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BECKHUFF Documented servo drives

1 Documented servo drives
This documentation describes the following servo drives in the AX5000 range:
AX5101 AX5160

AX5103 AX5172

AX5106 AX5190

AX5112 AX5191

AX5118 AX5192

AX5125 AX5193

AX5140

AX5201

AX5203

AX5206
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2 Foreword

2.1 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.

Servo Drives AX5000 Version: 2.4 9
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2.2 Documentation issue status

This documentation specifically refers to AX5000 hardware version 2

Version Comment
24 Chapter update:
Disposal 5.2

New chapter:
EU Declaration of Conformity 3.1

Delete chapter:

EU Conformity 3.1 (see: ,New Chapter); Electromagnetic compatibility 3.2; Asynchronous
motors — Special functions 10.8

2.3 Chapter update:

Name plate 6.2; Permissible ambient and operating conditions 7.2.1; Rotational encoders
9.12.1; OCT 10.7.1; Rotational encoders 9.12.1; External brake resistor 12.5.3; Motor chokes
12.7.1 and 12.7.2

2.2 Chapter update:

1.0;3.0;6.4-6.8;7.22;7.2.3;7.24;,9.1.3;9.14;9.3-9.7;9.84; 9.11.1; 9.12; 9.14 1;
10.1.6.3; 11.4

New Chapter:
Third party motors 10.1.5

General update:
Accessoires 12.0; Appendix 13.0

2.1 Chapter update:
2.3.1;7.2.4;8.2;9.1.3;9.1.4;9.3;9.12.1; 10.4.1; 10.4.2; 10.5; 12.2.1.1; 12.3.5.3

Delete Chapter:

10.7.2
2.0 General update
1.1 Chapter update:

9.7.5;9.8.1;9.8.4;14.21.1; 14.2.1.2

New chapter:
9.8.2

1.0 First published

221 Scope of the documentation

The overall documentation package for the AX5000 is comprised of the following manuals:
* This system manual
* Function manual
 Description of the drive parameters (S-IDN and P-IDN)
 Description of diagnostic messages
 Description of the TCDriveManager
» Description of the accessories

10 Version: 2.4 Servo Drives AX5000
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2.3 Appropriate use

The servo drives of the AX5000 series are exclusively designed for torque, speed and position control of
suitable asynchronous and synchronous three-phase current motors. The maximum permissible effective
motor voltage must be at least equal the effective mains voltage fed into the servo drive.

The servo drives from the AX5000 series are designed for installation as components in electrical systems or
machines and may be operated only as integrated system components.

Caution - Risk of injury!
Electronic equipment is not fail-safe. The machine manufacturer is responsible for ensuring

that the connected motors and the machine are brought into a safe state in the event of a
WARNING | fault in the drive system.

The servo drives may only be operated in enclosed control cabinets and in accordance with the conditions
described in the "Technical data" chapter.

Servo Drives AX5000 Version: 2.4 11
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2.31  Dual Use (EU 1382/2014)

According to EU Regulation 1382/2014 (published on 30.12.2014), standard frequency converters, including
the Beckhoff AX5000 product range, are now classified as dual-use products. The list of goods in Annex | of
Dual-Use Regulation 428/2009 was amended accordingly; frequency converters (listed under item 3A225)
with an "operating frequency greater than or equal to 600 Hz" are now subject to export control. Note the
following changes.

Firmware versions without the supplement (Dual Use compliant) can only be operated on the following
devices, taking into account the hardware versions:

* HW Version 1.0 (AX5xxx-0000-00xx): serial number < 68.000
* HW Version 1.0 (AX5xxx-0000-001x)
* HW Version 2.0 (AX5xxx-0000-02xx): serial number < 140.000
* HW Version 2.0 (AX5xxx-0000-021x)
Firmware versions with the supplement (Dual Use compliant) can continue to be operated on all devices,

irrespective of the hardware versions. These versions support both rotary field frequency ranges (< 600 Hz,
>= 600 Hz), depending on the device.

Devices with optional ID “001x” and "021x": shipping as individual part may require official approval.
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3 Guidelines and Standards
3.1 EC declaration of conformity
We,

Beckhoff Automation GmbH & Co. KG
Hulshorstweg 20

33415 Verl

Germany

hereby declare, under our sole responsibility, that the product range

Digital Compact AX5000 servo drive
(Types AX510x, AX511x, AX5125, AX5140; AX520x, AX5160, AX5172, AX519x).

The modules named here have been developed, designed and manufactured in accordance with the Low
Voltage Directives 2006/95/EC (until 19/04/2016) and 2014/35/EC (from 20/04/2016) as well as the EMC
Directives 2004/108/EC (until 19/04/2016) and 2015/30/EC (from 20/04/2016). They meet the requirements
of RoHS Directive 2011/65/EU.

The following standards were applied:

+ Generic standard: EN 6100-6-2:2005
(Interference immunity for the industrial area)

* Generic standard: EN 61000-6-4:2007+A1:2011
(Interference emission for the industrial area)

* Product standard: EN 61800-3:2004+A1:2012
(Adjustable speed electrical drives - EMC requirements and specific test methods).

* Product standard: EN 61800-5-1:2007
(Adjustable speed electrical power drive systems - Safety requirements)

* RoHS: EN50581:2012
(Technical documentation for the assessment of electrical and electronic products with respect to the
restriction of hazardous substances)

Attachment of the CE marking:
2016

Issued by:
Management

H. Beckhoff
Verl, 17/07/2017

Servo Drives AX5000 Version: 2.4 13
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3.2 UL approval for devices up to 40 A for the US and
Canada

The German translation of this section is intended for information only!
The English version of this section is binding.

The following servo drives from the AX5000 series have a UL-Listing and must bear the CUS symbol

AX5000 with UL approval

“®g§£§£ﬁ£q AX5101, AX5103, AX5106, AX5112, AX5118, AX5125, AX5140, AX5201, AX5203 and
" |AX5206.

on the name plate. If you intend to operate an AX5000 in the US or Canada, please check whether the name
plate shows the CUS label.

Below is a list of the relevant chapters that are amended with respect to the UL-Listing. Furthermore, UL-
specific remarks are listed.

3.2.1 UL-specific chapter changes

“Mains supply connection (X01)”

AX5000 shall be connected only to a grounded wye-source where the
maximum voltage does not exceed 277 V to ground.

“Connection of several servo drives to form a drive system”

Drive system with UL-Listing!

Please consult our Application Department with respect to the requirements for a drive sys-
tem with UL-Listing.

14 Version: 2.4 Servo Drives AX5000
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3.2.2 UL-specific chapter
“External protection, UL-compliant”

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

Suitable for use on a circuit capable of delivering not more than 18000 rms symmetrical amperes, 480 V
maximum, when protected by RK5 class fuses.

Single-phase:

AX5101 | AX5103 | AX5106 | AX5201 | AX5203 | AX5206
AC-supply (max.) *) 6 A 12 A 20 A 12 A 20 A 20 A
24 V-supply (max.) 3A
Brake resistor electronic

*) Mains fuses according to type “RK5” must be used.

Three-phase:

AX5101 | AX5103 | AX5106 AX5112 AX5118 | AX5125

AC-supply (max.) *) 6A 12 A 20 A 20 A 35A 45 A
24 \V/-supply (max.) 3 AT
Brake resistor electronic

AX5140 | AX5201 | AX5203 | AX5206

AC-supply (max.) *) 80 A 12A 20 A 20 A
24 V-supply (max.) 3 AT
Brake resistor electronic

*) Mains fuses according to type “RK5” must be used.

When protected by RKS5 class fuses:

AX5112:
Rated 20 A, min. 480 V

AX5118:
Rated 35 A, min. 480 V

AX5125:
Rated 45 A, min. 480 V

AX5140:
Rated 80 A, min. 480 V

Servo Drives AX5000 Version: 2.4 15
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3.23 UL-specific notes

Use in a Pollution Degree 2 environment
Use 75 °C Copper Conductors min.
Control Board rating = 24 V

Drive intended for use over a range of motor sizes. Internal motor overload protection level is
adjustable:

The internal motor protection is parameterised via the IDN P-0-0062 “Thermal motor model”, based on the
value of the IDN S-0-0111 “Motor continuous stall current”. The IDN P-0-0062 “Time constant” is specified by
the motor manufacturer and must be entered here. The IDN P-0-0062 “Warning limit” (Default) is responsible
for deciding when a warning is to be generated. The IDN P-0-0062 “Error limit” (Default) is responsible for
deciding when the motor is to be switched off. The default values take into account the specific
characteristics of the servomotors.

Canadal!

In Canada use only in combination with unit AX2090-TS50-3000, manufactured by Beck-
hoff Automation.

3.3 UL approval for devices above 60A for the US and
Canada

The German translation of this section is intended for information only!
The English version of this section is binding.

The following servo drives from the AX5000 series have a UL-Listing and must bear the CUS symbol

AX5000 with UL approval
“®ﬂ§.5§£ﬁé’q AX5160, AX5172, AX5190, AX5191, AX5192 and AX5193.

41GE

on the name plate. If you intend to operate an AX5000 in the US or Canada, please check whether the name
plate shows the CUS label.

Below is a list of the relevant chapters that are amended with respect to the UL-Listing. Furthermore, UL-
specific remarks are listed.

3.3.1 UL-specific chapter changes

“Mains supply connection (X01)”

AX5000 shall be connected only to a grounded wye-source where the
maximum voltage does not exceed 277 V to ground.

“Connection of several servo drives to form a drive system”

Drive system with UL-Listing!

Please consult our Application Department with respect to the requirements for a drive sys-
tem with UL-Listing.
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3.3.2 UL-specific chapter

“External protection, UL-compliant”

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

AX5160 and AX5172:

Suitable for use on a circuit capable of delivering not more than 5000 rms symmetrical amperes, 480 V
maximum. When protected by RK5 class fuses, rated 100 A maximum.

AX5190 - AX5193:

Suitable for use on a circuit capable of delivering not more than 10000 rms symmetrical amperes, 480 V
maximum. When protected by RK5 class fuses, rated 225 A maximum.

AX5160 | AX5172 AX5190 | AX5191 | AX5192 | AX5193

AC-supply (max.) *)

24 V-supply (max.) 4 AT 10 AT

Brake resistor electronic

*) Mains fuses according to type “RK5” min. 480 V must be used.

3.3.3 UL-specific notes

Use in a Pollution Degree 2 environment
Use 75 °C Copper Conductors min.
Control Board rating =24 V

Drive intended for use over a range of motor sizes. Internal motor overload protection level is
adjustable:

The internal motor protection is parameterised via the IDN P-0-0062 “Thermal motor model”, based on the
value of the IDN S-0-0111 “Motor continuous stall current”. The IDN P-0-0062 “Time constant” is specified by
the motor manufacturer and must be entered here. The IDN P-0-0062 “Warning limit” (Default) is responsible
for deciding when a warning is to be generated. The IDN P-0-0062 “Error limit” (Default) is responsible for
deciding when the motor is to be switched off. The default values take into account the specific
characteristics of the servomotors.

Canadal!

In Canada use only in combination with unit AX2090-TS50-3000, manufactured by Beck-
hoff Automation.

3.4 Electrical isolation according to EN 50178 / VDE 0160

The power section (motor connection, DC link connection and mains connection) and the control unit are
doubly insulated against each other, so that safe protection against accidental contact is ensured at all
terminals of the control unit without additional measures. The air and creepage distances also meet the
requirements of the above standard.

Servo Drives AX5000 Version: 2.4 17
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A Safety

4.1 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

UL pointer
This symbol indicates important information about the UL-compliant.
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Safety

4.2 Special safety notes for servo drives

The safety instructions are designed to avert danger and must be followed during installation,
commissioning, production, troubleshooting, maintenance and trial or test assemblies.

The servo drives of the AX5000 series are not designed for stand-alone operation and must always be
installed in a machine or system. After installation the additional documentation and safety instructions
provided by the machine manufacturer must be read and followed.

A

WARNING

Serious risk of injury through high electrical voltage!

* Never open the servo drive when it is live. Wait until the DC link capacitors are dis-
charged. The measured voltage between the terminals "DC+ and DC-" and "RB+ and
RB-" must have dropped below 50 V. Opening the device (with the exception of expan-
sion card slots) invalidates all warranty and liability claims against Beckhoff Automation
GmbH & Co. KG.

Negligent, improper handling of the servo drive and bypassing of the safety devices can
lead to personal injury or death through electric shock.

Ensure that the protective conductor is connected properly.

Disconnect the servo drive from the mains supply and secure it against reconnection
before connecting or disconnecting the pluggable terminals.

Disconnect the servo drive from the mains supply and secure it against reconnection
before working on electrical parts with a voltage > 50 V.

* Due to the DC link capacitors, the DC link terminal points "ZK+ and ZK- (DC+ and
DC-)" and "RB+ and RB-" may be subject to dangerous voltages exceeding 875 V.,
even after the servo drive was disconnected from the mains supply. Wait 5 minutes for
the AX5101 - AX5125 and AX520x; 15 minutes for the AX5140/AX5160/AX5172; 30
minutes for the AX5190/AX5191; 45 minutes for the AX5192/AX5193 after disconnect-
ing, and measure the voltage at the DC link terminal points "ZK+ and ZK- (DC+ and
DC-)". The device is safe once the voltage has fallen below 50 V.

A

WARNING

Serious risk of injury through hot surfaces!
» The surface temperature may exceed 50 °C, resulting in a risk of burns.
+ Avoid touching the housing during or shortly after operation.
* Leave the servo drive to cool down for at least 15 minutes after it is switched off.
» Use a thermometer to check whether the surface has cooled down sufficiently.

>

High risk of injury through uncontrolled movements!

* Read and take note of chapter "Important information for commissioning" each time be-
fore commissioning the AX5000

WARNING
Personal injuries
« Carefully read this manual before using the servo drive thoroughly, paying particular at-
tention to the safety instructions. In the event of any uncertainties please notify your
CAUTION sales office immediately and refrain from working on the servo drive.

Only well trained, qualified electricians with sound knowledge of drive equipment may
work on the device.

 During the electrical installation it is essential to ensure that the correct fuses/protective
circuit breakers are used between the mains supply and the servo drive. Further infor-
mation can be found in the "Electrical installation" section.

« If a servo drive is installed in a machine it must not be commissioned until proof of com-
pliance of the machine with the latest version of the EC Machinery Directive has been
provided. This includes all relevant harmonized standards and regulations required for
implementation of this Directive in national legislation.
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Attention

Damage to the environment or devices

 During installation it is essential to ensure that the specified ventilation clearances and
climatic conditions are adhered to. Further information can be found in the "Technical
data" and "Mechanical installation" sections.

* If the servo drive is operated in contaminated ambient air, the cooling openings must be
checked regularly for blockage. These checks should be carried out several times per
day.

» The servo drives contain components at risk from electrostatic discharge caused by im-
proper handling:

= Please ensure you are electrostatically discharged before touching the servo drive
directly.

= Avoid contact with highly insulating materials (synthetic fibers, plastic film etc.).
= Place the servo drive on a conductive surface.

= Do not touch the motor connector while the AX5000 is in operation.

20
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5 Handling

5.1 Transport and storage

Transport
* Only by qualified personnel
* Only in recyclable original manufacturer's packaging
* Avoid sharp impacts
» Temperature: -40...+70°C, varying no faster than 20K / hour
 Air humidity: relative humidity max. 95%, non-condensing

» The servo drives contain components at risk from electrostatic discharge caused by improper handling.
- Please ensure you are electrostatically discharged before touching the servo drive directly.
- Avoid contact with highly insulating materials (synthetic fibers, plastic film etc.).
- Place the servo drive on a conductive surface.

« If the packaging is damaged, check the uprighter and any included accessories for visible damage.
Inform the transport company and, if necessary, the manufacturer.

Storage

» The AX5000 and its accessories must not be stored outdoors. The storage space must be adequately
ventilated and dry.

« The devices must be stored in the recyclable original manufacturer's packaging.

» The servo drives contain components at risk from electrostatic discharge caused by improper handling.
- Please ensure you are electrostatically discharged before touching the servo drive directly.
- Avoid contact with highly insulating materials (synthetic fibers, plastic film etc.).
- Place the servo drive on a conductive surface.

» Max. stack height 8 cartons
» Storage temperature: - 40...+ 55° C, varying no faster than 20 K / hour
 Air humidity: relative humidity max. 95%, non-condensing

« Storage time:
< 5 years: without limitation

' Destruction of the equipment
[ ]

On no account must the device be connected to 400 V if the DC link capacitors have lost
] their forming.
Attention | The capacitors must be reformed (see below).

> 5 years: The dielectric (an oxidation layer with a thickness of approx. 1 y) in the DC link capacitors
degrades over time, and the capacitors lose their forming.

Prior to commissioning of the servo drive the capacitors must be reformed. Release all electrical
connections and feed the servo drive for about 30 minutes with 230 V¢ (single-phase) at terminals L1/L2 or
L2/L3.

Packaging
» Recyclable carton with inserts

+ Dimensions:
(HxW x D) 348 x 324 x 175 mm
Identification: Device name plate on the outside of the carton

5.2 Maintenance

* The devices are maintenance-free
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» Opening the devices invalidates the warranty

5.3 Cleaning

+ Soiled housing: Clean with isopropanol or similar
Do not immerse or spray!

+ Contamination inside the device: Cleaning by the manufacturer
» Soiled fan guard: Clean with (dry) brush

54 Disposal

» Screw connections enable the servo drives to be dismantled into main components (aluminum heat
sink, steel cases, PCBs)

» The device should be disposed of by a certified disposal company. You can obtain addresses from us.
Housing components (polycarbonate, polyamide (PA6.6)) are suitable for plastic recycling.

» Metal parts can be sent for metal recycling.
 Electronic parts such as circuit boards and terminals must be disposed of in accordance with national
electronics scrap regulations.

In accordance with the WEEE 2012/96/EG Directives we take old devices and accessories back for
professional disposal, provided the transport costs are taken over by the sender.

Send the devices with the note “For disposal” to:

Beckhoff Automation GmbH & Co. KG
Huelshorstweg 20
D-33415 Verl
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6 Product overview

6.1 Scope of supply

The AX5000 is supplied as follows:

» AX5000 in the performance class according to the order

» Connector
X01: for mains input
X02: for DC link (not for AX5140)
X03: for DC power supply (24 V)
X06: for digital inputs and outputs
X07: external brake resistor (only AX5140)

* Quick reference guide (Startup)
* Documentation on CD-ROM

bles.

Connector

The D-SUB connectors X11, X12, X21, X22 (for feedback cable and resolver/Hall) and the

motor and sensor connectors X13, X14, X23, X24 are not part of the scope of delivery of
Note the servo drive. However, they are included with pre-assembled motor and feedback ca-

6.2 Name plate

The servo drive features two name plates.

» Large name plate: The large name plate attached at the side of the servo drive and includes

the following information:

* Small name plate: The second name plate is attached to the upper mounting flange
mounted and is designed to show the main, even if several AX5000 are
installed directly side by side. The small name plate contains the

following information.

BECKHOFF 5533 %
Automation GmbH  Phone: +49 5246 / 963-0
= Cat.No.: AX5201-0000
1
1(Q — serial#: 000000018 Customized #: 0000 — 1
3 — Input rated voltage:

1 phase 100-240 VAC or 3 phase 100-480 VAC

7 Output rated current: Input frequency:

2x1,5A 50/60 Hz
www.beckhoff.com com

Huelshorstweg 20 Phone: + 4952 46/963-0
BECKHOFF D-33415 Verl Fax. :+495246/963-198

1 Automation GmbH & Co. KG Germany www.beckhoff.com info@beckhoff.com 1 7
Cat. No. : AX5206-0000-0200 Serial #: 000000019
-max. amb. temp. :50°C Customized #: 0000 —— 16
3 —Input rated voltage : 1 phase 100-240VAC or 3 phases 100-480 VAC
4 — Input rated current : 1 phase 17,1 Aor 3 phases 13,2 A

5 — Input frequency : 50/60 Hz

Output rated voltage  : 3 phases 0VAC-mains voltage
6 Output rated current  :2x6A )v 15

7~ | Output frequency range : 0 - 599 Hz EtherCAT. ™"
w0 [I[ ®wem) CE 14
! 2

HH‘ HHH HH ‘ Made in Germany

9 10 11 12 13

wye-source onl y

)

©

)
5

[ED
T ©
®

i
= =

oEES o

[ERe]
®

EEER |

E

Small
name plate

Large
name plate
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BECKHOFF §

lilshorstweg 20

-33415 Verl
Automation GmbH Phone: +49 5246 / 963-0 7
1 — Cat. No.: AX5160-0000 L =
10 —| Serial #: 000000018 Customized # 0000 — 14 —
3 Input rated voltage: | = S ma I I
e = name-
utput rated current: nput frequency:
7 1x60A sol60Hz | 5 i plate
www.beckhoff.com i com -
BECKHOFF  Daiisuen -~ o+ d95546)965 108
1 Automation GmbH & Co. K& Germany www.beckhoff.com info@beckhoff.com 17 e
Cat. No. : AX5160-0000-0200 Serial #: 000000018
2 —L max. amb. temp. 1 40°C Customized #: 0000 ]
3 —rInput rated voltage : 3 phases 400-480 VAC \ |-
4 — Input rated current : 3 phases 64 - 53 A 16
5—1 Input frequency : 50/60 Hz 13 =
Output rated voltage  : 3 phases 0V-mains voltage /
6 Output rated current  : 1 x 60 A | — 15 —
7 Output frequency range : 0 - 599 Hz Ether€AT™ 2 > 0 L
5“1 N0 O CE 14
1p20 Ind. Cond. Eq - =
o [l ®oe CE
/ \ —
9 10 11 12 L ®
L large
E ] name-
/ plate
= e N 31 I T
PDEeee®®®® 0
e — e = g
LN nJ
1 |Order number 7  |Rated output current 13 |EtherCAT compliant
2 |Max. ambient temperature 8  |Output frequency range 14 |CE compliant
3 |Rated input voltage 9 |Barcode 15 |Standard mains supply with
earthed center
4 |Rated input current 10 |Protection class 16 |Customer-specific
5 |Input frequency 11 |EAC compliant 17 |Serial number
6 |Rated output voltage 12 |cULus approval
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6.3 Type key

Product line
Servo drive

Type series
AX5000

No. of channels
1 = single-channel
2 = two-channel

AX5xyz-abcd-efg

Nominal current per channel
Single-channel devices

01, 03, 06, 12, 18,

25, 40, 60, 72, 90

or:

91=110A

92 =143 A

93=170A

Two-channel devices

01, 03, 06

Dual Use:
0=<599 Hz
1=>599 Hz

Hardware version
0 = 1* generation
2 = 2" generation

Version
0 = Standard version
1 = Custom version (see key)

Reserved

4

Hardware features

00 = Standard

02 = Auxiliary fan for devices that are
normally supplied without fan
(e.g. AX5201)

Reserved

Servo Drives AX5000

Version: 2.4
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6.4 Image showing AX5101 - AX5112 and AX520x

The servo drive shown below is a two-channel device designed for a maximum current of 12 A. Components
that are only available for the second channel are identified in the item description.

