssndaten | Statu | SoE e | G | Dovr Marger [
pojeltragpai Exclas 5 st MO e Dot debae | el ik
) Pripeiamagpe Turing” Cireeinel || 20 2 & ([T w0 Dy 7 || Oance rase

0 Tuning e

T e
Paston meckscn. (102557 7 2060 =l
Fosdomans %

A acaing facsor: |36 7 [Toes
NG mockin woaly. | A25436 7355

ot A Erecer covrting demeten,

Dt it sefirgs o bred N s The o o £

Nature and source of the danger!

Now reactivate the configuration.

Right-click on an axis in the oscilloscope and open the target
browser.

Select:
« the controller,
» the ADS port,
« the drive and the channel.

Use “drag and drop” to assign the signals to the oscilloscope
axes, as shown (picture below).

4 [ TwinCAT Measurement Prajectt. ] Torget Browses
a [ Seope VT Project e e - e
a [ chan g
..-t& fuis OIS Narme Fype
n r =] JOCHENEA-NE %
[ Efective velneity cofl _ 18 Diriur: status word umT
B Velacity feedbacic 1 . B Position feedback 1 value DINT
a iy m T8 ToncTasat ga) B Folowing ditance DINT
Tarque/Foree feedhd B AdiPort ot mege 1 27903 | B Velocity feedback 1 alue nINT
4 fppml B Avtneb 5 (05206-0000 ] B Toraueforce feedbackvolue  INT
£H13 Fellawing distance - ATl 1) Effectrve vebuity cormmand val.. DINT
i Curser
= - ATz
1 Teigger - M1
- 0T 2
@ ..
o @ Kiesmne 2 (EL2002)

The signal scaling is not important for determining the stability
limit. To establish the relationship with the drive axis it may be
useful to enter the scaling factors in the property window of
the axis. The values can be taken from the "Scaling and NC
Parameters" window in the TC DriveManager.

If you start the recording now, the oscilloscope should not
issue an error message.

D Tuning - Microsoft Visual Studlio (Administrator)
DATEI BEARBETEN ANSICHT PROJEKT  ERSTELLEN

[B-o-2md|%aa|
=g | B 2 O @5 | [cxrre
T ErE

Projektmappen-Explorer
@ o-a| &=
Projektmappen-Explorer (Strg+a) du 2 ~

DEBUGGEN ~ TWIN
- | » Anfagen... -

B 1uning
Chart
Start: 12:44:47.170000 | End: 1245.06.358

o R

Scope VT Project + X

121 Projekimappe "Tuning" (2 Projekte)

b wl Tuning
12000,0

4[] TWinCAT Measurement Projectl
4 T Scope VT Project
" Chart 8000,0
4y 4000,0
] Effective velocity co H
] Velocity feedback 1 0.0

4 i sl

If a German keyboard is used, the decimal symbol must be comma!

3.5

Starting the test movement

From "NC Functions" select the function "Velo Step

Agemen | BheaT | DC

| Pruewdsen | Some | SoE-Oniee | Ovine | Dow e
| WC-A: Ordne HC-A: Furcions

NEC-B: Functions
~ 1161966 Tl
Erweteter Achsstan
ety o[ Welo Seep Sequence ¥ T [Erad J
Dhgeschw. | 180 fremsa] 1
Belgrschm 2. 150 s
Fahze: 1 s
e Time 1 5 Fusonierzel. s}
Bz Zykden ] (R FM 190000

Sequence". To make the axis reverse, you have to
specify two velocities with different sign. Enter 1
second as "ldle time", for example, and a number of
cycles.

Attention

Nature and source of the danger

Since the position controller and the integral component of the velocity controller are not
active, the axis may drift into another positioning range during reversing.

AX5000 Tuning

- Guide
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3.6 Evaluating the oscilloscope pattern

‘: ‘: : : ' _ : I'_— While the axis reverses, observe the behavior with the

‘ | oscilloscope. The following oscilloscope pattern shows the
}. I I |I | velocity command value and actual velocity value in the upper
- _' diagram and the current or torque ("torque feedback value") in
' ; . the lower diagram.

_ The red line is based on an increased value for Kp. The next
M motion shows that an oscillation occurs, which continues for

the whole motion.

ik g

Depending on the mechanical system, the value that was
reached can be regarded as Kp;, or Kp can be increased
further, until the oscillation also shows up in the velocity
value. It will then also be more audible.

In the sample application with a ball screw, the oscillation in
p— ] — the current signal starts at Kp = 0.22. Only a soft "squeaking"
can be heard, which is inaudible in a noisy environment.

At Kp = 0.25 the oscillation also shows up in the speed signal.

3.7 Reducing Kp

Based on the rules of Ziegler and Nichols, the correct value for Kp should be determined using the following
formula.

Kp = 0.45 x Kpg
In the example,

* Kp=0.45x0.22=0.10 or
* Kp=0.45x0.25=0.11

is the correct value.

3.8 Determining Tn

Tn determines the integral action time of the integral controller. The smaller Tn, the larger the gain of the
Integral controllers. The correct value for Tn is mainly dependent on the type of coupling between motor and
load. Many applications run satisfactorily with the default value Tn = 8 ms. At the Rigid coupling and if the
tracking error appears to be too large, Tn can e.g. up to 5 ms.

' Value ranges from Tn!
®

Do not reduce Tn any further without using the TC ScopeView to ensure that the current or
speed actual value does not start to oscillate! Values < 5 ms are not required in most appli-
Attention | cations. With elastic coupling between engine and load or even with long straps it may be
useful for Tn Values> 10 ms. Swinging of the axis is thereby prevented.

10 Version: 1.0 AX5000 Tuning - Guide
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4 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.

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 her internet
pages:
http://www.beckhoff.com

You will also find further documentation for Beckhoff components there.

Beckhoff Headquarters
Beckhoff Automation GmbH & Co. KG
Huelshorstweg 20

33415 Verl

Germany

Phone: +49(0)5246/963-0
Fax: +49(0)5246/963-198
e-mail: info@beckhoff.com
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(0)5246/963-157
Fax: +49(0)5246/963-9157
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(0)5246/963-460
Fax: +49(0)5246/963-479
e-mail: service@beckhoff.com

AX5000 Tuning - Guide Version: 1.0 11
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