Item descriptions:

No. Name

1 X11 - feedback connection, encoder
2 X12 - feedback connection, resolver
3 X21 - feedback connection, encoder
channel B (only for two-channel unit)
4 X22 - feedback connection, resolver
channel B (only for two-channel unit)
5 X3x - optional slot for safety card
X4x - optional slot for expansion cards
6 Navigation rocker
7 Status LED for EtherCAT output
8 Labelling field
9 X05 - socket for EtherCAT output
10 X03 - power supply 24 V DC input
11 X14 — sensor for motor temperature, brake and OCT
12 X24 — sensor for motor temperature, brake and OCT

channel B (only for two-channel unit)

13 X23 - motor connection (U, V, W, PE)
channel B (only for two-channel unit)

14 X13 - motor connection (U, V, W, PE)
15 X01 - mains supply 100 - 480 V

16 X02 - DC link output
(max. voltage 875 V DC)
Connection for the external brake resistor

17 Max. voltage 875 V DC at the DC link
terminal points (X02). Once the device
has been switched off dangerous
voltage will still be present for a

DANGER further 5 minutes. The device is safe

once the voltage has fallen below 50
V.

18 X04 - socket for EtherCAT input

19 Labelling field

20 Status LED for EtherCAT input

21 Display

22 X06 - connection for digital inputs and outputs
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6.5

Image showing AX5118, AX5125 and AX5140

The servo drive illustrated below is an AX5140; the devices with 18 A or 25 A are structurally similar apart
from pos. 11 "X07" (external brake resistor).

Pos. [Name Pos. [IName

1 X11 - feedback connection, encoder 11 X07 - external brake resistor (only AX5140)

2 X12 - feedback connection, resolver 12 | X13 - motor connection (U, V, W, PE)

3 X3x - optional slot for safety card 13 X01 - mains supply 100 - 480 V

X4x - optional slot for expansion cards
4 Navigation rocker 14 | X02 — DC link output (max. voltage 875 V DC),
connection for external brake resistor (only
AX5118 and AX5125)

5 Status LED for EtherCAT output 15 X04 - socket for EtherCAT input

6 Labelling field 16 Labelling field

7 X05 - socket for EtherCAT output 17  |Status LED for EtherCAT input

8 X03 - power supply 24 V DC input 18 Display

9 Max. voltage 875V DC at |19 | X06 - connection for digital inputs and outputs
the DC link terminals
(X02). Dangerous voltage
continues to be present for
around 5 minutes after the

DANGER device has been switched

off (AX5140 = 15 min.).
The device is safe once the
voltage has fallen below 50
V.

10 X14 — sensor for motor temperature, brake

and OCT

Servo Drives AX5000

Version: 2.4
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6.6 Image showing AX5160 - AX5172

The servo drive shown below is a AX5172; the AX5160 is identical.

-
—
—
—
-
-
—_—
-
-
-

Item descriptions:

X03 - power supply 24 V DC input

No. [Name No. Name
1 | X4x - optional slot for expansion cards 9 X01 — mains supply 400 V — 480 V
2 |X3x - optional slot for safety card 10 |X11 - feedback connection, resolver
3 |X12 - feedback connection, encoder 11 |Display
4 | X06 - connection for digital inputs and 12 |Labelling field
outputs
5 |Navigation rocker 13 |X04 - socket for EtherCAT input
6 |Labelling field 14 |X14 - sensor for motor temperature and brake
7 |X05 - socket for EtherCAT output 15 |Connection for the external brake resistor DC link
8

output (875 V DC voltage). Motor connection (U, V, W,
PE)

. Serious risk of injury through high electrical voltage!

Due to the DC link capacitors, the DC link terminal points "DC+ and DC-" and "RB+ and
RB-" may be subject to dangerous voltages exceeding 875 V., even after the servo drive
DANGER |was disconnected from the mains supply.

After disconnection, wait for 15 minutes (AX5160/AX5172), 30 minutes (AX5190/AX5191)
or 45 minutes (AX5192/AX5193) and measure the voltage at the DC link-terminal points
DC+ and DC-. The device is safe once the voltage has fallen below 50 V.

28
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6.7

Image showing AX5190 - AX5191

The servo drive shown below is a AX5190; the AX5191 is identical.

Item descriptions:

No. |Name

No.

Name

1

X4x - optional slot for expansion cards

9

X14 - sensor for motor temperature and brake

2 |X3x - optional slot for safety card 10 |DC link output (875 V DC voltage), connection for
the external brake resistor

3 | X12 - feedback connection, encoder 11 |Motor connection (U, V, W, PE)

4 | X06 - connection for digital inputs and outputs |12 |X04 - socket for EtherCAT input

5 |Navigation rocker 13 |Labelling field

6 |Labelling field 14 |Display

7 |X05 - socket for EtherCAT output 15 |X11 - feedback connection, resolver

8 |X03 - power supply 24 V DC input 16 |X01 - mains supply

' Serious risk of injury through high electrical voltage!

Due to the DC link capacitors, the DC link terminal points "DC+ and DC-" and "RB+ and
RB-" may be subject to dangerous voltages exceeding 875 V., even after the servo drive

DANGER | was disconnected from the mains supply.

After disconnection, wait for 15 minutes (AX5160/AX5172), 30 minutes (AX5190/AX5191)
or 45 minutes (AX5192/AX5193) and measure the voltage at the DC link-terminal points
DC+ and DC-. The device is safe once the voltage has fallen below 50 V.

Servo Drives AX5000

Version: 2.4
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6.8 Image showing AX5192 - AX5193

The servo drive shown below is a AX5192; the AX5193 is identical.

Item descriptions:

No. Name No. Name
1 | X4x - optional slot for expansion cards 9 | X14 - sensor for motor temperature and brake
2 |X3x - optional slot for safety card 10 |X07 — external brake resistor
3 |X12 - feedback connection, encoder 11 |DC link output (875 V DC voltage).
4 |X06 - connection for digital inputs and outputs |12 Motor connection (U, V, W, PE)
5 |Navigation rocker 13 |X04 - socket for EtherCAT input
6 |Labelling field 14 |Labelling field
7 | X05 - socket for EtherCAT output 15 |Display
8 |X03 - power supply 24 V DC input 16 |X11 - feedback connection, resolver
17 |X01 — mains supply 400 V — 480 V

. Serious risk of injury through high electrical voltage!

Due to the DC link capacitors, the DC link terminal points "DC+ and DC-" and "RB+ and
RB-" may be subject to dangerous voltages exceeding 875 V., even after the servo drive
DANGER | was disconnected from the mains supply.

After disconnection, wait for 15 minutes (AX5160/AX5172), 30 minutes (AX5190/AX5191)
or 45 minutes (AX5192/AX5193) and measure the voltage at the DC link-terminal points
DC+ and DC-. The device is safe once the voltage has fallen below 50 V.
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7 Technical description

71 Configuration of the servo drives

ERE t e 'R
treere

The servo drives of the AX5000 series are available as single- or multi-channel versions and are optimized in
terms of function and cost-effectiveness. Integrated control technology supports fast and highly dynamic
positioning tasks. EtherCAT as a high-performance system communication enables ideal interfacing with PC-
based control technology.

The single-channel AX51xx servo drives are designed for rated motor currents up to 170 A.

The AX52xx two-channel servo drive enables operation of two motors with identical or even with different
capacity, up to a total current of 12 A. The multi-axis drives with variable motor output allocation optimize
packaging density and the cost per drive channel.

The AX5000 system enables simple and fast connection of several AX5000 devices to form a multi-axis
system through the AX-Bridge quick connection system. The pluggable supply and connection module
combines power supply, DC link, and control (24 V) and braking voltage.

A wide range of motor types can be connected to the AX5000. Motors of different size and type can be
connected without additional measures. Examples include synchronous, linear, torque and asynchronous
motors. The multi-feedback interface supports all common feedback standards.

such as: OCT, BiSS, EnDat, 1 Vss, Resolver.

The AX5000 was developed specifically for the EtherCAT real-time Ethernet system. The outstanding
features of EtherCAT are particularly beneficial for drive technology. They include short cycle time,
synchronicity and simultaneity. EtherCAT enables very short cycle times, even in networks containing a large
number of devices.
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7.2 General technical data

UL approval

If you intend to operate an AX5000 in a region that requires UL approval, please refer to
the chapter "Guidelines and Standards".

7.21 Permissible ambient and operating conditions

Technical data

AX5000

Ambient temperature during operation

0 °C to +50 °C (1.5 A — 40 A devices)
0 °C to +40 °C (60 A— 170 A devices), up to 55 °C with power
derating (2% / °C)

Ambient temperature during transport

-25°Cto +70 °C

Ambient temperature during storage

-25 °C to +70 °C (1.5 A — 40 A devices)
-25 °C to +55 °C (60 A — 170 A devices)

Air humidity

5% to 95%, non-condensing (1.5 A — 40 A units)
5% to 85 %, non-condensing (60 A — 170 A units)

Level of contamination

Contamination level 2 according to EN 60204 / EN 50178

Corrosion protection

Normally not required.
Under extreme operating conditions, special measures must be
agreed with the manufacturer, and implemented by the user.

Operating altitude

up to 1000 m above sea level without restrictions
60 A to 170 A devices — from 1000 m up to 3000 m above sea
level with power derating (1.5% per 100 m)

Permissible installation position

vertical

Ventilation

Total rated device current <3 A: free convection,
Total rated device current >3 A: built-in temperature-controlled fan

Protection class

P20

Vibration test (EN 60068-2-6)

Frequency range: 10 - 500 Hz
Amplitude: 10 - 58 Hz = 0.075mm pk-pk
59-500Hz=1g

Shock test (EN 60068-2-27)

Half sine wave amplitude: 5 g
Duration: 30 ms
Number of shocks: 3 per axis and direction (total 18)

Shock test (EN 60068-2-27)

Half sine wave amplitude: 5 g
Duration: 30 ms
Number of shocks: 1000 per axis and direction (total 6000)

EMC Category C3 - standard
Category C1, C2 - auxiliary filter required
Approvals CE

Special operating conditions

The usability of Beckhoff servo drives from the AX5000 series
under harsh operating conditions or other unfavorable conditions
must be ascertained individually in consultation between the
manufacturer and the user.
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7.2.2 Electrical data - servo drive (AX5101 - AX5140)

Single-phase connection

Technical data AX5101 AX5103 AX5106
Rated output current 1.5A 3A 45A
Minimum rated channel current at full current resolution 0.35A 1A 1A
Peak output current V 45A 75A 13A
Rated supply voltage 1 X 100_4g9, - 240,199, Vac

Max. DC link voltage 875 V¢

Rated apparent power S1 operation (selection)

120V 0.3 kVA 0.6 kVA 1.2 kVA
230V 0.6 kVA 1.2 kVA 2.4 kVA
Power loss ? 3B5W 50 W 85 W
Continuous braking power (internal brake resistor) 50 W 50 W 150 W
Max. braking power (internal brake resistor) 14 kW

Min. brake resistance (external brake resistor) 47 Q

Max. braking power (external brake resistor) 15 kKW

DC link capacity 235 uF

V1 for max. 7 s, by switching frequency of 8 kHz (IDN P-0-0001)

231 mode, including power supply unit, without brake chopper

Three-phase connection

Electrical data AX5101 |AX5103 | AX5106 AX5112| AX5118 | AX5125 | AX5140
Rated output current 15A 3A 6A 12A 18 A 25 A" 40 A
Minimum rated channel current at 0.35A 1A 1A 6 A 12 A 12 A 18 A
full current resolution

Peak output current ¥ 45A 75A 13A 26 A 36 A 50 A 80AY
Rated supply voltage 3 X 100.4190, - 480,109, Vac?

Max. DC link voltage 875 V¢

Rated apparent power S1 operation

(selection)

120V 0.3kVA | 0.6 kVA | 1.2 kVA | 25kVA | 3.4 kVA | 4.8 kVA | 8.3 kVA
230V 0.6 kVA | 1.2kVA |24 kVA |48 kVA | 7.2kVA| 10kVA | 16 kVA
400 V 1.0kVA | 2.1 kVA | 4.2 kVA | 8.3 kVA |12.5kVA | 17.3 kVA | 28 kVA
480 V 1.2kVA | 25kVA | 5.0kVA | 10 kVA | 15 kVA | 20.8 kVA | 33 kVA
Power loss © 35W 50 W 85W | 160W | 255 W | 340W | 510 W
Max. continuous braking power 50 W 50 W 150W | 90W | 200W | 200W | 150 W
(internal brake resistor)

Braking power (internal brake 14 kW 26 KW | 26 kKW | 26 kW
resistor)

Min. brake resistance (external 47 Q 47 Q 47 Q 30Q 220 22Q 2209
brake resistor)

Max. braking power (external 15 kW 15kW | 15 kW | 23.5kW | 32 kW 32 kW | 32 kW
brake resistor)

DC link capacity 235 uF 470 uF 1175 pF | 1485 pF

DecULus =24 A

2 cULus = AX5118 and AX5125 = 3 x 480 Ve + 10%

% | for max. 7 s, by switching frequency of 8 kHz (IDN P-0-0001)
4 | for max. 7 s, if rotary field frequency > 3 Hz at max. 40 °C

9 S1 mode, including power supply unit, without brake chopper

® Brake resistor < 22 Q —> Please consult our support
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7.2.3 Electrical data - servo drive (AX52xx)

Single-phase connection

Electrical data AX5201 AX5203 AX5206
Rated output current / channel 1.5A 3A 6 A
Minimum rated channel current at full current resolution 0.35A 1A 1A
Maximum rated channel current at full current resolution 3A 45A 9A
Total rated current with full current resolution 3A 4.5A 9A
Max. peak output current "/channel 5A 10A 13A
Peak output current Vtotal device current 10A 20 A 26 A

Rated supply voltage

1 X 100_10% - 240+10% VAC

Max. DC link voltage 875 Vpe

Rated apparent power S1 operation (selection)

120V 0.6 kVA 1.2 kVA 2.5 kVA
230V 1.2 kVA 2.4 kVA 4.8 kVA
Power loss ? 55 W 85 W 160 W
Max. continuous braking power (internal brake resistor) 50w 150 W 0w
Max. braking power (internal brake resistor) 14 kW

Min. brake resistance (external brake resistor) 47 Q

Max. braking power (external brake resistor) 15 kW

DC link capacity 235 uF 470 uF
VI for max. 7 s, by switching frequency of 8 kHz (IDN P-0-0001)

2S1 mode, including power supply unit, without brake chopper

Three-phase connection

Electrical data AX5201 AX5203 AX5206
Rated output current / channel 1.5A 3A 6 A
Minimum rated channel current at full current resolution 0.35A 1A 1A
Maximum rated channel current at full current resolution 3A 6 A 9A
Total rated current with full current resolution 3A 6 A 12 A
Max. peak output current (V/channel 5A 10 A 13A
Peak output current Vtotal device current 10A 20A 26 A

Rated supply voltage

3 x 10010, - 480,109, Viac

Max. DC link voltage 875 V¢

Rated apparent power S1 operation (selection)

120V 0.6 kVA 1.2 kVA 2.5 kVA
230V 1.2 kVA 2.4 kVA 4.8 kVA
400 V 2.1 kVA 4.2 kVA 8.3 kVA
480 V 2.5 kVA 5.0 kVA 10.0 kVA
Power loss @ 55 W 85 W 160 W
Max. continuous braking power (internal brake resistor) 50 W 150 W 90 W
Max. braking power (internal brake resistor) 14 kKW

Min. brake resistance (external brake resistor) 47 Q

Max. braking power (external brake resistor) 15 kW

DC link capacity 235 pF 470 uF

" |4 for max. 7 s, by switching frequency of 8 kHz (IDN P-0-0001)
231 mode, including power supply unit, without brake chopper
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7.2.4 Electrical data - servo drive (AX5160 - AX5193)

Electrical data AX5160 | AX5172 | AX5190 | AX5191 | AX5192 | AX5193
Rated output current” 60 A 72 A 90 A 110 A 143 A 170 A
Minimum rated motor current at 25A 40 A 50 A 60 A 70 A 80 A
full current resolution

Peak output current? 1202 A 1442 A 1802 A 1802 A 2152 A 2212 A
Rated supply voltage 3x 4005y, — 480,109, Vac

Max. DC link voltage 875 V¢

Rated apparent power S1 operation

(selection)

400 V 42kVA | 50kVA | 62kVA | 76 kVA | 99 kVA | 118 kVA
480 V 45kVA | 54 kVA | 67kVA | 82kVA | 107 kVA | 127 kVA
Power loss® 830 W 1010w | 1300W | 1600 W | 2100 W | 2500 W
Min. brake resistor 13Q 13Q 10Q 10 Q 6.5Q 6.5Q
(external brake resistor)

Max. braking power 52 kW 52 kW 67 kW 67 kW 103 kW | 103 kW
(external brake resistor)

Continuous braking power® 37 kW 52 kW 56 kW 65 kW 65 kW 65 kW
Mains chokes* AX2090-ND50 --- 0090 0110 0143 0170
Mains filters” AX2090-NF50 integrated | integrated| 0100 0150 0150 0180
DC link capacity 900 pF 1060 pyF | 2120 yF | 3180 yF | 4240 uF

With a rated supply voltage of 480 V, the rated current must be reduced by 10%.

The specified values apply for an initial rotational frequency > 3 Hz

2l for max. 3 s with a preload of max. 70% of the rated output current, a mains voltage of 400 V,; and a
switching frequency by 8 kHz (P-0-0001).
¥S1 mode, including power supply unit, without brake chopper
“Required for compliance with EN 61800-3 (EMC product standard) C3 (industrial environment) with max. 25

m motor cable length.

® Based on a mains voltage of 3 x 400 V,; and a frequency of 8 kHz.

[i]

Note

Derating and switching frequency of the servo drive!

For further information of the Derating and the switching frequency from the servo drive
AX5000, please look at the english version of the IDN-Description (P-0-0001 Switching fre-
quency of the IGBT module).

Servo Drives AX5000

Version: 2.4
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7.2.5 Mechanical data - servo drive (AX5101-AX5140)

Mechanical data AX5101 | AX5103 | AX5106 | AX5112| AX5118 | AX5125 | AX5140

Weight approx. 4 | approx. | approx. | approx. |approx. 11|approx. 11|approx. 13
kg 4 kg 5 kg 5kg kg kg kg

Width 92 mm 185 mm | 185 mm | 185 mm

Height without plugs 274 mm

Depth without connectors / 232 mm

accessories

7.2.6 Mechanical data - servo drive (AX52xx)

Mechanical data AX5201 AX5203 AX5206

Weight approx. 5 kg | approx. 6 kg | approx. 6 kg

Width 92 mm

Height without plugs 274 mm

Depth without connectors / accessories 232 mm

7.2.7 Mechanical data - servo drive (AX5160 - AX5193)

Mechanical data AX5160 AX5172 AX5190 AX5191 AX5192 AX5193

Weight approx. 14 | approx. 14 | approx. 31 | approx. 31 | approx. 38 | approx. 38
kg kg kg kg kg kg

Width 190 mm 283 mm 283 mm

Height without plugs 345 mm 540 mm

Depth without connectors / 259 mm 253 mm 334 mm

accessories
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7.3 Dimensions

7.3.1 AX5000 as single device (1.5A -40 A)

All dimensions in millimeters.

AX5118 / AX5125 / AX5140 AX5101-AX5112 / AX5201-AX5206
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AX5000 without AX-Bridge AX5000 with AX-Bridge
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285,1

232.3 277.6 |

Servo Drives AX5000 Version: 2.4 37



Technical description

BECKHOFF

7.3.2

AX5000 as single device (60 A -170 A)

The specified measurements relate to the actual device, without connectors and cables.

AX5160, AX5172, AX5190, AX5191, AX5192, AX5193
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AX A B C Cc1 D[mm]| H HA1 H2 T Fastening screws
[mm] | [mm] | [mm] | [mm] [mm] | [mm] [mm] | [mm]
5160 | 158 190 380 8 6.5 345 398 16.5 259 4 x M5
5172 | 158 190 380 8 6.5 345 398 16.5 259 4 x M5
5190 | 200 280 582 10 9 540 603 10 254 4 x M8
5191 | 200 280 582 10 9 540 603 10 254 4 x M8
5192 | 200 280 575 10 9 540 600 20 335 4 x M8
5193 | 200 280 575 10 9 540 600 20 335 4 x M8
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7.4 Properties

» High-speed EtherCAT system communication

» Wide voltage range: 1 x 100_40, Vac - 1 X 240,49, Vac --. 3 X 100405,V ac - 3 X 480,109, Vac

* Multi-feedback interface

+ flexible motor type selection

+ scalable wide range motor current measurement

» High-speed capture inputs

» Diagnostic and parameter display

* integrated mains filter

» Optional safety functions: restart lock, intelligent TWinSAFE safety functions

» compact design for simple control cabinet installation

» AX-Bridge - the quick connection system for power supply, DC link and control voltage
The integrated, fast AX5000 control technology with a current control cycle of up to 62.5 ps supports fast and
highly dynamic positioning tasks. The drives are designed as single- or two-channel servo drives:

+ AX51xx: single-channel servo drive
rated motor current: 1 A, 3A,6 A, 12A, 18 A, 25 A, 40 A, 60 A, 72 A, 90 A, 110 A, 143 A, 170 A

* AX52xx: two-channel servo drive
rated motor current: 2 x 1 A, 2 x 3 A, 2 x 6 A (with flexible allocation of total device current on both
axes)

The 2-channel servo drives with variable motor output allocation enable operation of two motors with
identical or even with different capacity on a single servo drive. For example, an asynchronous motor with a
rated current of 1 A and a linear motor with a rated current of 9 A can be operated with a servo drive with two
6 A channels. The total current is relevant for the device utilization.

The AX Bridge (only up to AX5140) enables convenient and fast connection of several servo drives of the
AX5000 series to form a drive system. This pluggable supply and connection module combines power
supply, DC link and control voltage (24 V,c) and enables fast installation and commissioning.

The AX5000 offers flexible and universal connection options. It supports

+ almost all feedback systems, including robust resolvers via OCT, sine/cosine encoders with EnDat,
Hiperface or BiSS.

« a wide range of motor types such as asynchronous, synchronous, torque or linear motors.

7.5 Wide voltage range

In order to facilitate worldwide application with different voltage systems, the AX5000 features a wide voltage
range. Virtually any voltage system can be connected with one and the same device, from 1 x 100 V¢ - 1 x
240 V¢ 10 3 x 100 V¢ - 3 x 480 V. This reduces stock-keeping and prevents destruction through
unsuitable mains voltage. Examples for different mains systems:

* 1x100 V,, 3 x 200 V, for Asia

e 1x115V,¢, 3x230 V., 3 x480 V, for North America
* 1x220V,c, 3 x 380V, for China

* 1x230 Vpe, 3 x400 V, for Europe
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7.6 Variable motor interface

The AX5000 supports the connection of different motor types, ranging from standard asynchronous motors
to ironless linear motors:

Motor type Operation mode and limits
Brushless synchronous motors « Servo mode with feedback
Torque motors * Multipole servomotors with high torque and
relatively low speed
Linear motors (iron core) » Servo mode with feedback
Linear motors (ironless) « Servo mode with feedback
Asynchronous motor » Frequency converter mode without feedback
» High-frequency spindle up to 60,000 rpm
(only for devices of the AX5xxx-0000-x21x
series "Dual Use [P 12]")
» Servo mode with feedback

7.7 Multi-feedback interface

AX5000 offers interfaces for all common feedback systems. No additional interface cards are required.

Connection options:
* OCT One cable feedback system
+ Sine/ cosine 1V,
* EnDAT, single- and multi-turn
» Hiperface, single- and multi-turn
» BiSS, single- and multi-turn
* Resolver, 2-pin - 8-pin
» Support for electronic motor name plates
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8 Mechanical installation

Caution - Risk of injury!
» The servo drives may only be installed by trained, qualified personnel. The qualified

personnel must know and comply with the national accident prevention regulations.

WARNING | | Safety boots must be worn.

Caution - Risk of injury through electric shock!
De-energize all electrical components (servo drive, control cabinet, etc.) before commenc-

ing the installation or deinstallation.

WARNING
' Destruction of the servo drive!
° » Always install the servo drive vertically.
Attention » Provide adequate ventilation for the servo drive. The permissible ambient conditions

are specified in the chapter "Technical data".

* It is essential to adhere to the required distances (see diagrams below).

8.1 Installation examples (1.5 A - 40 A devices)

AX5000 without AX-Bridge AX5000 with AX-Bridge
N Cable duct N N Cable duct i
@ 93 8 2 93 S
a1 8 : :
e ON £ ON £
@ ©) Q) @) © £ @ [ Q) A OO
= ] P
08 © ©
o] o o =1l ] [¢] o] o
i A i s Al IEli=
o« O = [ = N =
": 8 o ) ": % S
o « % % »l & e
= a = ) =i
Ho Be 5 5
Lo | Lo | 5 s
. . = e
o @ =) L)
® ®
i s = e
] ] = e
o allln_o AN s o N 8
o LLJ < o J
92 = =
N Cable duct N N Cable duct
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AX5118 / AX5125 / AX5140 without AX-Bridge

AX5118 / AX5125 / AX5140 with AX-Bridge

N © - Cable duct N N - - Cable duct N
g8 1 [ = 186 8 Fes i 16 g
f sf.__fg < [ 50 e £
(8] perrad| [B][0] [° ° [[[OI ¢ (5] petedl [ Bl0] [° °[ILON £
H| =2 H| =2 1| === 1| =2
L © Ll © Ll © Ll ©
- SO = a0 — O — S0
5 & m : u % 5 & u I§ § g%
= (B — ||He =
al: - S EE :
N B [ ar e e
H @ H @ s H : ’-E : 5
ml= | g ] ol e o 2
1] = 1] = < H = “ i <
5 o allln o N 88 s 5N s 8lg
d 153 ge d L—st cls
185 S = @ 185 S|=
N Cable duct N Cable duct N
AX5000 >25
Y >277,6 T‘
Control cabinet door ~ Mounting plate
contuctible (zinced)
AN
277,6
(Incl. plug and cable for feedback) ]
o
=y
j AX5000
N T T— \L
Caution - Risk of injury through electric shock!
The mounting plate must be earthed according to the statutory regulations.
WARNING
' Earthing!
° Non-compliant earthing of the AX5000 can cause EMC problems.
Attention
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8.2 Installation examples (60 A - 170 A devices)

~
Cabke duct
L
Zﬂ‘] ) B Q]
% & = 1% & ‘
1P B al T é g
1 I O |
o o [} o
g Al 5= pi= 1 IEf=
] i ] 1
L Al . L AN
— H — o
— ° — o
= =
- I
Q Q
N Al A
w E E E
Cable duct
AX F [mm] E [mm]
5160 and 5172 =180 20
5190 and 5191 =180 40
5192 and 5193 =180 40
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Installation in the control cabinet

>2.5 >2,5 ‘
M G Y M G
g Control cabinet door Mounting plate Control cabinet door Mounting plate
contuctible (zinced) contuctible (zinced)
N
|SE; =
O ) O ) ~
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] g
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o
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o
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EE 2 == 2
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Shroud” W [ Shroud XL\A [ﬁ
(optional) (optional)
= AX5160 - AX5172 N = AX5190 - AX5193 N
AX G [mm] M [mm] H3 [mm]
5160 and 5172 =300 4 x M5 445
5190 and 5191 =300 4 x M8 640
5192 and 5193 =500 4 x M8 640

WARNING

Caution - Risk of injury through electric shock!

The mounting plate must be earthed according to the statutory regulations. Non-compliant
earthing of the AX5000 can cause EMC problems.

Installation of the shield (optional)

AX5160 and AX5172

Preparing for installation

Shroud mounting

1.) The threaded holes (1) for
mounting of the shroud, are in
the delivery state of the servo
drive AX5160 / AX5172, not fit-
ted with screws.

Check before mounting the
shroud, if the threaded holes are
free of Dirt.

i |

P

2.) Position the shroud.

3.) Mounted the shroud with the
screws (2). Use for mounting
only the screws of the shroud
set. The screws are included in
the shroud set.

4.) Connect the wires to the ter-
minals provided. Attach the
shield by the tabs.

Shroud set for AX5160 and AX5172 consisting of shroud and mounting screws (2 x M4 x 10).
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Mechanical installation

AX5190 and AX5191

Preparing for installation

Shroud mounting

1.) Remove the 2 pre-mounted
screws.

2.) Position the shroud.

3.) Mounted the shroud with the

screws (2). Use for mounting
only the screws of the shroud
set. The screws are included in

! |the shroud set.

4.) Connect the wires to the ter-
minals provided. Attach the
shield by the tabs.

Shroud set for AX5190 and AX5191 consisting of shroud and mounting screws (2 x M4 x 10).

AX5192 and AX5193

Preparing for installation

Shroud mounting

1.) Remove the 2 pre-mounted

| |SCrews.

|
|

2.) Position the shroud.

3.) Mounted the shroud with the
screws (2). Use for mounting
only the screws of the shroud
set. The screws are included in
the shroud set.

" |4.) Connect the wires to the ter-
- |minals provided. Attach the

shield by the tabs.

Shroud set for AX5192 and AX5193 consisting of shroud and mounting screws (2 x M4 x 10).

Servo Drives AX5000
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9 Electrical installation

UL approval

If you intend to operate an AX5000 in a region that requires UL approval, please refer to
the chapter "Guidelines and Standards".

P>

WARNING

Caution - Risk of injury!

» The servo drives may only be installed by trained, qualified personnel. The qualified
personnel must know and comply with the national accident prevention regulations.

» Safety boots must be worn.

>

WARNING

Caution — Risk of injury through electric shock!

De-energize all electrical components (servo drive, control cabinet, etc.) before commenc-
ing the installation or deinstallation.

Serious risk of injury through electric shock!

Due to the DC link capacitors dangerous voltage may persist at the DC link contacts "X02"
after the servo drive has been disconnected from the mains supply. Wait 5 minutes after
disconnection and measure the voltage on the DC link contacts DC+ and DC-. The device
is safe once the voltage has fallen below 50 V.

o
>
=z
@
m
P

WARNING

Caution — Risk of injury through electric shock!

 Before installation, wiring and commissioning it is essential to read the section on
"Safety".

 Before installing, uninstalling or connecting the servo drive and the motors please note
the following: - Remove all relevant mains fuses. - Switch off the main system switch
and secure it with a lock. - Put up a warning sign.

» The control and power connections for the motors may be live, even if the motor is pre-
vented from rotating by the internal brake.

>

CAUTION

Destruction of the AX5000!
» Check the rated voltage and current of the servo drive and the connected motors.

» Once the AX5000 has been disconnected from the mains supply, (emergency off,
mains contactor etc.), wait at least 3 minutes before switching it on again or query the
status of IDN "P-0-0205" (see "IDN description" in the documentation).
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Electrical installation

9.1 Connection of several servo drives to form a drive
system

Destruction of the equipment!

» The connection sequence of the devices is not arbitrary. The total rated current of the
device must decrease from the power supply. AX5112-AX5106-AX5203-AX5201 = OK

Attention AX5201-AX5112-AX5203 # OK
« All devices in a drive system are always to be disconnected from and reconnected to
the mains supply together (emergency stop, mains contactor etc.).
Danger for persons and equipment
Note the total rated current of the connected devices. According to CE, the current carrying
capacity of the power busbars of the AX Bridge is limited to 85 A.
CAUTION
' Destruction of the external brake resistor!
° An external brake resistor may not be connected to the X02 terminal point (DC link) in a
drive system. Use an external brake module AX5021 for this.
Attention
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9.1.1

the current carrying capacity of the power busbars of the AX Bridge is limited to 85 A.

Connection example - module AX5901 and AX5911 (AX Bridge)

This connection option enables a safe system to be set up very quickly. The modules are attached to plug
contacts X01, X02 and X03, the relevant slides are pushed to the left and screwed tight. According to CE,

A

CAUTION

Risk of injury due to electric shock!

Move all busbar sliders to the left limit stop in order to ensure full current carrying capacity.
Then tighten all screws with a torque of 2.2 Nm.

A

CAUTION

Personal injuries!

Please ensure that the connection line for the AX5901 supply module is adequately dimen-
sioned. The dimensioning depends on the total rated current and must comply with
EN60204-1. A 3-phase connection must be used if the total rated current exceeds 9 A.

‘ &AX52XéQ ‘ 6AX51XéQ ‘ 6AX52Xé& ‘ @AX52X

(@ (@
@) ® @) @
K[ Clfio | Sk Clfn | S0 | S Clio
U, —— Je [l & ol o s o @f
u, 5= e e e e e e
GND e e el]l s e e e
AT e 9 B 9 e 9 e
O e e e e e e e
L1 e 2 e 2 e 2 e
L2 HH e| |e| |e e | |e e | |e
L3/N HH e e e e e e e
PE ’ oL, e e B ) S e e
P U P U P g P J
AX5901 AX5911 AX5911 AX5911
AX5901 (AX520x and AX5101 - AX5125)
Terminal points |Conductor design Max. conductor cross- |Tightening torque
section
L1-L3, PE solid wire 10 mm?, AWG 7 2.2 Nm
stranded wire with ferrule 16 mm?, AWG 5 2.2 Nm
stranded- / multi-wire 25 mm?, AWG 3 2.2 Nm
AX5902 (AX5140)
Terminal points |Conductor design Max. conductor cross- |Tightening torque
section
L1-L3, PE solid wire 16 mm?, AWG 5 3.2+ 0.8 Nm
stranded wire with ferrule 16 mm?, AWG 5 3.2+ 0.8 Nm
stranded- / multi-wire 25 mm?, AWG 3 3.2+0.8 Nm
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9.1.2 Connection example - wiring in series without AX bridge

Wire the relevant connections using individual cables.

Damage to persons and devices!
* Please ensure that the final supply network connection cable is adequately dimen-

sioned. The dimensioning depends on the total current and must comply with
CAUTION EN60204-1.

» To establish a DC link system wire the X02 connections with a suitable cable. Voltages
up to 890 V may be present.

» The connectors are designed for a maximum current of 41 A and a maximum conductor
cross-section of 6 mm?2.

» Avoid phase reversal between the devices!

‘ &AX52X$ ‘ 6Ax51x%& ‘ 6AX52X$ ‘ 6AX52XX

@) (@ @)

S0 | S0 | SO0 | ST

cCC
o

881 |

8]

GND

o o
Lewel
Ledol
[o
O[,J[,,]o
Q0
(ele}
o+
|o

L1 4
L2 —
L3/N =

g A

111
o]
IIT8
OLJE_][_]@[,JO

—

No UL drive system!

The following figure shows an AX wiring in series configuration without AX Bridge. To con-

figure a UL drive system, please refer to the information in chapter 9.1.3 "UL drive system —
Note configuration example".
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9.1.3

Connection example — DC link group (60 A to 170 A devices)

This connection technique enables you to establish a DC link group for servo drives from the series AX5160
to AX5193

The following illustration shows a possible configuration example.

K,

- L,
L —f—F — -
L—f—FJ— —
— -~ -
PE [

Key to picture:

Mains fuses = UL fuse (480 V,¢)

DC link fuses (DC fuses) = UL fuse (700 V, / 800 V)
e.g. ferrule FWP from Cooper-Bussmann

Common mains contactor
Mains choke
Mains filter (optional)

FO-n
FDC‘I-DCn
Ko

Lo
Z1-n

s e

=

i e

PE L,L,L, zk.zK
Ax51xx

PE L,L,L, zk zk
Ax51xx
PE UVW

PE L,L,L;, zx.zk
Ax51xx
PE UVW

PE UVW

Drive system with UL approval!

Before implementation a DC link group, please contact your UL approval body and discuss
further necessary boundary conditions.

Dimensioning of the UL fuses Fy.-Fp,

The dimensioning of the fusesFy,to Fpc,in the DC link is application-dependent. The motor and the load
profile are incorporated directly into the calculation. Please consider this when dimensioning.

Fuse holders with UL approval
Note when using UL fuses that the necessary fuse holders also have to carry UL approval.
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Mains choke

To ensure balancing of all servo drives, a common mains choke (L,) must be provided. The rated current of
the mains choke must be = the rated current of the common mains fuse (F,) of the drive system (see section
"Mains fuse"). The short-circuit voltage U, of the mains choke must be 2%

Dimensioning the mains fuse

The following section describes the dimensioning of the mains fuse to be used for individual devices and the
use of mains fuses in the DC link group.

Series AX5160 to AX5193 (60 A to 170 A):
Individual device:

* The main fuse must be dimensioned such that it corresponds to the rated current of the servo drive
multiplied by the correction factor 1.1. The value determined is rounded up to the next larger standard
step (see section Electrical Data [P_35]). If the size of the current (in your application) on the mains side
is known, the mains fuse can also be dimensioned smaller in accordance.

» The cross-section of the mains supply cable must be dimensioned such that the permissible current
load of the cable is = the rated current of the selected mains fuse (see section Motors and Cables

[»_105]).
DC link group:

» The common main fuse (F,) must be dimensioned such that it corresponds to the sum of all the rated
currents of the servo drives multiplied by the correction factor 1.1. The value determined is rounded up
to the next larger standard step (see section dimensioning example). If the size of the current (in your
application) on the mains side is known, the mains fuse (F,) can also be dimensioned smaller in
accordance.

» The cross-section of the mains supply cable must be dimensioned such that the permissible current
load of the cable is = the rated current of the selected mains fuse.

» The cross-section of the mains supply cable and the mains fuses (F, to F,) of the individual servo
drives in the DC link group are to be selected analogously to the operation of the individual servo
drives (see section "Individual devices").

The local regulations and the local conditions (ambient temperature, cable routing, etc.) must be referred to
when determining the permissible current load of the cables (selection of the necessary cross-section — see
section Motors and Cables [P _105]).

Dimensioning example:

1xAX5172 + 2xAX5192 + 1xAX5193
72 A + 286 A + 170 A =528 Ax1.1=581A 630 A selected
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Mains switch-on conditions:

The mains must be switched through to all servo drives simultaneously. Therefore, use a common mains
contactor (K,) for all servo drives. The phase error detection (grid monitoring) of the servo drives must be
active. Observe the relevant parameterization for this (P-0-0204 Disable U,,,,, monitoring and U, phase
error detection).

Parameterization P-0-0204:

The default values of the parameter P-0-0204 (Power management control word) are set to:
« Disable U, monitoring = 0 and
* U,..n phase error detection = 1.

In the DC link group the default values of the parameter P-0-0204 are to be checked before commissioning
and set to the above values if discrepancies are found.

Parameterization P-0-0214:

To parameterize an AX5160 to AX5193 DC link group, the following settings must be made in parameter
P-0-0214 (DC link connection mode):

e The value 0x000A sets the servo drives AX5160 to AX5193 to stand-alone mode
» The value 0x000B sets the servo drives AX5160 to AX5193 to DC link group mode

The external brake resistor is activated in both cases.

Mains filter:

If mains filters are used, a separate mains filter must be used for each servo drive. The mains filter must be
positioned as close to the servo drive as possible. Use short cables without loops.

A suitable shield connection is ensured by adhering to the following points:

« The mounting plate must not be painted. The shield is automatically connected via the mounting plate.

+ If the mounting plate is painted, the shield must be connected via the underside of the servo drive
(earthing bolt).

Max. cable sizes accepted by the connecting terminals:

The maximum cable cross-sections are dictated by the maximum cable sizes that can be accepted by the
connecting terminals on the servo drive (see table below):

Device type Mains terminal Motor terminal DC link terminal R, terminal
min. max. min. max. min. max. min. max.
[mm2/AWG] | [mm?/ AWG] | [mm?/ AWG] | [mm?/ AWG] | [mm?/ AWG] | [mm?/ AWG] | [mm?/ AWG] | [mm?/ AWG]

AX5160 4/12 35/2 4/12 35/2 4/12 35/2 4/12 35/2
AX5172 4/12 35/2 4/12 35/2 4/12 35/2 4/12 35/2
AX5190 25/4 95/2/0 35/2 95/ 3/0 25/6 50/ 2/0 25/6 50/2/0
AX5191 25/4 95/2/0 35/2 95/3/0 25/6 50/2/0 25/6 50/2/0
AX5192 25/4 95/2/0 150/ 300 150 /300 25/6 50/2/0
AX5193 25174 95/2/0 150 /300 150 /300 25/6 50/2/0
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Dimensioning of the brake resistors for operation in the DC link group:

In individual braking situations the energy balance in the DC link group can be generative. Servo drives from
the series AX5160 to AX5193 have no internal brake resistor. External brake resistors must be used to
dissipate the energy generated. The brake resistor must always be connected to the connector provided on

the servo drive.
Under the following conditions it is possible to dispense with one or more brake resistors:
» the remaining brake resistors must be able to handle the continuous power
+ the remaining brake resistors must be able to handle the short-term power
« the ohmic value of the brake resistor for each servo drive must not be lower than the minimum
permissible value.

Part of the brake energy is also stored in the DC link, independent of the brake resistor. The more servo
drives there are in the DC link group, the larger the storage capacity. It is therefore possible to store more
energy.

The following must be considered when dimensioning the brake resistors:

« The external brake resistor must have an ohmic value that is at least as large as the minimum value
permitted by the servo drive.

Servo Drives AX5160 | AX5172 | AX5190 | AX5191 @ AX5192 | AX5193

Min. brake resistor 130 130 10Q 10 Q 6.50 6.50
(external brake resistor)

« The peak braking power of the DC link group is given by the sum of the peak braking powers of all the
brake resistors in the DC link group:

P‘Jmf;_!fr_!)(.‘ = P-Jh,.,.';_,r“ + P . + ... + P

i i peak_R2 peak_Rn

« The continuous braking power is derived from the calculation of the effective braking power:

P cff_Br_DC — P eff Rl T P eff_R2 + ...+ Pﬁ

Ff_Rn

where:
Ppeak B pc is the peak braking power of the entire DC link group and
Pett 8 pc is the effective braking power of the entire group

DC link group with other AX5000 servo drives:

m No DC link group permissible with devices for 1.5 A to 40 A!

Servo drives from the series AX5101 to AX5140 are excluded from the DC link group with
servo drives from the series AX5160 to AX5193 and may NOT be connected to one an-
Note other! The DC link group described here is permissible only for AX5160 to AX5193 servo
drives!
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9.1.4 UL drive system - configuration example

Drive system with UL approval!

The following illustration shows a possible configuration example. Before implementation,
please contact your UL approval body and discuss further necessary boundary conditions.

z
occ

‘& AXSZXXQ ‘ ‘{}AXS'IXXQ ‘ ‘&Axszxe ‘
© O @ ©) @) O @) O @ ©)
® ® ®

|| H
S PEeEES]

\
S PEeEES]

PE
L3/N
L2
L1

Legend:
1 = UL fuse (480 VAC)
2 = UL fuse (700 VAC / 800 VDC) e.g. Ferrule FWP from Cooper-Bussmann

Fuse holders with UL approval
Note when using UL fuses that the necessary fuse holders also have to carry UL approval.
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9.2

Connection example AX5101 - AX5112 and AX520x

AX5101 - AX5112 - AX520x

Optional: Slot for safety card
Optional: Slot for expansion

Output voltage (U, 24V +)

Incoming EtherCAT line

I Outgoing EtherCAT line

10
Output voltage GND (- i
P 9 ©) — Optional: Second power supply
Input 7 or output (U, 24 V. +) 5 U+
_________________ N T S—
o
Break e pes <1 | oND
‘resistor O 5
:(optional) o
: F 2|®
DL o
: EMC-Filter (C2) . i
(ophonal)\ Power supply
Qg ,,,,,,, ‘ 5 +24V DC
e S
— — x
Main chokes ©
(optional) ~__
u
\Y
\ \ \ W
N T
PE
L1 L1213 u T-/OCT
vV T+/OCT
W
FullFulFull Motor choke PE
(optional)
D PE
L3
L2
L1

Servo Drives AX5000
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9.3 Connection example AX5118 - AX5125 and AX5140

AX5118, AX5125, AX5140 Optional: Slot for safety card
Optional: Slot for expansion

cards
X3x

X4x,

-
Output voltage
(U, 24 V. +) Incoming EtherCAT line
Output voltage GND (-)
- Outgoing EtherCAT line
Input 7 or output Optional: Second power
(U, 24 V. +) supply
................. o U+
Break ]
! resistor DC* 8 U+
. (optional) o X GND
H o @]
E - De=rt, | |R|@
5AX5118 : EMC-Filter |_| "[L©
[AX5125 (C2) | -
(optional) | Power supply
+24V DC
_— 5
= O]
o
X
] 0
=g S —x14] |
N7
\%
W —=T-/0CT
F——+—+—— PE T+/0CT Foi FrolFrol PE
PE
3 B- 001
B+ Brake management
E F E rake manageme
”*H ”2} ”ﬂ Only AX5140
PE In case of an optinal,
i | break
L1 L2|L3|PE  Motor choke %4‘ +RB— f;‘s?sft';? rem ‘e
(optional) +RB,, | the bridge!
-RB
@ PE
L3
L2
L1
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9.4 Connection example AX5160 - AX5172

AX5160, AX5172

BECKHOFFEmmst:
Phons 48 24019850

o Mo:_ 1900000
T T

ot g v

Iphane a0 VA

T T T —
1xe0A e

EMC-Filter

Cc2 -
Eopt)ional)\ :

Output voltage
(U, 24 V. +)

Output voltage
GND (-)

i

Input 7 or output
(U, 24V +)

Main chokes

(optonal) ~__ ) )

L1|L2| L3|PE

Optional: Slot for safety card

Optional: Slot for expansion
cards

Incoming EtherCAT line

| Outgoing EtherCAT line

Optional: Second power supply

O X03 ©

=<

o < C
e=

Channel A

Motor

External
brake resistor
(optional)

RB+

RB-

@PE

L3

L2

L1

Servo Drives AX5000
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9.5 Connection example AX5190 - AX5191

AX5190, AX5191

EMC-Filter
(C2)
(optional)

f X01 X01 X01
3 ?

2 i \d

2 ] i 9

7 IR

Sin/Cos
Encoder

BFECELAETFTIR

Output voltage
(U, 24 Vyet)

Output voltage
GND (-)

Input 7 or output
(U, 24 Ve +)

Main chokes
(optional)

.

PE

Resolver

G 4
X3x|X4)§J
i3 cerw: e ke

< v
miEYE
i

Optional: Slot for safety card

Optional: Slot for expansion
cards

Incoming EtherCAT line

Outgoing EtherCAT line

Optional: Second power supply

U+

X13/X07 ¢

[ BESEIECI:
N

T
mC<§

Motor I
Channel A #—

H— T

H— T+

——PE
| B-
B+

External

brake resistor

(optional)

@D PE

L3
L2

L1
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9.6 Connection example AX5192 - AX5193

AX5192, AX5193

Optional: Slot for safety card
X01 X01 X01 X01 Optional: Slot for expansion cards
|
I |
A ATl |
EMC-Filter =
(C2) -
(optional) ]
) 10 ) © Incoming EtherCAT line
Sin/Cos =
Encoder — Outgoing EtherCAT line
ors T w]o
= e e |Id Optional: Second power supply
= jim]
= U+
[+) P
Resolver = - Ut
Output voltage = 54 GND |
(U, 24 Vo +) o
= ®
— + -
Output voltage Power supply]
GND (-) = +24 V DC
=
Input 7 or output L ®
(U, 24 Vo +) m
L

Main chokes
(optional)

. R ==—
X14

H— T

[—PE
E S l __ B-
B+

w
Vv T+
U
P

Motor
Channel A

External
brake resistor
(optional)

RB+
RB-

PE| L1 L2| L3

@ PE
L3
L2

L1
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9.7 Power supply (1.5 A - 40 A devices)

P>

Caution - Risk of injury!

The electrical installation must be carried out by a qualified electrician. Before installing and
commissioning AX5000 servo drives please read the safety notes in the foreword of this

WARNING | documentation.
' Destruction of the AX5000!
. The connection sequence of the devices is not arbitrary. The total rated current of the de-
vice must decrease from the power supply. The order "AX5112-AX5106-AX5201-AX5103"
Attention

is correct; the order "AX5201-AX5112-AX5203" is wrong.

>

CAUTION

Personal injuries!

Note the total current of the connected devices. According to CE the current carrying ca-
pacity of power busbars is limited to 85 A.

>

CAUTION

Personal injuries!

Please ensure that the connection line for the AX5901 supply module is adequately dimen-
sioned. The dimensioning depends on the total rated current and must comply with EN
60204-1. The connector plugs are designed for a maximum conductor cross-section of 25
mm?Z. A 3-phase connection must be used if the total rated current exceeds 9 A.

>

CAUTION

Personal injuries!

To set up a drive system without AX5901 supply module and AX bridge please note the fol-
lowing: The connector plugs of the wide voltage input are designed for a maximum current
of 41 A and a maximum conductor cross-section of 6 mm?. The cable configuration must
comply with the requirements specified in DIN VDE 0298 Part 4 / 2003-08 and EN 60204-1.
Avoid phase reversal between the devices!

9.71 X01: Main supply connection

UL Listing

It is essential to observe chapter "Guidelines and Standards" if you wish to operate an
AX5000 in an economic area that requires a UL-Listing.

Voltage systems ranging from single-phase 100 V. to three-phase 480 V,. can be connected to the wide
voltage input of the AX5000 . In single-phase systems the mains phase is connected to terminal point L1 and
the neutral conductor to terminal point L3/N.

Terminal point Connection Tightening torque
3-phase 1-phase
L1 Phase L1 Phase L1
L2 Phase L2 not used
0,5-0,6 Nm
L3/ N Phase L3 Neutral conductor
PE Protective conductor |Protective conductor

60
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Connection to the standard mains supply (TT / TN) with earthed centre

Single phase 100 _qq, .- 240 .49, Vac, 50/60 Hz Three phase 100 _,o9, .- 480 ,1g9, Vac, 50/60 Hz
u u
o AX5000 AX5000

|||—T;||"E
III—T;WE 5

Connection to a IT-mains supply (100 - 240 V) without isolating transformer

' EMC Act in europe!
. Due to electromagnetic emission, in Europe the AX5000 must be operated in conjunction
with an isolating transformer
Attention
L1 L1 u

AX5000 _AX5000 AX5000

lII—Tm B9k
III—TJI E9R

Connection to other mains types (100 - 240 V) without isolating transformer

l}—TJEE
i}—iilcli
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Connection to other mains types (100 - 480 V) with isolating transformer

Attention

Destruction of the AX5000!

For asymmetrically earthed or non-earthed 100...480 V mains an isolating transformer must
be used.

100 - 480 V Isolating transformer 240 - 480 V Isolating transformer
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9.7.2 Fuse protection

External protection, CE-compliant

. Fire hazard due to overload of the connection cable!

 The following data refer to stand-alone devices. Please note the total current of all con-
nected devices in a multi-axis system.

WARNING » The recommended fuses are designed for line protection. The servo drives feature inte-
grated self-protection.
Single-phase:
AX5101 AX5103 AX5106 AX5201 AX5203 AX5206
AC supply *) 10 AT 10 AT 16 AT 10 AT 16 AT 20 AT
24\ supply 5AT
Brake resistor electronic

*) Application class "gG" mains fuses according to IEC 60269 or "C" type automatic circuit-breakers must be
used.

Three-phase:

AX5101 | AX5103 | AX5106 | AX5112 | AX5118 | AX5125 | AX5140 | AX5201 | AX5203 | AX5206
AC supply *) 6 AT 6 AT 10 AT 20 AT 35 AT 35 AT 50 AT 10 AT 10 AT 20 AT
24V supply 5AT
Brake resistor electronic

*) Application class "gG / gL" mains fuses according to IEC 60269 or "C" type automatic circuit-breakers
must be used.

Internal protection, CE-compliant

Circuit Fuse
24 V system voltage 3.4 AF
24 V peripheral voltage electronic
Brake resistor electronic
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External protection, UL-compliant

The integrated protection against short circuit is no substitute for the external mains protection. The mains
protection must comply with the manufacturer's specification and the national and international regulations

and laws.

Can be used in power supply systems with a maximum current carrying capacity of 18000 A at 480 V.

Single-phase:
AX5101 AX5103 AX5106 AX5201 AX5203 AX5206

AC supply (max.) *) 6A 12 A 20 A 12 A 20A 20A
24\ supply (max.) 3A
Brake resistor electronic
*) UL-approved mains fuses of class "RK5" must be used.
Three-phase:

AX5101 AX5103 AX5106 AX5112 AX5201 AX5203 AX5206
AC supply (max.) *) 6A 12A 20 A 12A 20 A 20 A
24 V supply (max.) 3A
Brake resistor electronic

*) UL-approved mains fuses of class "RK5" must be used.

AX5112!

Protection through UL-approved fuses of class "RK5" with a rated current of 20 A and 480
V min.

Internal protection, UL-compliant

Circuit Fuse
24 V system voltage 3.4 AF
24 V peripheral voltage electronic
Brake resistor electronic

External drive system protection

Rule of thumb:

Sample:

Determine the total rated device currents, multiply with the correction factor
and round up to the next higher standard level.

1 x AX5103 + 2 x AX5201 + 2 x AX5203
3A+6A+12A=21x1.1=23.1 A-->selected 25 A

Special requirements for a drive system

Please consult our Application Department with respect to the special requirements for a
drive system with UL approval.

Residual current circuit breaker

Servo drives with built-in mains filters generate a small leakage current (fault current) due to the capacitors in
the filter. This fault current is responsible for malfunctions in standard residual current circuit breakers. For
this reason so-called AC/DC sensitive residual current circuit breakers must be used, which also take into
account DC currents.
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9.7.3

X02: DC Link (AX5101 - AX5125 und AX520x)

DC link coupling or external brake resistor is possible via terminal X2.

Terminal point Connection Tightening torque
DC+ DC link +

External brake 0,5-0,6 Nm
DC- DC link - resistor

9.74

X02: DC Link (only AX5140)

Via terminal X2 a DC link coupling can be configured. Don’t connect a brake resistor under circumstances!

Terminal point Connection
DC+ DC link +
DC- DC link -

WARNING

Serious risk of injury through high electrical voltage!

890 V DC voltage at the DC link terminals X02. Once the device has been switched off

dangerous voltage will still be present for a further 5 minutes. Only remove the connector if
you wish to configure a drive system with the AX bridge. Only remove the white hexagonal
plug if the terminal points are to be rewired.

Servo Drives AX5000

Version: 2.4
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9.7.5

System and peripheral voltage for the servo drive is supplied via connector X3. The supply is based on two
channels in order to offer an option to separate between motor stopping brakes and control electronics.

X03: 24 VDC supply

A

Safe operation!

The voltage tolerances must be taken into account when connecting motors with stopping

brake.
CAUTION

Terminal Connection Current consump- |Tightening torque

point tion

Up 24 Ve +10% (depending on the | DEPENING ON the
motor holding brake) ~ connected
peripheral voltage consumers (see X06
(e.g. separate brake |and X14, X24) 0.5-0.6 Nm
supply)

Us 24 NV pc150 + 200% - -12A=04A-08A
system supply 18A-25A=11A
voltage 40A=16A

GND GND

Connection to the standard mains supply 24 V,. (X03)

The 24 VDC connection "X03" is used for supplying the control electronics and periphery with DC voltage.
The control electronics and the periphery can be supplied separately with two different voltage sources.

[i]

Note

If one power supply unit is used for the 24 VDC power supply, the connections US and UP
must be bridged, in order to ensure that both the control electronics and the periphery are
supplied.

Supply via one or two power supply units

DC AX 5000 DC
L1 24V + Up L1 24V +
L2 Us L2 —
L3 X03 3
e ) GND PE___ | U,| AX5000
AC AC j_)_L .
X03
DC GND
L1 —| 24V +
12 — |
L3 —
PE —|
AC ()
9.7.6 Safe system stop in the event of power failure

A power failure can lead to uncontrolled idling of the drive axes: linear axis or lifting axes would hit the limit
stop unbraked. The 24 V. supply of the AX5000 has two channels, so that separate power supplies can be
used for the control electronics and the brake control. This enables the supply voltage for the control
electronics to be buffered via the UPS of the Industrial PCs until all axes were stopped safely.
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9.8

Power supply (60 A - 170 A devices)

A

Caution - Risk of injury!

The electrical installation must be carried out by a qualified electrician. Before installing and

commissioning AX5000 servo drives please read the safety notes in the foreword of this
WARNING | documentation.

Destruction of the AX5000!

The connection sequence of the devices is not arbitrary. The total rated current of the de-
) vice must decrease from the power supply. The order "AX5112-AX5106-AX5201-AX5103"
Attention | s correct; the order "AX5201-AX5112-AX5203" is wrong.

9.8.1 X01 - Voltage input

AX5160 and AX5172

Figure Terminal point Connection
L1 Phase L1
L2 Phase L2
L3 Phase L3
PE Protective conductor

AX5190 and AX5191
Figure Terminal points Connection
L1 Phase L1
L2 Phase L2
L3 Phase L3
PE Protective conductor

AX5192 and AX5193

Figure Terminal points Connection
L1 Phase L1
L2 Phase L2
L3 Phase L3
PE Protective conductor

Servo Drives AX5000
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Mains supply connection (X01)

The servo drives of the AX5000 series are equipped with a wide voltage input ,X01“ and can be connected
to voltage systems three-phases 400 V¢ 1gy, - 480 Vaci10%.

m Connection to the standard mains supply (TT/TN) with earthed centre is described below.

Connections to other supply systems are not permissible.

Note

Three-phase 400, - 4800, Vac

u

III—T:nﬂa 5

9.8.2 Fusing

External protection for individual devices, CE-compliant

Fire hazard through short circuit!
The recommended fuses are designed for line protection. The servo drives feature inte-
grated self-protection.
CAUTION
Fusing AX5160 AX5172 AX5190 AX5191 AX5192 AX5193
AC supply” 80 AT 100 AT 125 AT 160 AT 200 AT 224 AT
24 V supply 4 AT 10 AT
Brake resistor electronic

JApplication class ,gG“ mains fuses according to IEC 60269 or ,C“ type automatic circuit breakers must be
used.

External protection for individual devices, UL-compliant

Fire hazard through short circuit!
The recommended fuses are designed for line protection. The servo drives feature inte-
grated self-protection.
CAUTION

Fusing AX5160 AX5172 AX5190 AX5191 AX5192 AX5193

AC supply”

24\ supply 4 AT 10 AT

Brake resistor electronic

Mains fuses according to type “RK5” min. 480 V must be used.
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9.8.3  X02: DC link
m DC link AX5000 (60 A -170 A devices)!

When establishing a DC link connection (only for 60 A — 170 A devices!), it is essential to
follow the chapter:
Note "Connection example — DC link group (60 A - 170 A devices)". [» 50]

. Serious risk of injury through high electrical voltage!

Due to the DC link capacitors, the DC link terminal points "DC+ and DC-" and "RB+ and
RB-" may be subject to dangerous voltages exceeding 875 V., even after the servo drive
DANGER | was disconnected from the mains supply.

After disconnection, wait for 15 minutes (AX5160/AX5172), 30 minutes (AX5190/AX5191)
or 45 minutes (AX5192/AX5193) and measure the voltage at the DC link-terminal points
DC+ and DC-. The device is safe once the voltage has fallen below 50 V.

AX5160 - AX5172

Figure Terminal point Connection
DC + DC link +
DC - DC link -

AX5190 — AX5191

Figure Terminal point Connection
DC + DC link +
DC - DC link -

Figure Terminal point Connection
DC + DC link +
DC - DC link -
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9.8.4  X03: 24 VDC supply

System and peripheral voltage for the servo drive is supplied via connector X3. The supply is based on two
channels in order to offer an option to separate between motor stopping brakes and control electronics.

Safe operation!
The voltage tolerances must be taken into account when connecting motors with stopping

brake.
CAUTION
Terminal point [Connection Current consumption
Up 24 V¢ 410% (depending on the motor holding | D€P€NdING 0N the connected consumers

brake) - PETipheral voltage (e.g. |(see X06 and X14)
separate brake supply)

US 24 VDC—15% +20% " System 60A - 72A = 3A
supply voltage 90A — 170A = 10A
GND GND

Connection to the standard mains supply 24 V,. (X03)

The 24 VDC connection "X03" is used for supplying the control electronics and periphery with DC voltage.
The control electronics and the periphery can be supplied separately with two different voltage sources.

m If one power supply unit is used for the 24 VDC power supply, the connections US and UP

must be bridged, in order to ensure that both the control electronics and the periphery are
supplied.

Note

Supply via one or two power supply units

DC AX 5000 DC
L1 24V + ‘Up L1 —— 24V +
L2 @ L2 —]
X
L3 03 [
PE ) GND PE__ u.| AX5000
AC ac ()
Us
X03
DC GND
L1 — | 24V +
L2 —
L3 —
PE —]
AC ()

9.8.5 Safe system stop in the event of power failure

A power failure can lead to uncontrolled idling of the drive axes: linear axis or lifting axes would hit the limit
stop unbraked. The 24 V. supply of the AX5000 has two channels, so that separate power supplies can be
used for the control electronics and the brake control. This enables the supply voltage for the control
electronics to be buffered via the UPS of the Industrial PCs until all axes were stopped safely.
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9.9 Leakage currents

When operating servo drives, operationally related leakage currents occur in various frequency ranges
(capacitive): In addition, it is possible for a smooth DC residual current (ohmic) to be produced after the
rectifier. These currents would prevent a residual current circuit breaker (RCCB or RCD) of the type A or AC
from tripping. In the event of a fault, therefore, it would be possible for dangerous voltages to be present on
the housing parts. For 3-phase applications the statutory regulations in different countries (please check
whether your country is affected) require the use of AC/DC-sensitive RCDs. These should have a rated
residual current of < 300 mA. In order to be able to meet these requirements it is necessary to know or
calculate the expected leakage currents.

Formulas

The leakage current level depends on the fixed leakage currents, the motor cable length and the supply
voltage. The following formulas were determined empirically.

Calculation basis
The values for the leakage current calculated with the equations are valid only if:

Note « original Beckhoff motor cables are used and

« shielding and grounding concepts are adhered to

+ In addition it should be noted that the calculated leakage current value is not exact but
merely reflects the maximum expected value, with associated dispersion.

The max. total leakage current is composed of:

m Composition of the max. total leakage current

* a device-dependent fixed part with 50 Hz (single-phase feed) or 150 Hz (three-phase
feed)

« plus a variable part that depends on the motor cable length and clock frequency. If no
other specifications are applied, the clock frequency is around 8 kHz.

Note
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Leakage currents for individual devices

+1

I LCdevice — I LCfix LCvar

AX5000 up to 12 A — single-phase connection, leakage current in [mA]:

12mA  4mA |\,
IAbF\x - ( 230V + 230 V) Supply VOltage [V]

0,51 mWA * Total motor cable length m
) 230V * Supply voltage [V]

IAbVar -

AX5000 up to 12 A — three-phase connection, leakage current in [mA]:

L= 8 mA . 14 mA * Supol it Y
AbFix 480 V 480 V upply vo age[ ]

2,2 mWA * Total motor cable length m
Inovar = 280V * Supply voltage [V]

AX5118 - three-phase connection, leakage current in [mA]:

[ tomA esmA\ L
AbFix 480 V 480 V upply vo age[]

4,8 mﬁA * Total motor cable length [m]
novar = 280V * Supply voltage [V]

AX5125 - three-phase connection, leakage current in [mA]:

L[ 1smA 83mA)
AbFix — 480 V 480V upply vo age[]

5,4 %A * Total motor cable length [m]
nvar = 280V * Supply voltage [V]

AX5140 - three-phase connection, leakage current in [mA]:

L= 15mA+35mA * Supply volt Y,
AbFix — 480 V 480 V upply vo age[ ]

4.4 mWA * Total motor cable length m
Inover = 480V * Supply voltage [V]

The total leakage current is composed of the sum of the individual device leakage currents:

ILCtotaI = ILCdevice1 + ILCdeviceZ +..t ILCdevicen
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Leakage currents in a DC link

If several devices are connected via a DC link, only the fixed leakage currents for 50 Hz or 150 Hz are
present, as long as no axis is enabled. As soon as an axis is released, the complete fixed leakage currents
(50 Hz or 150 Hz) are present and additionally a fixed portion of 8 kHz with a motor cable length of 0 m. The
following diagrams illustrate the individual leakage current components:

Sample
- 1 x AX5000 (enabled) without DC link
£
lciotar = licvar * lLonx
e
e
8 kHz 3
E 3
50 Hz bzw. 150 Hz é
L[m]
. 2 x AX5000 (not enabled) in DC link
£
Ingtotal = IABfix_1 + IABfix_Z
Do 1+ Laorn 2
_g 50 Hz bzw. 150 Hz (nﬁi(z?\ggﬁezd)
o AX5000_1
_g 50 Hz bzw. 150 Hz (not enaT)Ied)
Lm]
_ e |1 X AX5000 (enabled) + 1 x AX5000 (not enabled) in DC link
% \pover g
IABtotal = IABvarj + IABfixj + IABfix72
~N € . . .
8 kHz g's |If the AX5000_2 is also enabled the equation is as follows:
2 f= 3 =1
- n o
50 Hz bzw. 150 Hz P g IABtolaI = IABvarj + IABvar72 + IABfixJ + IABfix72
8 kHz §'§
= n ©
54 c
50 Hz bzw. 150 Hz <2
Lm]

Influence of the motor chokes

Motor chokes are used in order to protect the power semiconductors and the motors through lower voltage
edges and therefore reduced peak values of the commutation or leakage currents. However, the reduction in
voltage edges has no influence on the RMS value of the leakage currents. Since this is precisely what an
RCD invariably assesses, motor chokes have no positive influence here.
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9.10 EtherCAT

9.10.1 XO04, X05: EtherCAT connection

—
EtherCAT.
The AX5000 is integrated in the EtherCAT strand via the RJ45 sockets X04 and X05.
RJ45 Signal
! X04 (IN) incoming EtherCAT line
I
nk‘fﬁtl‘ M=
l ‘link'lll . -
| act | X05 (OUT) outgoing EtherCAT line
X -
X1
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9.11 Digital I/Os

9.11.1 XO06: Digital I/Os

Destruction of the AX5000!
This connector is not designed for external power supply. It is supplied via the 24 V supply

(periphery) of connector X03.

CAUTION
Terminal point Signal Output current
1/0 plug connector without LEDs 24 Power supply for the max. 1 A
ZS4500-2006 external sensors (switches/
initiators)
(U, 24 Vi +)
0 Input O
1 Input 1
2 Input 2
1/0 plug connector with LEDs 3 Input 3
ZS4500-2007 (optional) 4 Input 4
24 0 1 2 3 4 5 6 70V 5 Input 5
' 6 Input 6
L] - - - - - - - - |
~ NoRo N EE D E . 7 Input 7 or output max. 0.5 A
[ e ii-Ea (configurable)
(U, 24 Vi +)
) ov GND (-)
ZS4500-2008 (optional)
EEEEEEEEEN
ERENEEEEEED
EEEEEEEEEN
EEEEEEEEEN
d - - ] - _ _ _ __ £
[ S &)
’2T0-—1 ¥ 3 = 5= 5= 7= V]|
Voltage level State
-3V..5V 0 or "false"
15V..30V 0 or "false"

Configuration of the plug signal inputs:
The signal inputs of the plugs can be configured with the following functions (IDNs):
P-0-0251, P-0-0400, P-0-0401, P-0-0402, P-0-0800, P-0-0801, P-0-0802.

For further information please refer to the documentation for the
S- and P-parameters of the AX5000 servo drive series.

Note
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9.11.2 Technical data

Technical data Z2S4500-2006 Z2S4500-2007 2S4500-2008
Number of terminal points 10 10 30
Signal LEDs no yes yes
Rated voltage 24 Ve 24 Ve 24 Ve
Rated current 2A

Wire cross section 0.5mm? ... 1.5 mm?

Strip length 10 mm

Dimensions (W x H x D)

approx. 42mm x
10.3mm x 26.9mm

approx. 42mm x
12.7mm x 26.9mm

approx. 42mm x
20.8mm x 26.9mm

Weight approx. 10 g approx. 10 g approx. 20 g
Permissible ambient temperature 0°C ... +55°C

range during operation

Permissible ambient temperature -25°C ... + 85°C

range during storage

Permissible relative humidity

95 %, no condensation

Vibration/shock resistance

conforms to EN 60068-2-6 / EN 60068-2-27, EN 60068-2-29

EMC immunity/emission

conforms to EN 61000-6-2 / EN 61000-6-4

Protection class IP 20
Installation position variable
Approval CE, UL, CSA

9.11.3 Ordering information for 1/O plug connectors

Order identifier Signal LEDs Supports the following connection types
Single-conductor Two-conductor Three-conductor

ZS4500-2006 no yes no no

ZS4500-2007 yes yes no no

ZS4500-2008 yes yes yes yes
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9.11.4 Connection of digital sensors/actuators

ZS4500-2006 (standard) and ZS4500-2007 (optional)

The connection type (single-conductor) in the two connectors ZS4500-2006 and ZS4500-2007 is identical.
The ZS4500-2007 is additionally equipped with LEDs. The following diagram shows the ZS4500-2006.

A sensor (F) is connected at terminal point "0" via a single-conductor connection. The 24 V supply for the
sensor is connected externally. It would also be possible to take the 24 V supply for sensor (F) directly from
terminal point "24", which would cover this option.

In this case terminal point "7" is configured as an output. The configuration is implemented on the software
side. A relay (G) is connected via a single conductor; the 0 V connection is external.

Ground potential
« If sensor (F) or further initiators are supplied through a separate power supply unit, the
ground potential of the separate power supply unit must be connected with the ground
Note potential of terminal point "GND" of connector "X03" (24 V supply).

» The ground potential (0 V) of the relay (G) must be connected with the ground potential
of terminal point "GND" of connector "X03" (24 V supply).

DC
|24 0 1 2 3 45 6 70V o Uel
Ol[Q|[0l[0][0l[0l[0l[0l[,0l[0 R
BOCOO0O0E R £
“X06" AC
24V + Z54500-2006
oV ;3 __/
F G e
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ZS4500-2008 (optional)

A single-, two- or three-conductor connection may be used for this connector. The diagram shows the two-
and three-conductor type. The single-conductor type matches the diagram for connector ZS4500-2006.

The terminal points at (B) are internally bridged. The two bridges (A) have to be established externally on the
plug, in order to use the terminal points.

A sensor (C) is connected at terminal point "2" via a two-conductor connection.
An initiator (D) is connected at terminal point "4" via a three-conductor connection.

In this case terminal point "7" is configured as an output. The configuration is implemented on the software
side. At this point a relay (E) is connected via a two-conductor connection.

“X06" - Option
Z54500-2008

+\ signal  signall |-
C/\J ! |

9.12 Feedback

Information on commutation can be found in chapter 10.12: "Commutation techniques [»_200]".
Information about the limit frequencies can be found under the interface descriptions.

Absolute encoder

When using an absolute encoder, it must be verified before moving the axis that the feed-

back system supplies the expected position data at the distinctive positions in the travers-
Note ing range - ‘START’ and ‘MID’ and ‘END’ — and that these positions are retained after the
restart (Bootstrap -> OP) of the AX5000. Overflow in the traversing range must be avoided!
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9.12.1 Rotational encoders

Heidenhain:

The Heidenhain company supplies feedback systems with the "EnDat 2.2" interface in 2 versions. One
version is without the analog signals (sine and cosine), one version includes the analog signal "1Vss". To
date, Beckhoff supports only EnDat 2.1 with analog signal. Since the EnDat 2.2 interface supports all of the
commands of EnDat 2.1, attention only needs to be paid to the provision of the analog signal 1Vss on the
Heidenhain feedback systems with EnDat 2.2; i.e. the Heidenhain order designation "EnDat02" must be

stated.

Type System Sin/Cos per Supply Interface Sampling
revolution voltage

ECI 1118 Singleturn 16 5V EnDat2.1 +1 |Inductive
Vpp

ECI 1319 Singleturn 32 5Vor EnDat 2.1 +1 |Inductive

7-10V Vpp

ECN 413 Singleturn 512 3.6V-14V EnDat2.1 +1 |Optical
Vpp

ECN 413 Singleturn 2048 36V-14V EnDat2.1 +1 |Optical
Vpp

ECN 1113 Singleturn 512 5V EnDat 2.1 +1 |Optical
Vpp

ECN 1313 Singleturn 2048 5V EnDat2.1 +1 |Optical
Vpp

EQI 1130 Multiturn 16 5V EnDat 2.1 +1 |Inductive
Vpp

EQI 1331 Multiturn 32 5Vor EnDat 2.1 +1 |Inductive

7-10V Vpp

EQN 425 Multiturn 512 36V-14V EnDat2.1 +1 |Optical
Vpp

EQN 425 Multiturn 2048 36V-14V EnDat2.1 +1 |Optical
Vpp

EQN 1125 Multiturn 512 5V EnDat2.1 +1 |Optical
Vpp

EQN 1325 Multiturn 512 5V EnDat2.1 +1 |Optical
Vpp

EQN 1325 Multiturn 2048 5V EnDat2.1 +1 |Optical
Vpp

RCN 829 Singleturn 32768 3.6-525V EnDat2.2 +1 |Optical
Vpp

ROQ 425 Multiturn 512 36V-14V EnDat2.1 +1 |Optical
Vpp

ROQ 425 Multiturn 2048 36V-14V EnDat2.1 +1 |Optical
Vpp

ERN 180 incremental 1024 5V 1 Vpp Optical

ERN 180 incremental 2048 5V 1 Vpp Optical

ERN 180 incremental 5000 5V 1 Vpp Optical

ERN 480 incremental 2048 5V 1 Vpp Optical

ERM 280 incremental 1200 5V 1 Vpp Magnetic
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Hengstler:
Type System Sin/Cos per Supply Interface Sampling
revolution voltage
AD 34 Singleturn 2048 5V BiSS +1 Vpp |Optical
AD 36 Singleturn 2048 5V BiSS + 1 Vpp |Optical
AD 36 Multiturn 2048 5V BiSS + 1 Vpp |Optical
AD 58 Singleturn 2048 5V BiSS + 1 Vpp |Optical
AD 58 Multiturn 2048 5V BiSS + 1 Vpp |Optical
Kiibler:
Type System Sin/Cos per Supply Interface Sampling
revolution voltage
8.5853 Singleturn 2048 5V BiSS + 1 Vpp |Optical
Sick- Stegmann:
Type System Sin/Cos per |Supply Interface Sampling
revolution |voltage
SEK 37 Singleturn |16 7V-12V HIPERFACE + 1 Vpp |Capacitive
SEL 37 Multiturn 16 7V-12V HIPERFACE + 1 Vpp |Capacitive
SEK 52 Singleturn |16 7V-12V HIPERFACE + 1 Vpp |Capacitive
SEL 52 Multiturn 16 7V-12V HIPERFACE + 1 Vpp |Capacitive
SRS 50 Singleturn  |512 7V-12V HIPERFACE + 1 Vpp |Optical
SRM 50 Multiturn 512 7V-12V HIPERFACE + 1 Vpp |Optical
SKS 36 Singleturn 125 7V-12V HIPERFACE + 1 Vpp |Optical
SKM 36 Multiturn 125 7V-12V HIPERFACE + 1 Vpp |Optical
Digital rotary encoders:
Type System Resolution per Interface Sampling
revolution
EEK 37 Singleturn 16 bit OCT Capacitive
EEL 37 Multiturn 16 bit OCT Capacitive
EKS 36 Singleturn 18 bit OCT Optical
EKM 36 Multiturn 18 bit OCT Optical
EKS 36 Singleturn |20 bit OCT Optical
EKM 36 Multiturn 20 bit OCT Optical
ERS 50 Singleturn |23 bit OCT Optical
ERM 50 Multiturn 23 bit OCT Optical
Universal rotary encoders:
Type System Sin/Cos per Supply Interface Sampling
revolution voltage
1 512 5V 1 Vpp
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9.12.2 Linear encoders

Heidenhain:
Type System Measuring Supply Interface Sampling
steps voltage
LS 388C incremental 20 ym 5V 1 Vpp Optical
LS 486 incremental 20 ym 5V 1 Vpp Optical
LS 487 incremental 20 ym 5V 1 Vpp Optical
LC 483 incremental 20 ym 3.6V-525V |[EnDat2.1+1 |Optical
Vpp
LIDA 477 incremental 20 ym 5V 1 Vpp Optical
LIDA 483 incremental 20 ym 5V 1 Vpp Optical
LIDA 487 incremental 20 um 5V 1 Vpp Optical
LIDA 287 incremental 200 um 5V 1 Vpp Optical
HIWIN:
Type System Measuring Supply Interface Sampling
steps voltage
Magic incremental 1 mm 5V 1 Vpp Magnetic
lika:
Type System Measuring Supply Interface Sampling
steps voltage
SMS incremental 1 mm 5V 1 Vpp Magnetic
Numerik Jena:
Type System Measuring Supply Interface Sampling
steps voltage
LIA20 incremental 20 um 5V 1 Vpp Optical
Siko:
Type System Measuring Supply Interface Sampling
steps voltage
LE100/1 incremental 1T mm 5V 1 Vpp Magnetic
Universal linear encoders:
Type System Measuring Supply Interface Sampling
steps voltage
1 incremental 20 um 5V 1 Vpp
2 incremental 1 mm 5V 1 Vpp
3 incremental 20 ym 5V- 1 Vpp
uncontrolled
4 incremental 1T mm 5V- 1 Vpp
uncontrolled

[i]

Note

Motor feedback database

If your feedback system is not listed here, please follow the link to the Beckhoff download

area. By downloading and installing the "AX5000 setup” you will obtain the TwinCAT Drive
Manager, the latest firmware and the latest motor feedback database.
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9.12.3 X11 and X21: Feedback, high-resolution

The X11 and X21 D-SUB sockets are available for connecting high-resolution feedback systems. In delivery

state X11 is assigned

i ;:;' ¥12
X |

to axis A, X21 to axis B.

.‘1531 J'-’.E‘E"
.] .]'

0
Pin EnDAT / BiSS Hiperface Sine / cosine 1 Vpp TTLY Output current
1 SIN SIN SIN n.c.
2 GND 5V GND 9V GND 5V GND 5V
3 COs COSs COS n.c.
4 U, 5V n.c. U 5V U, 5V
5 DX+ (Data) DX+ (Data) n.c. B+
6 n.c. U, 9V n.c. n.c.
7 n.c. n.c. REF Z REF Z
8 CLK+ (Clock) n.c. n.c. A+ 250 mA /
9 REFSIN REFSIN REFSIN n.c. il
10 GND_Sense n.c. GND_Sense GND_Sense
11 REFCOS REFCOS REFCOS n.c.
12 U, 5V _Sense n.c. U, 5V _Sense U, 5V _Sense
13 DX- (Data) DX- (Data) n.c. B -
14 n.c. n.c. Z Z
15 CLK- (Clock) n.c. n.c. A-

DAttention: Wire break detection is not supported for TTL encoders.

Limit frequency:

1 Vpp =270 kHz
TTL =10 MHz
MES =500 Hz

9.12.4 Resolver

Universal resolvers:

Number of poles  |Frequency Transmission ratio

2 8 kHz 0.5

6 8 kHz 0.5

8 8 kHz 0.5
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9.12.5 X12 and X22: Feedback, resolver / Hall

The X12 and X22 D-SUB sockets are available for connecting resolvers or Hall sensors for commutation.
X12 is assigned to axis A in the factory, X22 to axis B.

Pin Resolver Analog Hall sensor
1 Temperature (only PTC, |n.c.

Klixon or bimetal!).

Switching point: 1300 Q +

3%

AGND n.c.

COS - (S3) n.c.

SIN - (S4) n.c.

REF - (R2) n.c.

n.c. Sin 1Vpp

n.c. -120° or -90° 1Vpp *

n.c. U, 9V (supply)

Temp._GND n.c.

COS + (S1) n.c.

SIN + (S2) n.c.

REF + (R1) n.c.

n.c. REFSin 1Vpp

n.c. -120° or -90° 1Vpp *

n.c. GND (supply)

Limit frequency:

Resolver = 300 Hz

9.12.6 X14 and X24: Feedback, OCT (1.5 A - 40 A devices)

Pin OCT / thermal contact
T- OCT -
T+ OCT +

Servo Drives AX5000
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9.13 Motors

9.13.1 Concept

Both three-phase synchronous motors and three-phase asynchronous motors can be driven with the servo
drives from the AX5000 series. The operation of asynchronous motors with the AX5000 is useful if, in the
configuration of the drive system, a channel is still freely available and also if asynchronous motors are used
that are to be operated with open-loop control. In the case of the use of asynchronous motors intended for
closed-loop operation, the AX5000 series is a good alternative regardless of the configuration of the drive

system.
AX5000
Synchronous Motor Asynchronous Motor
Rotary Linear Rotatary
closed-loop closed-loop closed-loop open-loop

Motorfeedback without Motor-
(Commutation) feedback

9.13.2 Motor data set

A motor dataset contains the motor data and control parameters, which the AX5000 requires for operating
the motor. Beckhoff is continually expanding the pool of available motor data sets and makes the latest
motor database available automatically when the TwinCAT Drive Manager is updated.

[i]

Note

Creating motor data sets

Further information on creating motor data sets can be found in
chapter 9.13.4: "Synchronous motors [»_86]",
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9.13.3 TwinCAT Drive Manager

Servo drives are parameterized via the TwinCAT Drive Manager (TCDM). The screen masks required for the
parameterization will be explained at this point. If you need basic information about the TCDM, please read
the complete documentation, which is available on our website for download.

Start the TCDM and click the entry (2) under the relevant channel (1) in the tree; the motor/feedback
configuration appears in the TCDM working area. Click on the field (3) in order to open the ‘Motor selection
window’. In the ‘Motor selection window’ you can display all of the available motors, or enter your own
motors including motor parameters (asynchronous motors only).

Genelall EtherDﬁ.TI DC I Process Datal Startupl SoE -Dnlinel Orline ~ Configuration |
|‘£" ':"|TE||EI| e Lo} = ‘__Q ? ||-ChangeF’hase-j

Tree x | Channel &3> Paramete otor and Feedback,
- Power Manfagement ;I ".t’-‘n.dd.-"Hemc'\-'EI Standard+] ser definedj motor-feedback =) data directly tofram the Startuplist
- Safety Option
F')I'S'I?l’ak\-'induw Rezet (4]l motor/feedbacks)® "I
E--Channel 4 Feedback 1 connector Feedback 2 connector
T ameter |3: #*11 [Front, Encoder,j ID: Mo connectar j

-- Axis Management

Scan motor and feedback 1° | Scan feedback 2° |

- Feedback 1
- Feedback 2 | Feedy
- Process DatafOperati | L
- Digital I
Parameter Lisk \
. Salings Feedback Ttype: Mo Feedback 2 tppe:
[+ Dperation ‘ ‘ |
[+ Diagnostics
=+ Channel B
-- Parameter
-- Cperation
-- Diagnostics

| | Feedback

Feedback 1 Parameters I Motor Parameters | Feedback 2 Parameters

dl | N &
Offline I AzizState | Error Id Umain OK | DeLink OK | Ampl-Te... I Actual op... | we=y [ | Positive c... | Megative ... | Periph. '\-"0...'
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9.13.4 Motor types

9.13.4.1 Synchronous motors

In the case of synchronous motors, you can only select an existing motor; it is not possible to register your
own motors. If your motor is not listed, please contact our support department.

Select a motor. (SchemaVersion.2.0)

-BECKHOFF
-Siemens
- Danaher

.gig
-Harnonic Drive

- Stober

- Emoteq
-Parker
WSk

- Rexroth
-FESTO

1
[
=]
o
o

- BECKHOFF
- HIwiIN

9.13.4.2 Asynchronous motors

- )4

Cancel

;I Lead |

With the AX5000 you have the possibility to implement a good positioning drive with an inexpensive standard
motor in combination with a low-cost incremental encoder.

Linear

Linear asynchronous motors are not supported at present.
Rotary

1. Motor selection

You can either choose an existing motor (1) or generate parameters for a new motor (2). After selection, click
"OK" (3) to move to the next menu.

_|a]x|

ok |
~EMOD

/1 3 1 Cancel |
- Precize

- Lenze
- Spintec 2

- Flzim

Select a motor. (SchemaVersion.2.0)

—L~=pnchronous Mobars
=+ Rotational

----- ther

iFiear
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2. Characteristic motor data

In the next menu characteristic motor data are entered or selected. Expert mode (9) is not currently
supported. Parameters (4) and (5) are preset; you do not need to change them. You can enter a new motor
manufacturer or select an existing motor manufacturer in parameter (6). A new group is generated in
parameter (7) to suit the motor. If you wish to conform to the structure of the motor database, name the
group according to the nominal speed of the motor. Enter the exact type designation of the motor in
parameter (8). Check your entries and then click "Next" (10) to move to the next menu.

Generate motro parameter set with drive 'AX5203-0000-####" x|

|—M|:|t|:|r data7 6 / ? / 8
Yendor: Maotor group: Mator type:
[Matotec ||| ]2000 pri || [|17RagEFGH

Conztruction: " Functional principle:

| {* Flotany " Linear £ Sypnchronous @}@DHSJ
' /-

5/ 4 @

/
9

10

< Back | Mextz> | Cancel | [k
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3. Basic motor data
The basic data are subdivided into three categories: "Basic" (1); "Temperature:" (2) and "Brake" (3).
Basic (1):
m It is essential to observe the maximum permitted d, / d, of the motor winding!

Note

a) Type of connection: Star or delta connection. If you wire and operate the motor in a star or delta
configuration, please note that the rated motor current changes along with the rated motor voltage and that
the AX5000 can supply a maximum rated voltage of 480 V. Please refer to the motor documentation or name
plate for the permissible motor voltages and currents for star and delta connection.

b) The derating is dependent upon your application. Derating is the difference between the effective rated
channel current and the rated motor current in %. Example: rated motor current = 4 A; effective rated
channel current = 3 A -> derating = 25 %.

c) The ratio of |, to |, (overload factor) is set to 1.5 as standard and must be checked against the motor
documentation or name plate.

d) The rated current must be adjusted in accordance with the type of connection and checked against the
motor documentation or name plate.

e) The maximum motor speed is dependent upon the mechanical properties and the maximum rotary field
frequency of the AX5000. Please observe the M / f curve and the field weakening according to the motor
documentation.

f) The rated voltage must be adjusted in accordance with the type of connection and checked against the
motor documentation or name plate.

d) The nominal speed is dependent upon the number of pole pairs and the nominal frequency and must be
checked against the motor documentation or name plate.

h) The nominal frequency is set to 50 Hz as standard and must be checked against the motor documentation
or name plate.

i) The power factor (cos phi) is set to 0.8 as standard and must be checked against the motor documentation
or name plate.

Temperature (2):
k) The type of motor temperature monitoring used and the AX5000 input used must be selected.

m For further information on the combinations you intend to use please contact

the Beckhoff applications department.

Note

m) The temperature at which a warning is given is set to 80 °C. This parameter is effective only for KTY
sensors.

n) The temperature at which the motor is switched off is set to 140 °C and must be checked against the
motor documentation or name plate. This parameter is effective only for KTY sensors.

Brake (3):

o) The type of motor brake used must be selected and checked against the motor documentation or name
plate.

Double-check all entries and click ‘Next’ (4) to move to the next menu.
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Generate motro paraEeter set with drive 'AX5203-0000-####" E

— katar source data
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4. Summary

The motor data entered and the data calculated from them are displayed in this window. Please check ALL
parameters once more for plausibility and click ‘OK’ (5) to move to the next menu.

Generate motro parameter set with drive "AX5203-0000-####" E
— Motor source data and calculated data
Text | Y alue | | ik | -
kotor continuous stall current [S-0-0111] 1.900 A,
b airnurm motor zpeed [5-0-0113] 1500 T
A5h: Mominal woltage [P-0-0101] 400.0 b
ASK: Mominal speed [P-0-0100) 1410 rpm
A5k Nominal frequency [P-0-0102] RO Hz
AS5k: Power factor [P-0-0104] 0.a0 -
b otor temperature sensor tepe [P-0-0061] 4: Mo motor temperature switch or =...
kotor warning termperature [S-0-0201] a0.0 T
b abar ghut down temperature [S-0-0204] 140.0 T
Current chl cocle tinme [P-0-0002] 125 Lz
Thermal motor model [P-0-0062): Time constant B0 g LI
Dfi"."E t_'rll:IE: 7 .":"XE-I DE'DDDD'#### | 'l.:..' j EDﬂStfaiﬂtS:
Text | Y alue | | ik |
A5k Connection type [P-0-0106] [0: Star connection
kator peak curent [5-0-0109] | 2.850 A,
Humber of pole pairz/pole pair distance [F-0-0051] 2
ASH: Rotor e constant [P-0-0105) Fil s
Bipolar welocity limit walue [5-0-00917] 1410 incA0..
b ax matar speed with max torque [P-0-0055] 1410 T
Configured channel current [P-0-0093) 1.900 B, 5
Configured channel peak, current [P-0-0092) 2.850 A,
L]
< Back [Hiest = Cancel ]
i
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5a. Default storage folder for self-generated motor data sets

The default storage folder for user-generated motor datasets is called "CustomerGenerated" (1), and the
suggested file name (2) corresponds to the motor type entered above (see "Characteristic motor data"). This
storage folder has the advantage that you can find your self-generated motor data sets at a glance; however,
they are not included in the above list above under 1. ‘Motor selection’, but are only visible if you click the
‘Load’ button at the bottom right under 1. ‘Motor selection’. The suggested name designates only the XML
file of the motor data set. For the purposes of displaying in the lists, the XML file is read and the
corresponding identifying motor data (‘Vendor’, ‘Motor group’ and ‘Motor type’) are listed as a selection.

To save your data, click on "Save" (4), which then takes you to the last menu.

If your self-generated motor data sets are to be listed directly in the above list under 1. ‘Motor selection’, click
on the symbol (3) to open the "MotorPool" folder.

Speichern unter EE

Speicherm in&~) CustomerGenerated \ j u ® [T
: AN

bypetest, xml 1 3

Desktop

4

Eigene Dateien

™
Arbeitzplatz
-

Metzwerk D ateinarne:

4
£

j | Speichern |
j Abbrechen |

%

FICASEFGH. 2mi

D ateityp: I_Xml FI|E_
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5b. Default storage folder for the motor data sets from the Beckhoff motor database

The default storage folder for the motor data sets provided is called "MotorPool" (4). All motor data sets from
the Beckhoff motor database are saved here in the form of XML files. We recommend that you assign a
unique file name to your self-generated motor data set, so that you can identify it (5):

Customer = name of your company

Mototec = The name (Vendor) assigned by you under 2. "Identifying motor data"

3000 = The motor group assigned by you under 2. "ldentifying motor data"

17K456FGH = The motor type assigned by you under 2. "Identifying motor data"

Of course, you can also assign an arbitrary file name. The assigned name designates only the XML file of
the motor data set. For the purposes of displaying in the lists, the XML file is read and the corresponding
identifying motor data (‘Vendor’, ‘Motor group’ and ‘Motor type’) are listed as a selection.

You create one XML file for each motor data set; the motors from the same motor group of a manufacturer
(Vendor) are always summarized in the XML files for Beckhoff motor data sets.

To save your data, click on "Save" (6), which then takes you to the previous menu.

Speichern unter fil HE

Speichern ir@ j 0 ? - v

) CustomerGenerated Danaher ESM3IT el

[k BeckhafF AL20b, Elsim STM_Taorguelotor, xml
Beckhoff AM217:, Emu:u:l A5M_Standard.xml
Beckhoff AM301:, il Eml:uteq HTO2305-50:, =ml
Beckhoff AM302x, =l ESR MREF2S, =ml
Beckhoff AM303:x. =l ETEL THEDZ10-100. %l
Beckhoff AM304:=. =l FESTO MTR-AC-70.<ml
Beckhoff AM30S:, =l FESTO MTR-AC-100, xml
Beckhoff AM306:, il Harmn:nnin: Crive CHA, =l
Beckhoff AM307:, Harmu:uniu: Crive FHA.
Beckhaff AM3S4x, ki EhHOD 14M 52mil

Beckhoff AM3S5:, HI'-.-'-.-'IN M3zl

Beckhaoff Supported BrakeResistor, xml Lenze A5M_standard, xml
Beckhaff Supported Feedbacks, xmil F‘arkﬂr L3100, xml
Beckhaff Supported Linear Feedbacks, xmil F‘arkﬂr Sl

D ateiname:; 1¥.undd Mototec 3000 1 ?K#EEFGH.:-:mI_) | Speichem |
D ateityp: |><m| File j Abbrechen |
F
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6. Mains voltage and further settings

This window also appears when you select an existing motor data set (synchronous motor or asynchronous
motor). You can adapt the following entries at any time.

a) You can select one of the pre-defined mains voltage variants or you can specify one of your own.
b) Enter the mains voltage (only possible if no mains variant was selected under a)).

c) Enter the upper tolerance of the mains voltage (only possible if no voltage was selected in a)).

d) Enter the lower tolerance of the mains voltage (only possible if no voltage was selected in a)).

e) + f) Phase monitoring is only useful for a 3-phase mains supply. Switch phase monitoring on or off (only
possible if no voltage was selected in a)).

g) Use this setting to enable automatic transfer of the resolution of the encoder and the scaling factor from
the AX5000 to the NC. (Only required if the motor was integrated via an NC axis).

h) The cycle time of the current controller is 125 pys.

i) Selection of the type of ASM connection. If you have generated the motor data set, you can only select the
type of connection entered under 3. "Basic motor data —a)". If Beckhoff has generated the motor data set,
you can choose between star connection and delta connection.

k) Selection of the ASM control mode. If you select "U/f control”, only open-loop operation of the motor is
possible; the AX5000 then acts like a servo drive. If you select "i-control with feedback", closed-loop
operation of the motor is possible, but the motor must be equipped with a feedback system. Click on "OK" (1)
to complete the procedure.

Power supply and extra settings for 1LAT113-4AA11-Z-A ﬂ

Chooze the power supply settings: | k. I
IEIther zettings [pleaze edit the valuesz. ) j @ \ |
Cancel 1
 Details ]
@l Ui | -.,‘,.-l % Enable Umain Phase Emar Detection I @
@I L+rrig I ?».;l | " Disable Umain Phase Error Detection I (B
@ Il-rng | =
_-|-M|:|re zettings
||7 Set MC Encoder "Modulo Scale” and Drive "Output Scale'. | @
| Current Contral Cycle Time [uz] I j | @
ASM: connection type IEI: Star connection j @
&5M: conbral mode ||_|,.Ff contral j @
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Open-loop

If open-loop operation of the motor is desired, you can influence the operating behavior with the following
parameters.

Interdependence between the type of connection of the motor, the speed and the rated output
current of the AX5000

Example motor:

Asynchronous motor with rated voltage 230 V and rated current 6 A at 50 Hz for delta connection or rated
voltage 400 V, rated current 3.5 A at 50 Hz for star connection

If your application requires speeds above the nominal speed (1), this requirement can be realized without
having to use a bigger motor:

The AX5000 can provide 400 V of channel output voltage and thus operate the asynchronous motor in delta
connection at up to 87 Hz (2) without field weakening occurring, i.e. with the rated torque. You only need to
note that a rated current of 6 A is required.

U
2
400V _|
230V _| . - 1
u, :
| I f
. e
50 Hz 87 Hz
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Boost voltage

The operation of an asynchronous motor with a linear U/f characteristic curve results in a weakening of the
torque in the lower speed range due to the dominant resistive component. The standstill torque is zero
without a boost voltage. Furthermore, the asynchronous motor requires a certain time after the current is
applied in order to build up the magnetic field on the rotor and, hence, to generate the magnetic force or the
torque. If your application can not tolerate this delay, there is a possibility to reduce this time delay via the
so-called "boost voltage", which "premagnetises” the rotor. With "premagnetization" a magnetic field is
created in the rotor even though the rotor is not moving. Torque is hence immediately available to rotate the
rotor shaft if a target speed is specified. The interdependence between the boost voltage, speed and torque
is illustrated in the graphic below on the basis of an example motor. The influence of the boost voltage on to
the torque is clearly visible at low speeds.

Example motor:

Rated speed: 1410 rpm
Rated torque: 10.2 Nm
Breakdown torque: 28.6 Nm
Starting torque: 25.5 Nm
Power factor: 0.78
Efficiency: 0.79

Boost voltage

12 =
10 /‘“’
— B _
= — Boost=10%
= — Boost=15Y
2 f
= Boost =20V
=y Boost = 25V
2
1]
(] (] _ _ (] (] (] _ _ (] (] (] _ _ (] _ (] [} [}
— - [nn] [mn] L — - (] [mx] L0 — [-- (] [my] L — - [} [m3}
-— () =T () oo (my) -— [} =T (w) - (m7) [} [t} =I L il [n]
-— -— -— -— -— -— [} [} (] [ [ [

Speed [rpm]

The boost voltage is parameterized in the IDN-P-0-0103. Most applications will be covered by the default
setting of 10 V.

' Attention: destruction of the motor
[ ]

In an asynchronous motor without an external fan, the motor temperature must be moni-
) tored in the lower speed range when boost voltage is used. If necessary, you can change
Attention | the boost voltage online.
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Settings for ramping up and down

In the open-loop operation of the asynchronous motor, the values you need to adjust for the ramps depend

on the application.

The ramp-up is parameterized in the IDN S-0-0136 and the ramp-down in the IDN S-0-0137.

Closed-loop

If closed-loop operation of the asynchronous motor is desired, you must select the feedback system used in

the motor in the TCDM.

Feedback

Start the TCDM and click the entry (2) under the relevant channel (1) in the tree; the motor/feedback
configuration appears in the TCDM working area. Click on the ‘Feedback 1’ (3) field to open the ‘Feedback
selection window’. You can view all available feedback systems in the ‘Feedback selection window’.

Generall EtherE&TI DC I Process Datal Startupl SoE -Dnlinel Online  Configuration |

& 2E=e2 %

Tree
- Power Management ;I
- Safety Option
- Display
— “’Af‘indow
El-Channel &

T dmeker

-- Axis Management
[
r and Feedbac|

i et ree

k.

- Feedback 1
- Feedback 2
[ Process DatafOperati
- Digital /0
i~ Parameker Lisk
b Sealings
[#]- Operation
[#]- Diagnostics
- Channel B

-- Parameter

-- Cperation

-- Diagniostics

*

x | [

=
o=

=

E ? ||-EhangeF’hase-j

Wotor and Feedback

".t’-‘n.dd.n"F!emc-vel Standard+L zer definedj motor-feedback(s] data directly todfrarn the Startuplist

Resst [All motorfeedbacks]” |

Feedback 1 connector

Feedback 2 connector

|3: =171 [Front, Encnder,j ID: Mo connectar j
Scan motor and feedback 1° | Scan feedback 2* |

-

| Feeﬁlt o 0 || Feedack

Feedback 1type.3 hotar type: Feedback 2 type:

Feedback 1 Parameters I Motor Parameters |

Feedback 2 Parameters

] | mil &
Qffline | AnigState | Errar 1d Urnain QK | DeLink OF, | Ampl-.Te... | Actual op... | wi=y [ | Pogitive ... | Megative ... | Periph. Vn...l

Chanmnel & R [ ] - . . -

Channel B Al [ ] . . '] -
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1a. Feedback selection - resolver

Only one of the listed feedback systems can be selected. Either choose the feedback system of an existing
manufacturer or choose a standard feedback system under "Unknown" (1). If your motor is equipped with a
resolver, determine the generic parameters of the resolver and select the appropriate resolver type (2).
Typical generic parameters for the classification of resolvers are the number of poles "p" and the gear ratio
"n". Click on "OK" (3) to complete the procedure.

Select a Motorfeedback. (SchemaVersion.2.0) _ o] x|
s T o )
¥ Heidenhain =

- Hengstler l:anceql\‘ I
- Kiibler —
- Sick
- Harowme
-LTH
- SEWS

1

- Stritoraue

2

=] ko
=- Liefan il / e
= 2pBkHzReszalver
- Resalver p=2 [=BkHz n=0 5 phi=0deg [ver 2112

" bporI D e

-- 2pBkHzRezolver -
1| | >
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1b. Feedback selection - 1Vpp encoder

You can only select one existing feedback system. Either choose the feedback system of an existing
manufacturer or choose a standard feedback system under "Unknown" (1). If your motor is equipped with a
1Vpp encoder, determine the parameters of the feedback system and select the appropriate encoder (2).
Typical parameters for the classification of 1Vpp encoders are the number of lines ‘s’ and the supply voltage
‘56 Vor5V fixed. The difference between the two voltage variants is the use of a sense line (5 V). Click on
"OK" (3) to complete the procedure.

Select a Motorfeedback. (SchemaVersion.2.0)

|=- LErault
- 2pBkHzRezalver
B GpEkHzReszalver

-

EI 1Wpp-Encader 2

ApSkHzReszalver

| |r.|-..-.=-r<~,=|| 1ifmn A1 WC P Thar ?/1 i

- INIVETZAN T v PP | U o0y [VEL L. LI 10]
- Univerzal-1%pp-126805-5 [ver. 2.0.10]
- Univerzal-1%pp-20005-5% [ver.2.0.10]
- Univerzal-1Wpp-20485-54 [ver. 2.0.10]
- Univerzal-1Wpp-22005-5% [ver. 2.0.10]
- Univerzal-1%pp-36005-5% [ver.2.0.10]
- Univerzal-1%pp-40965-5% [ver. 2.0.10]
- Univerzal-1%pp-80005-5% [ver.2.0.10] ;I

ok

Cancel

|
N
3
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1c. Feedback selection - TTL encoder

You can only select one existing feedback system. Either choose the feedback system of an existing
manufacturer or choose a standard feedback system under "Unknown" (1). If your motor is equipped with a
TTL encoder, determine the parameters of the feedback system and select the appropriate TTL encoder (2).
Typical parameters for the classification of TTL encoders are the number of lines ‘s’ and the supply voltage
‘56 Vor5V fixed. The difference between the two voltage variants is the use of a sense line (5 V). Click on
"OK" (3) to complete the procedure.

Select a Motorfeedback. (SchemaVersion.2.0) _ o] x|

=~ Crerault 1

- 2pBkHzRezalver Cancel I

3

- BpEkHzReszalver

[ BpBkHzR esolver

-- 1Wpp-Encader

=l UrkntTTL-Encoder 2

 INIVETZA T 1L taua-oy [ver. 2. L. 'I ]|
- Univerzal-TTL-1024-8 [ver. 2.0.10]
- Univerzal-TTL-20000-8 [ver.2.0.10]
- Univerzal-TTL-20480-8 [ver.2.0.10]
- Univerzal-TTL-25000-5 [ver.2.0.10]
- Univerzal-TTL-36000-5 [ver.2.0.10]
-« Univerzsal-TTL-R000-5 [ver.2.0.10] ;I

TTL Encoder!
Wire break detection is not supported for TTL encoders.

Note

Commutation

In asynchronous motors the rotor magnetic field is generated electrically by means of rotor windings, which
are energized by the servo drive. For this reason, neither a part-absolute nor an absolute encoder system is
required for commutation; wake+shake also does not need to be used. The magnetic field of the stator
induces a voltage in the rotor windings. This leads to a current flow in the rotor windings. This in turn
generates a magnetic field, which produces a torque.
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9.13.5 Motor connections (1.5 A - 40 A devices)

9.13.5.1

X13 (A), X23 (B): AX5101 - AX5125 and AX520x

Terminal point

Signal

Tightening torque

Motor connection U

Motor connection V

Motor connection W

PE

Protective conductor

Shroud

Shield

0.6 Nm

9.13.5.2 X13: AX5140

Terminal point

Signal

Tightening torque

u

Motor connection U

1.0 Nm

V Motor connection V

W Motor connection
w

PE Protective
conductor

Shroud Shield

' Shield connection!
° The shield connection is established via the shroud of the motor connector. Please tighten
) the knurled screw with a screwdriver (max. 1.0 Nm). Inadequately shield connection as a
Attention | result of a loose plug can lead to uncontrolled interference currents, which may also flow
via encoder or resolver cables. This approach can thus result in feedback problems.
100 Version: 2.4 Servo Drives AX5000
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9.13.5.3 X14 (A), X24 (B): Motor brake, thermal contact (1.5 A - 40 A devices)

Terminal Signal Current Tightening Conductor cross-
point load torque section
T- OCT and temp.
T+ OCT + and
temp. +*
PE Protective

conductors and
inner shields of
the signal pairs

B - Brake, GND
B+ Brake (Up) + max. 2.2 A

max. 0.25 Nm (0.2 - 1.5 mm?

7 switch, KTY 83-1xx or KTY 84-1xx

' Destruction of the AX5000!
[ ]

Read the "Cables" chapter carefully and be sure to adhere to the specifications contained
in it.
Attention

Temperature monitoring for Beckhoff motors

AM2000 with resolver
Via resolver cable.

AM2000 with EnDat
The thermal protection contact is implemented in the encoder cable to the AX5000 and must be bridged to
the resolver connection via an adapter / Y cable.

AM2000 with BiSS
Not available.

AM3000 with resolver
Via resolver cable.

AM3000 with EnDat
Via motor cable.

AM3000 with BiSS
Via motor cable.

Linear motors AL2000
The thermal protection contact exits the motor via a separate cable.

1. If the pre-assembled Beckhoff motor and encoder cable is used, an additional thermal protection con-
tact cable (ZK4540-0020-xxx) is required for connecting the thermal protection contact with the
AX5000 resolver interface, where temperature evaluation takes place.

2. If the AL2250 connector box is used, the thermal protection contact is automatically bridged to the mo-
tor cable.

Temperature monitoring and evaluation for motors from other manufacturers

1. Temperature monitoring via PTC, Klixon or bimetal
Evaluation either on the resolver interface (X12 / X22) or the temperature contact (X14 / X24)

2. Analog temperature evaluation (e.g. KTY)
Evaluation only on the temperature contact (X14 / X24)
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9.13.6 Motor connections (60 A - 170 A devices)

9.13.6.1 X13: AX5160 and AX5172

E@!M

Terminal point Connection

U Motor connection U
\% Motor connection V
W Motor connection W
PE Protective conductor

9.13.6.2 X13: AX5190 and AX5191

Terminal point Connection

U Motor connection U
\% Motor connection V
W Motor connection W
PE Protective conductor

9.13.6.3 X13: AX5192 and AX5193

Terminal point Connection

U Motor connection U
\% Motor connection V
W Motor connection W
PE Protective conductor

9.13.6.4 X14: Motor brake,

thermal contact

Terminal point Connection Output current
T- Temp. - *

T+ Temp. +*

PE Signal pair shield

B - Brake GND max. 2.2 A

B+ Brake (U,) +

*) switch, KTY 83-1xx or KTY 84-1xx
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9.14 External brake resistor

High voltage — Danger of death!
Due to the DC link capacitors, the DC link terminal points "ZK+ and ZK- (DC+ and DC-)"

and "RB+ and RB-" may be subject to dangerous voltages of up to 875 V., even after the
DANGER | servo drive was disconnected from the mains supply.

Wait 5 minutes for the AX5101 - AX5125 and AX520x; 15 minutes for the AX5140/AX5160/
AX5172; 30 minutes for the AX5190/AX5191; 45 minutes for the AX5192/AX5193 after dis-
connecting, and measure the voltage at the DC link terminal points "ZK+ and ZK- (DC+ and
DC-)". The device is safe once the voltage has fallen below 50 V.

9.141 X02 - AX5101-AX5125 and AX520x

Terminal point Signal
DC+ DC link +
DC- DC link -

9.14.2 XO07 - AX5140

Terminal point Signal

PE Protective conductor
+R; External brake resistor +
+Rgit Internal brake resistor +
-Rg Brake resistor GND

Operation of AX5140

Commissioning the AX5140 can only be carried out when the terminal points "+RBint" and

"+RB" are bypassed (delivery state) or an external brake resistor is connected (terminal
Note points +RB" and "-RB"). If these measures are not taken then the AX5140 will be stopped
with the error message "FD4B — undervoltage".
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9.14.3 AX5160 and AX5172

Terminal point

Connection

= = = |[RBF

Ext. brake resistor +

| Ea——— W wee ) |RB -

Ext. brake resistor -

9.14.4 AX5190 and AX5191

Terminal point

Connection

RB +

Ext. brake resistor +

RB -

Ext. brake resistor -

9.14.5 AX5192 and AX5193

Terminal point Connection
RB + Ext. brake resistor +
RB - Ext. brake resistor -
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9.15 Motors and cables for servo drives

With longer motor cables the resulting commutation currents can lead to EMC faults. Use the tables below to
check whether mains chokes or mains filters have to be used in your application. When selecting the control
cabinet ensure that there is adequate space for mains chokes and mains filters, etc.

Lay the power and signal cables in separate metal cable ducts or, if both types of cable use the same metal

cable duct, make sure there is an earthed metal dividing wall between the cables.

[i]

Note

Motor chokes
For the AX5160 to AX5193 series no motor chokes are required.

Maximum cable length (including extensions) for a rated motor voltage up to 400 V:

Motor choke AX5101-AX5112 a. AX52xx AX5118 a. AX5125 AX5140
c2" C3 c2? C3 C2 C3
Without <25m <25m <25m <25m - <35m
AX2090-MD50-0012 <100 m <100 m - - - -
AX2090-MD50-0025 - - <50m <50 m - -

Y For compliance with EN 61800-3 only with mains filter AX2090-NF50-0014.
2 For compliance with EN 61800-3 only with mains filter AX2090-NF50-0032.

In exceptional cases (sensitive sensors, etc.) it can be necessary to use a motor choke even for motor cable
lengths < 25 m.

Maximum cable length (including extensions) for a rated motor voltage up to 480 V

Motor choke AX5101-AX5112 a. AX52xx AX5118 a. AX5125 AX5140
c2v C3 c2? C3 C2 C3
Without <20m <20m <20m <20m - <35m
AX2090-MD50-0012 <100 m <100 m - - - -
AX2090-MD50-0025 - - <50m <50m - -

Y For compliance with EN 61800-3 only with mains filter AX2090-NF50-0014.
2 For compliance with EN 61800-3 only with mains filter AX2090-NF50-0032.

In exceptional cases (sensitive sensors, etc.) it can be necessary to use a motor choke even for motor cable
lengths < 20 m.

AX5160 | AX5172 AX5190" AX5191? AX5192? AX5193%
C2 C3 |C2 C3 |C2 C3 C2 C3 C2 C3 C2 C3
AX2090-ND50-0060 4 - - - - - - - - - -
AX2090-ND50-0072 - |- - - - - - - -
AX2090-ND50-0090 - - - -
AX2090-ND50-0110 - - - - - -
AX2090-ND50-0143 - - - - - - - -
AX2090-ND50-0170 - - - - - - - - - -

Mains choke

Y For compliance with EN 61800-3 only with mains filter AX2090-NF50-0100.
2 For compliance with EN 61800-3 only with mains filter AX2090-NF50-0150.
% For compliance with EN 61800-3 only with mains filter AX2090-NF50-0180.
“Without mains choke up to 10 m max.
SWithout mains choke up to 25 m max.
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10 Advanced system characteristics

10.1 Commissioning

10.1.1 Important information for commissioning

Caution - Risk of injury!
Electronic equipment is not fail-safe. The machine manufacturer is responsible for ensuring

that the connected motors and the machine are brought into a safe state in the event of a
WARNING | fault in the drive system.

Please be aware each time before commissioning the AX5000 that connected motors can make uncontrolled
movements, which cannot always be prevented even by the AX5000’s integrated diagnostic system, or may
permit uncontrolled movements until the diagnostic system responds. Analyze your system and take suitable
precautions to prevent damage being caused by these uncontrolled movements.

Potential causes of uncontrolled movements:

The diagnostic system of the AX5000 is equipped with complex plausibility checks, which constantly monitor
installation, operation, parameterization and operation and, if necessary, interrupt them with a diagnostic
message. The parameters listed below are monitored by default, although it is not possible to cover all
eventualities.

* Incorrect commutation results (e.g. on wake & shake), please note chapter Commutation techniques-->
Commutation error "F2A0".

» Take special care with third-party motors: When a motor or encoder is replaced or when a different
SysMan file (.TSM) is used, always execute the command "P-0-0166" without load connection and
analyze the result. If necessary, adjust the commutation offset, as described in the chapter on the
commutation process.

* Input of invalid parameters

» Measuring transducer and/or signal transducer defective or incorrectly adjusted
» Cables defective or not adequately shielded

* Incorrectly attached sensors

Increased attention in the case of vertical axes!
When commissioning vertical axes, the risk consideration described above is to be carried

out with particular care. An uncontrolled movement can mean the sudden falling down of a
CAUTION  ||oad in this case.

10.1.2 Software requirements

Generally, two TwinCAT software modules are required for controlling the AX5000:

* TwinCAT NC PTP
« TwinCAT PLC

TwinCAT NC is a closed software module whose features the user can only influence via parameters. The
TwinCAT NC parameters can be set in the TwinCAT System Manager.

TwinCAT PLC is a program code which the user creates in the PLC Control development environment.
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Structure of TwinCAT NC PTP

TwinCAT NC has 2 tasks:
* NC task 1 SPP (Set PreParation task)
* NC task 1 SEC (Set ExeCution task)

The SPP task is responsible for planning the requested traversing task. The SAF task is responsible for
executing the motion command.

The traversing task leaves the PLC in the direction of the ADS router with destination NC-Task 1 SVB (NC
task 1 SPP). The router relays the telegram to this task.

B8 NC - KonFiguration
=1-[B1 MC-Task 1 SAF

wf7] Tables
-2 Achsen
=l Achse 1 ADS Router
=4, fchse 1_Enc
= & Eingange
'"S‘T Achse 1_Fnc_In *

‘l Ausgange
=&l &chse 1_Drive
- @1 Eingange
El‘l Ausgange

-] Achse 1_Drive_Out
----- T, Achse 1_Chrl ¢
EEI---%T Eingange
EEI---.J. Ausgange E ]
- El!g PS5 - Konfiguration

-AEE PLC Test
-I- PLC_Test-Prozessabbild

=-[B1 Standard

%‘T Eingange

‘l Ausgange

The NC accepts or rejects the message. The response arrives back at the calling block in the PLC via the
same route. Instructions are issued based on blocks contained in TCMC.lib. Once the NC has accepted the
instruction, the system tries to calculate a solution taking into account the boundary conditions (max.
velocity, acceleration, deceleration, and jerk).

SAF SVE
3 PLC
’ .
Controll Traversing | 1 ¥ e
ontroller
4 task 7 L
1 —aa a [
N / Y i ek M ]
/ . *

gl

actual =et
value value

AX5000
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If a solution exists, a table containing the position (s) velocity (v), acceleration/deceleration (a) and jerk (j) for
the whole travel time within the sampling time of the SEC task is transferred to the SEC.

If no solution exists, the system deviates downwards based on maximum jerk, maximum acceleration, and
maximum velocity (in this order).

Actual and set values shown in the diagram are served by the 1_Enc axis and 1_Drive axis components.

=88 MC - Konfiguration
=1-[B1 MC-Task 1 SAF

ElH- achse 1
L——_It. achse 1_Enc
El %T Eingange
- @&l achse 1_Enc_In
‘l Ausgange
= Achse 1_Drive
%T Eingange
El ‘l Ausgange
-] Achse 1_Drive_Cut
----- i, Achse 1_Chrl
EEI---%T Eingange
EEI---‘l Ausgange : .
- EE SPS - Konfiguration
LIEE PLC Test
~=fm PLC_Test-Prozessabbild
‘ =-[B1 Standard
: &1 §1 Eingénge
- § Ausgange

=B E/a Gerdte
5= Gerat 1 (EtherCAT)

== Gerit 1-Prozessabhild

== Gerit 1-Prozessabhild-Tafo
- 8@ Eingénge

- @ Ausgange

- @ InfoData

=-al Achse 6 (AxE 206-0000-0001)
b8l AT 1
B I
- MOT 1

-] mMoT 2
-8 WeState
-8 InfoData

Since the AX5000 is known to the system as a slave, linking can take place automatically if required. In the
event of problems the link can be checked by the user.
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NC / AX5000 link specification:

NC set values AX5000 set values NC actual values AX5000 Actual values
axis n_Drive / outputs/axis MDT n / position set value |axis n_Enc / inputs / axis |AT n/ actual position
n_DriveOut / nOutData1 |(option) 1_Enc_In/ nIinData1 value sensor 1

axis n_Drive / outputs/axis MDT n / velocity set value
n_DriveOut / nOutData2

axis n_Drive / outputs/axis MDT n / master control axis n_Drive / inputs/axis |AT n/ drive status word
n_DriveOut / nCtrl1 word (Hi-byte) n_Driveln / nStatus1 &
nStatus2

axis n_Drive / inputs/axis |WcState' / WcState
n_Driveln / nStatus4

10.1.3 Rotary motors

10.1.3.1 Commissioning under TwinCAT 2

This tutorial describes the procedure for commissioning the servo drive AX5000. All the steps shown are
based on TwinCAT version 2.11. The individual sections build on each other and should be followed
sequentially.

The tutorial shows a possible approach as an example. Alternative approaches are possible.

Creating a project

* Open TwinCAT in the System Manager

Unt?mnnt - TwinCAT System Manager
m it Actions View Options  Help
D )le | | | EEIEIERZ 2 R e SR G A

» Create a project via the icon (1) in the toolbar or via the menu bar: File (2) — New

— An empty project is created.
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Select target system
Target system available in selection list

In the System Manager select the target system (runtime system), to which the drive is connected as
EtherCAT slave.

In the System Manager, open System and press

Version (Local) | Version (Target) | Boot Settings (Target) Choose Targ et (1 )
1
2} el The Choose Target System window opens. On the
' left there is a list of all known target systems, for
TwinCAT Evaluation hich te h [ dvb t d
v3.1 (Build 4016] which a route has already been entered.
Further target systems can be found via Search
Sizozs g dsan E=ll (Ethernet) (2), if the system is not listed under the
=B —Local- [1721756.196.1.1] oK, known systems.
This opens the window Add Route.
|
Before starting the search for more target systems,
, 2| set the IP address as Address Info (3).
R
Search [Figldbusz)...
[7] Set as Drefault
Connection to 'Cx_026CF3 failed!
Connection Timeout [z]: g s
. . Start the search with Broadcast Search (4).
8 | Add Route Diasl &b . . .
2 4, A list with all target systems that were found is
Ena oo [ Ratmsn S :
; : displayed.
HostMeme Connect.. Addross AME Netd TwinCAT OEVersion Comment
Select the required target system.
For a CX the name CX_abcdef is assigned by
default; abcdef represent the last 6 digits of the MAC
ID, which is printed on the name plate.
Fouta Nama (Tangal) Fipete Name (Female) ANDEL&V-HE
Amphedd Teeget Foule FAemate Foule
Trenspan Type TR R - L Hone
. & Stetic @ Siakc
»du:ls‘::l:mw 3 Tempareny Temporary
Connechon Timeout () 5
Close
. . Create link using Add Route (5).
| ®7 Add Route Dial = .
- = You will see a password prompt for the Embedded
Enins Host Hame / 1P Finfrash 5 Broad: F——y
- PC.
HostName Connect.. Address TwwiCAT OSVersion Comment
Puosshe Name (Taeget XA Fioute Mame (Remcte) ANGELEVHE
Acretledd 12235211 Target Roule Remale Roue
Transpan Tyge TERIP - : :’:’_"‘ - :‘":'
Address nlo. 11616 ;emp:raly Tl:l!vu:ly
| (:nnnnr;mnlﬂwo\:li-: .5 : - 5 6
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Logon Information

% Enter a user name and password that is valid for
i the remote system.

User name:

Password:

Encrypt Password (TwinCAT 3 only)

. Enter the required password (The Beckhoff default
password for Windows 7 is "1").

Confirm with OK.
Close the Add Route window with Close (6).

l OK ] l Cancel
L
Choose Target System @
Bﬂ ~Local- (17217.56.196.1.1) oK
H-@ CH17D7IC (5.23.215156.1.1)
-4 Cx_0DHI50 (5.13.65.80.1.1)
Search [Ethernet]...
Search [Fieldbuz)...
[] 5et a5 Drefault
Connection to 'Cx_026CF 3 failed!
Connection Timeout []: 5 s

Select the newly added target system.
Press OK to confirm your selection.

— The target system is selected.
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Adding EhterCAT master and drives

You can implement your drive in your TwinCAT project either manually or via an automatic scan. It is
advisable to scan, because this will insert the required drive devices directly into the project.

TwinCAT in ConfigMode

To start the scanning process, TwinCAT must be in ConfigMode. ConfigMode is one of several TwinCAT
states, which is displayed in the status bar of the System Manager. If the text is highlighted in blue,
ConfigMode is activated, and the scan can be started. If the text is highlighted in green or red, follow these
steps:

Click the blue gear icon in the toolbar.
| & You will see a query regarding the state change to be
carried out.

Confirm the state change with OK.

i N
Microsoft Visual Studio ﬁ

'e Restart TwinCAT System in Config Mode

[ OK l l Cancel

TwinCAT switches to ConfigMode, and the text highlighting
in the status bar turns blue.

TwinCAT is in ConfigMode.

Start drive scanning

If the right target system and ConfigMode are enabled, the scan can be started.

_ In the System Manager select I/O - Configuration — I/O
a0 Devices.
- Press the Scan in the toolbar or right-click on I/O Devices

and select Scan Devices....
In both cases, the following sequence starts:

Close the information window with OK.

TwinCAT System Manager @

L\ HINT: Not all types of devices can be found automatically

OK | | Abbrechen |
== Select the devices to be automatically added to the
e TwinCAT project.
2 ATl P [—]CDK‘ As a minimum, select the device with the supplement
CAT-Intel PCI EthernetA] (EtherCA T)
Complete the selection with OK.
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- SYSTEM - Configuration
ol NC - Configuration
BA PLC - Configuration
BE Cam - Configuration
- 1/0 - Configuration
- 1 [
: === Device 6 (EtherCAT)
-85 Mappings

Microsoft Visual Studio

'e Scan for boxes

Microsoft Visual Studio L

AX5000 or EL72x1 devices are found. Scan motors?

It might take a long time.

In case of AX5000, be sure to have motors connected with the power
supply (X01).

1 INFO: the data of the unsuitable motors will NOT be loaded automatically.
“I'| You can go to 'Motor and Feedback' to use 'Force’ fuction to load the data
after your scan or select the motor.

-l SYSTEM - Configuration

1 MC - Configuration

B PLC - Configuration

.8 Cam - Configuration

- /0 - Configuration

o

=== Device & (EtherCAT)
.= Device 6-Image
.= Device 6-Image-Info
(- &1 Inputs
(- @l Outputs
- % InfoData
[
[

i [ Term 2 (CX1100-0004)
28—+ ] Drive 9 (AX5203-0000-0203)

Bﬁ Mappings

Microsoft Visual Studio

EtherCAT drive(s) added. Append linked axis to
MNC-Configuration

In the System Manager all selected devices are shown
below the "I/O Configuration" icon.

Confirm the subsequent query whether the boxes should be
scanned with Yes

If the query is answered in the negative, no boxes /
EtherCAT slaves and therefore no drives are scanned.

The message regarding a found servo drive or servo
terminal can trigger a special scan for motors. Reads the
electronic type plates of the motors and enters the data
directly in the TCDriveManager.

Confirm the query with Yes to read the electronic type
plates.

If the query is not confirmed, no name plates are read. In
this case, the motor types must be entered manually. See

Determining the motor type [» 115].

Wait for the scan to complete.

The System Manager then shows the servo drives and
terminals that were found. To control the motors via the
TwinCAT project, an NC or CNC axis configuration has to be
created.

Confirm the query with Yes to create an NC axis
configuration.
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ﬂ SYSTEM - Configuration

: B NC - Configuration

[B1 MC-Task1 SAF

PLC - Configuration

BR Cam - Configuration

588 1/0 - Configuration
B0 Devics

@8 Mappings

Microsoft Visual Studio

| i
e Activate Free Run

‘ Yes | ‘ Mo

.

4

As a result of the automatic axis configuration creation, an
axis is added for each motor that was found and linked
accordingly.

If you require a CNC axis, close the window with No and
create the configuration manually. See Create NC axis
configuration [» 118].

The created NC axis configuration is shown in the System
Manager.

Decline the request to activate Free Run with No.

—The drive is fully implemented in the TwinCAT project.

Also see about this
Configuring devices [+ 115]

114
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Configuring devices

Determining the motor type

If a motor has no electronic name plate or the offer to scan for motors was declined, the motor type has to be
entered manually in the TCDriveManager.

Opening the TCDriveManagers

[ - Bl SYSTEM - Configuration General I EtherCAT I DC I Frocess Data I Startup I SoE - Online | On\in@mgu@ 2
= NC - Configuration Linked NC/CNC axes:  Channelbe=sMe: Avs 1 ChannelB<=>Me: Asis 2
i PLC - Configuration | = | - 4 | 5 | P ‘q % 2 ‘m
i Cam - Configuration i 4 ° oe e
& - /0 - Configuration Tree
Bﬂ% g:::s(c)ﬂlﬂﬂ) E;;F:z * || “Add/Remove [Standard+User defined_~ | motorfesdbackis) datz directly to/from the Startuplist
& Gerat 2 (NOV/DP-RAM) | . Digital VO —Ml—
(-7 Gerét 3 (EtherCAT) . Watch Window i Feedback 1 connector Feedback 2 connector
5 &¥ Device 4 (RT-Ethernet) - Channel A ’m 0: No connector -
-.=fm Device 4-Image - Parameter
| %T Inputs [ Operation [ Scan motor and feedback 1* ]
£ @l Outputs [+- Diagnostics | ———————
-7 Device 6 (EtherCAT) - Channel B
-.=f= Device 6-Image - Parameter 3 | ] 5 Sel
= Device 6-Image-Info ‘... Error Reaction / Drive Halt = S 4 elect Mot el Fesdbgck2”
> | N
£ § Inputs Controller Overview =
- § Outputs - U/ Coptrol 3 Feedback 1 Motor [ Fesdback 2type
7§ InfoData l Motor and Feedback e ¢
- 1 T G 3 M eters —
q - § Drive 9 (AX5203-0000-0203] Process Data/Operation Mode e
Parameter List - Feedback 1 Parameters Motor Parameters Feedback 2 Parameters

* In the System Manager, under /O configuration — |/O devices, select the EtherCAT master, to which

the AX5000 units are connected. In this example select "Device 6" for the AX5000. Here, open "Drive
9" (1).

* Open the Configuration tab (2).

— The TCDriveManager is open.

Motor settings
In the Configuration tab, a tree structure is shown on the left, which can be used to navigate to the individual
dialog pages. To check or set the motor type, edit the motor and feedback settings (3).

» Open either Channel A or Channel B — Parameter — Motor and Feedback (3).
The motor and feedback settings appear to the right of the tree.
If the fields Motor type (4) and Feedback 1 type (5) are empty, this may have two reasons:

1. The motor does not have an electronic name plate: Determine the motor without electronic type plate

» 116
2. The motor has an electronic name plate: Determine the motor with electronic type plate [P 117]
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Determine the motor without electronic type plate

Select Mot

Select a motor.(SchemaVersion.2.0)

——— v s (S

haone) oK
E nous Motars
[#-Asynchronous Motars
Load
|| Only show the suitakle motars for this drive
— — — p— ——
Power supply and extra settings for P
Choose the power supply settings
230% | 1 phase | 50 Hz (Europe) -
Details
Umain (2300 | Enable Umain Phase Error Detection
Usmg |20.0 % (@) Disahle Umain Phase Error Detection
U-mg 200 2%
Mare settings

Gerer | EheeCAT [ DG | Process Dt | Statup | S0E - Orien | Orienn | Cerfiguraten
Chanpebtis e A | M

Lk el KC/THC amme:

Chavelice e foi ]

2eEE -~ 4@l Ui 2 |[owge i -]
Trne x A N -
ESEIJ; “PeldFirsreren [ S chard - ner At | modordsechachl) data drectl bo e the Satuclst
aps
Digital LD Hewet |
Wistch Window Faaduck | canvacior Faadback 7 cornectsr
- Channd A |24 424 One cable dee = | 0: Ma comnecior =
W Pacamiater
i Operstion L S mckor are fmecinch |
i Diagnastics e —
Channel & ] A——=a | [
Peam i =p 1 =R Nt
Fevce eaction { Brive Halt | !-. I mm| [ )
selvaldug I )
U Comtict P Ry J T 1 Feedhack 2hoe
; ¥ Hlbcizatut
i Seslings and NC Parametess
i Daba/Dperation Mo s -
ameter List | w_‘i‘ﬂ_‘_ﬂ.ﬂ‘ | L thn_ﬂt?Pm_um
2 ]

Mator and Feedback

Set Nc-5caling and some Nc-parameters now?

oK | ‘ Cancel

— The motor type is set.

Press the Select Motor button to add the motor type.
A selection window opens, which shows all motor
versions and their properties.

Look for the motor of your drive in the list.

Confirm the selection with OK.

A further window appears, in which you have to
select or set the mains voltage to which the AX5000
is connected.

Make the required settings.
Confirm the selection with OK.

Selecting a motor type makes it appear in the Motor
type field (1). When the motor type is selected, the
encoder system used in this motor type also
becomes known and is shown in the field Feedback 1

type.

When the motor type is specified, a further query
appears, as to whether the NC or CNC parameters
relating to this axis should also be set.

If you confirm this message with OK, you will be
directed to the corresponding settings. See Create NC
axis configuration [» 118].
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Determine the motor with electronic type plate

Press the “Scan motor and feedback 1*” button.
Scan motor and feedback 1* I

Wait until the loading process is complete and the
Scan motor and feedback WindOW Closes.
Scan motar and fesdhack 1. Please wait A WII‘ldOW Opens, in Wh|Ch the feedbaCk type that was
determined is displayed.

Show details

, Confirm the display with OK.

Scan motor and feedback

Feedback with interface '7: HIFERFACE DSL' is found. The electronic data.
oK
sheetwill be loaded

Show details

. If this error message appears, instead of the
message about the determined feedback type, this

Scan motor and feedback

- :
e S may be because your scanned motor has no
“ou can click 'Motor' button to select & motor from the list, [ e|eCtF0nIC name plate
LB8,
(=] Show details In this case, proceed as described under Determine

S e — = E—— 3

the motor without electronic type plate [» 116].

— The electronic name plate is read, and the motor type and the feedback type have been determined.
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Create NC axis configuration

onfiguration
e 1
. - Configuration
E Carmn - Configuration
&l 1o - Conﬂguratlon

10 Devices

E’E Mappmgs

Insert Task

M arme:

Comment:

(=

- Bl SYSTEM - Configuration
-8l NC - Configuration
- - NC-Task 1 SAF

. e Achsen
.58 PLC - Cenfiguraticn
2R Cam - Configuration
- /0 - Configuration

)

:

Insert NC Axis
2

Multiple: 1 =

Comment:

[7] &ppend obiect(s)

Ganowel, 598ng1 | Rammeln| Djvz’:xlfanrn

Link TaPLC..

< 1 SYSTIM - Configuration
W N - Configuration
[ NC-Task 1 S4F
[B NC-Task 1 VB
e NC-Task 1-Proessabbild
0 Tables
B Achsen

| Furesana| Cauplng | Gorrpansaben

A Type | Staacesc (apping vie Crcoder sad Dive) -

»  Display(Orhy)

Poznan P

Uit mm

Velouty, | mmgivic

------

- [ 10 - Configuratien
+ W IO Dences
+ @ Mappings

8 | Select O Bow/Terminal [Ruis 17

B AE203-0000-00) EherCAT

120
v § (S 203-0000-0000) #

Right-click on NC — Configuration (1) in the System
Manager.

Select Insert Task...

Name the NC task
Confirm the entry with OK.

The System Manager expands below the NC
configuration to show the added NC task. The logical
NC axes can now be added below the Axes icon.

Right-click on Axes within the axis configuration.
Select Append Axis....

Enter a name for the NC axis (2).

Determine the axis type (3).

Confirm with OK.

In the System Manager the new axis appears with its
name within the NC axis configuration. Now link the
logical NC axes with the physical axes (the channels
of the respective AX5000).

Open Axis 1in the System Manager tree
Switch to the Settings tab

Link the NC axis with the hardware axis via
Link To I/O... (4).

Select the AX5000 channel to be linked from the list
You can filter the list based on the channel link
status. The filter Unused (5) only shows channels that
are not linked. The setting All (5) shows all channels,
irrespective of their link status.

1 Confirm the selection with OK.
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Create CNC axis configuration

B NC - Configuration
B PLC - Configuration

- /0 - Configuration
- B8 1/0 Devices
&85 Mappings

Insert Task

MName:

Comment:

=B SYSTEM - Configuration
-8 CNC - Configuration
-[21 CNC-Task GEO
-[B1 CNC-Task SDA
CNC-Task COM
.adm CNC-Task GEQ-Image

(-8B NC - Configuration
.58 PLC - Configuration
=i /0 - Configuration
B8 /0 Devices
F-88 Mappings

Insert [tem %

Multiple:

i [ TYSTEM - Confapaation
| Che - Configuration

= (B CNC-Task GEQ
o (B CHC-Task SDA
- [B CNG-Task COM
o CHC-Task GEO-Image
§t nputs
&l Canputs.
e fues
S
B Inputs
& Outputs
B Chasnel 1
i W NG - Configaaticn.
1 PLC - Centiguration
B 10 - Configueation
+ B U0 Devices
-l Mappings

Defwt Channet | [nane) =

Feed Axis

AddDeiata Compensaton 1atie

o

8 ) Select O BowTerminal (Asis 17

Tyt

Haentr Comannt Full Haene

Denvm & (£0E203-0000-0007) # 4 AET030000-0303 EmarCAT
Drve § (AE20-O000E00) # 8 ARS20-0000-020) EmharCAT

THD " Ciraca 1 (EharCA
IO Dirvice 1 (EtherCA

EnarCAT Sol

Right-click on CNC — Configuration (1) in the System
Manager.

Select Inert Task in the context menu...

Name the CNC task
Confirm the entry with OK.

The System Manager expands in the CNC
Configuration section to show the added CNC task.
The logical CNC axes can now be added below the
Axes icon.

Right-click on Axes within the axis configuration.
Select Append Axis....

Select the axis type from the list.
Confirm the selection with OK.

In the System Manager the new axis appears with its
name below the CNC task. Link the CNC axes with
the drive, in order to enable control.

Open Axis_1 in the System Manager.
Open the Configuration tab (2).

Link the CNC axis with the hardware axis via Link to
I/0... (3).

Select the axis to be linked from the list

You can filter the list based on the axis link status.
The filter Unused (4) only shows axes that are not
linked. The setting All (4) shows all axes, irrespective
of their link status.

Confirm the selection with OK.

Servo Drives AX5000

Version: 2.4
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Specifying the scaling factor

The scaling factor is an application-related parameter, which is required for converting the position
representations between the NC and the AX5000. The NC is usually parameterized in the application unit
(e.g. degree). The AX5000 operates with a position representation of 2% increments per revolution (with x =
[20...31]). If, for example, a motor revolution corresponds to an application revolution (360 degrees), and x =
20 was selected, the resulting scaling factor is 360 degrees / 2%,

ot 16t e T In the System Manager tree, open |/O —Configuration

ke NN s Chuereficsa i s

— 1/O Devices — Device 6 — Drive 9 (1).
Open the TCDriveManager via the Configuration tab

L L T T e —————— (2)

In the TCDriveManager tree select Channel B —
Parameter — Scalings and NC Parameters (3).

FRRRRRRR

A table with different NC parameters and the
corresponding values (4) can be found to the right of
the TCDriveManager tree. Since the initial parameter
values are default values that were not explicitly
saved by the user, they are regarded as invalid and
therefore shown in red font. The individual parameter
values depend on the scaling factor, so that all
parameter values can be adjusted by modifying the
scaling factor.

Adjust the scaling factor via the field Feed constant
(5)-

Select the unit (6).

Confirm the change with Save (7).

SE—— — . Acknowledge the information window with OK.
Scalings and NC Parameters N w

'e The maodifications has not yet been activated.
Please download the modifications in Nc-Configuration or
activate the System configuration.

il

| ST, P | | D] e By confirming the change, the parameter values and
Linked HEACNE s ] 1 Charnelicetis fo 2 . . .
e RS T their units are adjusted to the new reference value
- i : and appear in black font.
o — = CEm]
Pkt Praksies
Defaukt parameter settings for brked hcwes. The hanged later in hc iy

Paramater

Fiedereroe Velocty: 110% of Max motor speed

Maamun Velocty: 100% of Max motor speed.
E oy

H

Marusal Vit (k). 5% of Wi ter s
Cotntion ity ¥ Vel

Calbrotion Velorty fof ple carm] 1% of Mas motor spesd
heseierton wih a0 accelersion tme of T
Ceselermten wen an soesiennen bme of T3

Jerk: wth an accelerstion tme of s

(RERRRERE

— Your motor parameters are set correctly.

The configuration of Channel A follows the same procedure as for Channel B.
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Specifying velocities

Checking the scaling factor

B SYSTEM - Configuration
&, Real-Time Settings
-[B¥ Additional Tasks

- % Route Settings
-, TCOM Objects
-8 NC - Configuration
=-[B1 NC-Task1 SAF
NC-Task1 SVB
% NC-Task 1-Image

ag Avis 1_Ctr
91 Inputs

i@l Outputs
A} Avis 2

B pLC - Configuration

BB Cam - Configuration

A 10 - Configuration

B VO Devices

&8 Mappings

General | NC-Encoder( ParameterYBercos | Time Compensation | Online |

Encoder Evaluation: -
Invert Encoder Counting Direction
Scaling Factor
Position Bias
Modulo Factor (e.g. 360.0%)

Tolerance Window for Modulo Start

Encoder Mask (maximum encoder value)

Reference System
Limit Switches
Soft Position Limit Minimum Menitoring
Minimum Position
Soft Position Limit Maximum Monitoring
Maximum Position
+  Filter:

+  Homing:

+  Other Settings:

Encoder Sub Mask (absolute range maximum value)

FALSE 3
00

3600

00

OxFFFFFFFF
OxDOOFFFFF
INCREMENTAL'

FALSE

El

Lo

-
Persistent Changes

Changes are temporary and will lost after TwinCAT restart!

[ Do ot show dislog again

To save changes. the configuration must be sawved in the registry

Save now

‘ General | NC—Encade(l Pammaﬁarl Sercos | Time Compensation |Onlina‘

Encoder Evaluation:

Scaling Factor
Position Bias

Modulo Factor (e.g. 360.0%)

Invert Encoder Counting Direction

Tolerance Window for Modulo Start
Encoder Mask (maximum encoder value)
Enceder Sub Mask (absclute range maximum value) | 0x000FFFFF

lwi Value

Fase 4
40,0001

00

360.0

00
OYFFFFFFFF

L

Reference System ‘INCREMENTAL' LI
Lirnit Switches:
Soft Position Limit Minimum Monitoring FALSE LI
Minimum Pesition 00
Soft Position Limit Maximum Menitering FALSE LI
Maximum Position 0.0
+  Filter:
+  Homing:
= O’thmgs: 5
‘ € Download [  Upload | [ ExpandAll | [ CollspsAll | [ SelectAl

Check the value for the second axis.

In the System Manager, open NC- Configuration —
NC-Task 1 SAF — Axes — Axis 1 — Axis 1_Enc (1).

Open the Parameter tab (2).

Compare the value of the Scaling Factor (3) with the
value of the scaling factor.

If the value does not match the scaling factor, select
the field (3) and enter the scaling factor.
ATTENTION: Please ensure decimal points are used,
not decimal commas, as used in Germany!

Save changes permanently with Save now.
Wait a moment and close the window with OK.

The value change is indicated by the blue color of the
field (4).

Select the field with the changed value (4) to activate
the Download button (5).

Press Download (5) to save the change.
Another window appears:

Servo Drives AX5000

Version: 2.4
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Setting the velocities

B SVSTEM - Configuration
-8 Real-Time Settings
~[Bt Additional Tasks
% Route Settings

General [ Settingdf_ Paremeter Yoynamics | Oniine [ Funcions | Coupling [ C
7

., TCOM Objects
B NC - Configuration
=-[B1 NC-Task 1 SAF

NC-Task 1 SVB
-t NC-Task 1-Image
] Tebles

B A 6
C A1y
51 Enc

a4 Axis1_Drive

iy, Axis1_Cerl

@& Inputs

$! Outputs
e Axis 2

B PLC - Configuration
B Cam - Configuration
A 1/0 - Configuration
B8 1/0 Devices

&8 Mappings

EaEaaaE

In the System Manager, open NC — Configuration —
NC-Task 1 SAF — Axes — Axis 1 (6).

Open the Parameter tab (7).
Set the velocities as required.

ATTENTION: Please ensure decimal points are used,
not decimal commas, as used in Germany!

Velocities:
Reference Velocity 11663.1614203232
Maximum Velocity 10602.874026666699
Manual Velocity (Fast) 3180.862208
Manual Velocity (Slow) 530.14370133333206
Calibration Velocity (towards pl cam)  106.028740266667
Calibration Velocity (off plc cam) 106.028740266667
Jog Increment (Forward) 50
Jog Increment (Backward) 50
Dynamics:
Limit Switches:
Monitoring:
Setpoint Generator:
NCI Parameter
Other Settings:

Upload [ BpandAl | [ ColspsAl | [ SelectAl |

| General | Setings| Parameter| Dynamics | Online | Funetions| Coupling| Compensation|

The value change is indicated by the blue color of the

| | field.
- | Velocities: — The velocities are adjusted and take effect with the
Reference Velocity 40042.287011718799 next Conﬁguraﬁon_
Maximum Velocity 36402.0791015625
Manual Velocity (Fast) 36000.0
Manual Velocity (Slow) 360.0
Calibration Velocity (towards plc cam) 364.02079101562498
Calibration Velocity (off plc cam) 364.02079101562498
Jog Increment (Forward) 5.0
Jog Increment (Backward) 5.0
Parameter Description
Reference Velocity The reference velocity must be set to a value = the "maximum
velocity".

Maximum Velocity

Maximum velocity (= max. velocity of the NC motion command)

Manual Velocity (Fast)

Velocity in the manual test menu (F7 and F4)

Manual Velocity (Slow)

Velocity in the manual test menu (F2 and F3)

Calibration Velocity (towards plc cam)

Homing velocity

Calibration Velocity (off plc cam)

Homing velocity

122
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Test mode

To test the TwinCAT project with all its settings on the drive, the settings have to be transferred to the
runtime system. To this end the whole configuration must be loaded into the runtime system of the target
hardware (e.g. a CX2000) and started there. After successful configuration, the motor control can be tested
manually in manual mode.

Before commissioning the manual control, it is advisable to check the control status of the drive.

Configure drive

Before you can start the controller, you must transfer the TwinCAT settings to the target system. To do this,
activate the configuration.

Click the Activate Configuration icon in the toolbar.

-

Confirm the warning with Yes.

TwinCAT Systern Manager IEI

I.-"'_"\-. Document is modified!

' Generate mapping before activate configuration

| Ja || MNein || Abbrechen |

. Start the configuration with OK.
Microsoft Visual Studio

%\ Activate Configuration
WY (0Id Configurations will be overwritten!)

OK l [ Cancel l

e 4

Microsoft Visual Studio w

Start Run mode with OK.

'9/, Restart TwinCAT System in Run Mode

OK Cancel

Wait until the text highlighting turns green. Only then
. is the application in Run mode.

— All your settings were transferred to the runtime system. The drive is ready for operation.
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Checking the state

In the first step it makes sense to check the EtherCAT communication state of the system.

= Bl SYSTEM - Configuration TwinCAT Projectl + X =

| NC - Configuration

—
PLC - Configuration | General | Adapter | ETherCAT(Oﬂ”ﬂe)DoE— Online
1 Cam - Configuration ——

B Vo - Configuration We State
=B /O Devices i
: 1 1001 Term2(EL1859) oP

[-fem Gerat1 (CX1100) . (
F @ Gerst 2 (NOV/DP-RAM) §2 1002 Term 3 (EL3255) oP
[ 5% Gerdt3 (EtherCAT) "3 1003 Term4(EK1110) oP
(.8 Device d (RT-Ethernet) N E24 1004 Drive 5(AX5203-0000-0203) OP
== Device 4-Image \
&1 Inputs

LEVILED-ITnage
=f= Device 6-Image-Info
&1 Inputs
§| Outputs
@ InfoData
i Term 2 (CX1100-0004) _pmm—— S 4.
EERE] D 5 (405203-0000-0203) /’

-85 Mappings Actual State: oP \ Counter Cyclic Queued
,i:ﬁ NC-Task 1 SAF - Device 6 (EtherCAT) ‘ [ i [Pre0p | [Saie0p] [ 0p ] 'Send Frames 390165 + 24824
L@@ MNC-Task 1 SAF - Device 6 (EtherCAT) - Info Frames | sec 499 + 16

\L ClearCRC ] ’ CIearFrames/ LostFrames 0 £ 0
Tx/Rx Errors ] ;0

* In the System Manager, open /O — Configuration — 1/O Devices — Device 6 (EtherCAT) (1).

* Open the Online tab (2).
All slaves of the selected EtherCAT master and its communication states are displayed (3).

» Use the "buttons" in (4) to change the EtherCAT state of the master.
To ensure smooth operation, the states of all devices should be OP (see State status column the table

3))-

— Your system is checked and ready for operation.
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Activating manual control

TwinCAT has a manual test menu, which allows you to start the drive manually in a test mode. The manual
test menu can be called up via the drive (Devices) or via the axis configuration.

Manual test menu for drive

In the System Manager, open I/O - Configuration — I/
O Devices — Device 6 — Drive 9 (1).

Switch to tab NC-B: Online (2) or NC-A: Online (3).
R In this case you would test the drive for axis 2 by
" By - selecting NC-B: Online (2). Select NC-A: Online (3) to

 HEBEBBE 85 test axis 1.

Manual test menu for axis configuration

gg :::STEC’\:&;J:;?::UM Genwiel | Setings | Purnster| DyienizCnine Yruncions| coupling| cumpen
£1-[B1 NC-Task 1 SAF Setpoint Position: [mm] - i i
L i N 873812 .= |n the System Manager, select NC - Configuration —
i NC-Task1-I Lag Dist {min/max)  [mm] Actual Velocity: [mm/s] Setpoint Velocity: _ [mm/s] H H
T T o oy e el NC-Task 1 SAF — Axes — Axis 2 (4) or Axis 1 (5).
o fee COveride: [%] Total / Control Output:  [%] Eror: . . .
| 5 T 000y 0 e Depending on which of the two axes is to be tested.
H «td A Status Jog.) Status (phys.) Enabling
B pLC - Commguration [7] Ready [#]NOT Moving [ Coupled Mode [F] Controller Set 1 ( )
BB oo i D [ [eme (=) Open the Online tab (6).
=4 /0 - Cenfiguration 7] Has Job [£] Moving Bw [Zin Pos. Range [C] Feed Bw
é BB V0 Devices C ller Kv-Fz [mm/s/mm] Refi Vel [mm/s]
e ontroller Kv-Factor: [mm /s./mm] ference Velocity: [mim/s]
h _D;vg :j::;tf;;? 1 1 11663.1614293333 M
= Device 3-Image-Info Target Position fmm] Target Velocty: [mm/s]
GT]nputs 0 0
$! Outputs
& InfoData —_ - + | ++ ® |
E Term1 (Cx1100-0004) F1 F2 F3 F4 F8 F9
Brd Drive 8 (AX5203-0000-0203)

Setting the drive enables
gree]

Setpoint Position: .
Ny 21.1480 ™ omon 10 operate the motors manually, manual drive control
Lag Distance (min/max) gree] Actual Velocity: egreefs] SelpointVelocity:  egree/s] mUSt be enabled The Contl'0| |S actlvated When
0.0000 (0.000. 0.000) -0.2108 0.0000 X i X O X
Enabling Controller (7) is active. In addition, the drive

Qverride: [*] Total/Control Qutput [%] Error:

0.0000% 000/ 080% ot requires Enabling Feed Fw** (7) activated for forward

Status (og) Stafus (phy=) Ry 8 travel, and Enabling Feed Bw (7) for reverse travel.
[ Ready [¥]NOT Moving [ Coupled Mode ™ | Controller

Dcabrated  [IMovingFw | K in TargatPos CFeearu } === Use the Set button (8) to change the settings.

["|Has Job || Moving Bw ["]InPos. Range W | Feed Bw,

Use the All (10) button to set all settings and the

[ Set Enabling {ﬂ_ﬁf override (11) to 100%,
or all settings can be specified manually:

Tick the individual options (9) to activate them.

Enter the Override value (11).

The override (11) scaled the set velocity of the NC
motion command. The Override value can be
between 0% and 100%.

In the function view, the activated options are

21 1404 *=Fentesten el indicated by ticks (12). In addition, the Status (log.)
. 21.1452 . . . .
Lag Distance (min/max): gree] Actual Velocity: egree/s] SetpointVelocity, egreefs] (1 3) has Changed W|th the aCt'Vat'On, and the Overnde
00017 (0.43.0015) 00053 00 has been entered. The drive is ready for operation
QOverride: [*%] Total / Control Qutput [%] Error. .
100.0000 % 000/ 000% oo and can be controlled with the manual mode menu.

Status {log,

1 3 Status (phys.) Enabling 1 2
NOT Movin || Coupled Mode 7 Controller
[~ IMoving Fw ["|In Target Pos. |¥|Feed Fw
[ IMoving By [ ]InPos. Range Feed Bw

Set

*If this flag is set, the system tries to activate the drive control (of the AX5000) and to set the drive to a state
in which it follows the set value specifications of the NC. The "Ready" flag is set if the drive acknowledges
this request as successful.

**These so-called direction enables make it possible for the NC to accept motion commands in the
respective direction. The drive does not see these two flags.
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Manual control guide

The drive can be controlled using the buttons F1 to F9 and the fields Target Position and Target Velocity.

Setpoint Position: gree]
N 21.1339
Lag Distance (min/max): gree] Actual Velocity: egreefs] SetpointVelocity:  egreefs]
0.0051 (-0.043. 0.015) -0.3543 0.0000
Qverride: [%:] Total/Control OQutput: [%2] Error:
100.0000 % 0.00/ 0.00 % 0 (0t}
Status (log.) Status (phys.) Enabling
|| Ready [¥|NOT Maving [ | Coupled Mode [¥] Controller Set
[]calibrated [ | Maving Fuw []in TargetPos. [v|Feed Fw
[ |Has Job [ |Moving Bw []InPos. Range [¥|Feed Bw
Controller Kv-Factor: reefs/Degree] Reference Velocity: egreefs]
1 1 40033.1411132813 1
Target Position: Degree] Target Velocity: egreefs]
0 1 0
-— | + | ++ ® —e
F1 F2 F3 F4 F8 F9

The following table provides an overview of all manual mode functions.

Function Description
F1 Reverse travel with Manual Velocity (Fast)
F2 Reverse travel with Manual Velocity (Slow)
F3 Forward travel with Manual Velocity (Slow)
F4 Forward travel with Manual Velocity (Fast)
F5 Start a direct travel command
» Enter the Target Position
» Enter the Target Velocity
+ Start the travel command with F5
F6 Stop a direct travel command
F8 NC reset; the current motion command is aborted.
F9 Initiate homing (see TwinCAT documentation)
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Typical error messages

TwinCAT Projectl ® X

General | EtherCAT | DC

| Process Data | Startup | SoE - Online | Online | Configuration| NC-B: Online [

‘ etpoint Position gree]
|- 86.8821
Lag Distance (min/max): gree] Actual VelocTy: 5] Setpoint Velocity: egree/s]
-0.0055 (-2.861.2.785) 0.0000 0.0000
Override: [*%] Total/ Control Quiput: [%] Error: 1
100.0000 % 000/ 0.00%
Status (log.) Status (phys.) Enabling
I:‘Rsady NOT Moving DCuup\ed Mode Cumm\ler Set
[ calibrated [ Moving Fw []In Target Pos [¥|Feed Fw
["]Has Job [[1Moving Bw [#]InPos. Range [V]Feed Bw
Controller Kv-Factor. ree/s/Degree] Reference Velocity: egree/s]
1 g 40033.1411132813
TargetPosition: Degree] Target Velocity: egree/s]
i) 36393
p— = + ++ ® —t
F1 F2 F3 F4 F8 F9

smap soe-cm.:cm-.so.... B Functons | NC:A Dnkew | NG A Fancsons

kg NG s _ 3 Mhemeiceatic gl
@,,p_;_- FirrS Q% 7 |[Changa Pn =
Twa B x|

ice Dhagearaties

Me11age Fuptack 1" Posten meakd

Ganaral | ERerCAT [0C | Process Data | Stansp | S0 - Oriinn | Okna | Corbguraton | WG Ordne | MC 8 Fenchons | NC-A Online | NCA. Funcsens
cephic Amn | Choseificabic Ana 2

Device g
Device o Mattion s stale machorr Contol Bd piwar 36C50 8B
Power Management ot ey 12
Safety Option
Display
Digital 1O
Witch Window
ji Channet A
D4t of vaid operabon data foe P2 (50011
0N Hama
Daghsg | Umas | Dctnk | Ampt-T_ | Actuain| vesv,8 | Posave | Megaw_ | Perph
R Amsemc. @ . W1 Tposc @ . . oM
RiAssmmec. @ L] 74 Npowa. @ L] . nue

General | EtherCAT | DC | Process Data | Startup | SoE - Online | Online | Conﬁgurauonl NC-B: Online [

If you are in the manual mode menu and the position
value (2) is greyed out, this has the following reason:
A greyed out shown actual position for EtherCAT
drives indicates a "WC state error". In this case, the
WC state flag generated by the EtherCAT master is
"true", which means that the NC does not receive
valid position data from the drive.

The corresponding EtherCAT drive is probably not in
EtherCAT state SafeOp or Op. Further analysis is
required to ascertain why the drive is not in this state.

To investigate further, open the TCDriveManager via
Configuration (3). In the status bar, another error
code is shown at Diag Code (4). Check the drive
state (5). Select Diagnostics (6) from the tree
structure, in order to obtain further information about
the error. A list (7) on the right shows the whole error
history. Update the list via the button with the two
green arrows (8). Once the cause is identified and
corrected, reset the axis via the R button (9).

After a short time, the error indication will disappear
from the status line for the axis (10), and the drive will
be in OP state (operational) (11). Update the list of
error messages once more (8). It should contain no
more error messages (12).

In the manual mode menu for the axis, the position
value (13) is shown in black again.

\ 80 3035 1391pmmpusitiun gree]
. 803080 Press the F8 button to acknowledge the NC error (14)
Lag Distance (min/max): gree] Actual Velocity: egree/s] SetpointVelocity: egree/s] .
00000 (0.000.0.000) 01482 00000 in the manual mode menu.
Override: [%] Total/Control Qutput: [%] Error: 14 . . . .
20000 % % The drive is ready for operation again when the
% 0.00/ 000 ) v . Yy p g
Status (log.) Status (phys.) Enabling Ready ﬂag |S Set.
DFieady NOT Moving DCoup\ed Mode DCom.roHer Set
[ calibrated [ Moving Fw ["]in TargetPos [C1Feed Fw
[]Has Job [~ Moving Bw []InPos. Range [T|Feed Bw
Controller Kv-Factor: reefs/Degree] Reference Velocity: egree/s]
] 4 40033.1411132813
Target Position: Degree] Target Velocity: egreefs]
0 36393
- - + ++ —be
Fl F2 F3 F4 - - g F9
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10.1.3.2 Commissioning under TwinCAT 3

This tutorial describes the procedure for commissioning the servo drive AX5000. All the steps shown are
based on TwinCAT Version 3. The individual chapters build on each other and should be followed

sequentially.

The tutorial shows a possible approach as an example. Alternative approaches are possible, which are
referred to in several places.

Creating a project
Open TwinCAT in the Windows Start menu.

A — Create a new project using the option New TwinCAT
2E."I‘ VIEW DEBUG TWINCAT PC  TEAM 500 TOOLS TEST SCOPE  AMALYZE WINDOW  HELP PrOjeCt (1) on the Start page
e ot If TwinCAT opens without the start page shown on
the left, create a new project via the menu bar: File
(2) - New — Project.

TWl nCAT® 3 In both cases, the window for creating a project will
J T

oo e

Beckhoff News

—, Assign project name (3).
ol A : " Specify storage location (4).
il Confirm with OK.

— The new project appears with the Solution Explorer on the left and the workspace on the right.
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Select target system

Target system available in selection list

In order to control your drive with TwinCAT, the software needs to communicate with the hardware. To this
end, the drive has to be selected as target system for the TwinCAT project.

P,

FILE  EDIT VEW PROECT BUND DEBUG TWINCAT PIC TEAM SQU  TOOLS TEST SCOPE  ANALYZE  WINDOW 3--".ch-
-0 - @Ee X {7 g Amscn - [ LT O

W E NI e 1 O )

Microsoft Visual Studio

Active solution platform TwinCAT RT (x64)' differs from new
W' target platform TwinCAT RT (x86)"! Change solution platform

Target system not available in selection list

If the target system is not in the list, follow these steps:

The toolbar indicates which target system is
active (1).

Open the selection list using the small arrow (2)
to the right of the display window.

Select the drive as the target system.

Confirm query with Yes to change the platform
settings automatically.

This setting can be found in the toolbar (3).

If you answer No, this setting must be made
manually:

Open the platform selection list via the small
arrow (4) to the right of the display window (3).

/ Select a system-compatible platform.

— The newly selected target system appears in
the display window (1).

— The newly selected platform appears in the
display window (3).

Choose Target System... select from the list,

FILE EDIT VIEW PROJECT BUILD  DEBUG TWINCAT PLC TEAM SOL TOOLS TEST SCOPE ANALYZE Or Open System in the SOIUtiOn EXpIOrer and

B - MWW X » Anach.. - Release

el B2 @ &5, <o

Solution Explorer TWInCAT Projectl 4 X

- wnc press Choose Target... (5).

Both options take you to the Choose Target

e s SB[ eenla it System window. On the left is a list of all
& Solution TwinCAT Projeett” (1 project TwinCAT System Manager e - target systems already in use. This list
T @l e should be identical to the previous selection
list.
Find more target systems via Search
Choose Target System X (Ethernet) (6)

- @ C-1GAE1E (169.254168311)

Search (Fieldbus).
[ 5et as Default

4|»

Connection Timeout {s): 5

O —Loca— (17217.21438.1.1) oK
B CXISAETE (169.254.1682.1.1)

[[ Search (Ethernet)... [)

This opens the window Add Route.
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| ®1 Add Route Dralog

| Entes Host Mame / 1P, ! [ Fretrersh Shak

HosiName Connect.. Address AME MNetld TwinCAT 05 Version Comment

Fiowte Mame (Targa): Fouta Momea (Femole) ANGELAV-ME
Arnshid Tanget Rowle Fiemata Foute
Transpast Type: Froject Hone
@) Static @ Srasc
Addess nlo, 7 [ ) Temporay
Host Nome
Connection Timeout (2] 1
Clase |
L ———
&7 Add Route Dialog B9
Enter HastName / IP: Refresh Status | | BrosdoastSearch |
HostName Connect.. Address AMS Netld TwinCAT  0S%ersion Comment
Cx-0CF334 17217861 5122435211 3140168 Windows 7
Route Name (Target) Cx-ICFI34 Foute Name (Remote) ANGELAV-NE
Amsetld 512.24352.11 Target Route Remote Route
Transport Type: TCP_IP - OPraject Ohane
(@ Static (@ Static
Address Info; 1721786167 () Temporany () Temporary
() HostMName ©@)IP Address
Connection Timeout (s 5 = 9 10
Add Route g Close >

Logon Information

]

i the remote system.

User name:

Password:

Encrypt Password (TwinCAT 3 only)

[ o ][ conce

Enter a user name and password that is valid for

Choose Target System

Eha —Local— (17217.214.381.1)
[ @ CXOCF334 (5.12.243521.1)
[ @ CX-1BAETR (169.254.166.31.1)
[ @ CX-1BAETE (1689.264.168.2.1.1)

Connection Timeaout (): 5

4

X
OK
Search (Ethernet)...

Search (Fieldbus).
|:| Setas Default

Before starting the search for more target
systems, set the IP address as Address Info

(7).
Start the search with Broadcast Search (8).

A list with all target systems that were found
is displayed.

Select the required target system.

Create link using Add Route (9).
You will see a password prompt for the
Embedded PC.

Enter the required password (The Beckhoff
default password for Windows 7 is ,1%).

Confirm with OK.

Close the Add Route window with Close
(10).

Select the newly added target system.
Press OK to confirm your selection.

Because the platform to be used depends on
the respective target system, the platform
also needs to be adjusted if the target
system is changed.
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Microsoft Visual Studio

'o Active solution platform TwinCAT RT (x64)' differs from new
¥ target platform TwinCAT RT (x86)"! Change solution platform

Implementing devices

Confirm query with Yes to change the
platform settings automatically.

This setting can be found in the toolbar (3).
If you answer No, this setting must be made
manually:

Open the platform selection list via the small
arrow (4) to the right of the display window

3).

* Select a system-compatible platform.

— The newly selected target system
appears in the display window (1).

— The newly selected platform appears in
the display window (3).

You can implement your drive in your TwinCAT project either manually or via an automatic scan. It is
advisable to scan, because this will insert the required drive devices directly into the project.

TwinCAT in ConfigMode

To start the scanning process, TwinCAT must be in ConfigMode. ConfigMode is one of several TwinCAT
states, which can be identified by the small gear icon in the status bar at the bottom of the screen. If the icon
is blue, ConfigMode is activated, and the scan can be started. If the icon is green or red, follow these steps:

B

Click the blue gear icon in the toolbar.

You will see a query regarding the state change to be

carried out.

r

Microsoft Visual Studio

=)

'e Restart TwinCAT System in Config Mode

14:10
08.08.2014

14:10
08.08.2014

— TwinCAT is in ConfigMode.

Confirm the state change with OK.

TwinCAT switches to ConfigMode, and the icon in the
status bar turns blue.

Servo Drives AX5000

Version: 2.4
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Start drive scanning

If the right target system and ConfigMode are enabled, the scan can be started.

-

Microsoft Visual Studio

HINT: Mot all types of devices can be found automatically

OK

| [ conce

3 new I/O devices found

Device 1 (EtherCAT)

[ |Device 2 (EtherCAT Autamation Protacal)  [Local Area Cannedtion 2 (TwinCAT-Intel PCI Ethe

=3
oK
[WDevice 4 (RT-Ethemnet Protocol)  [Local Area Cannection (TwinCAT-ntel PCI Ethemet A]

SelectAll
Unselect All

Solution Explorer > I X
& o-o@ &
Search Solution Explorer (Ctrl+) R =

fal Solution TwinCAT Projectl’ (1 project
4 ol TwinCAT Projectl
b @ SYSTEM
& MOTION
g rLC
i SAFETY
& Cc++
4 @1o
4 "% Devices

P &I Device 1 (EtherCAT)

&% Mappings

In the Solution Explorer select I/O — Devices.

Press the Scan in the toolbar or right-click on
Devices and select Scan.
In both cases, the following sequence starts:

Close the information window with OK.

Select the devices to be automatically added to
the TwinCAT project.

As a minimum, select the device ending with
(EtherCAT).

Complete the selection with OK.
The Solution Explorer shows all selected
devices.

Confirm the following query with
Yes. If you answer No, the scan is

Microsoft Visual Studio

aborted. The message regarding a

'@ Scan for boxes

found servo drive or servo terminal
can trigger a special scan for
motors. This would read the
electronic name plates of the
motors and enter the data directly
in the TCDriveManager.

No
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. Confirm the query with Yes to read the

Microsoft Visual Studio = electronic type p|atesl

If the query is not confirmed, no name plates
are read. In this case, the motor types must be

AX5000 or EL72x1 devices are found. Scan motors?

It might take a long time. entered manually. See Determining the motor
In case of AX5000, be sure to have motors connected with the power

type [» 134].
supply (X01).

INFO: the data of th itabl t ill NOT be loaded aut ticall Wait until the scan is Complete'
: the data of the unsuitable motors wi e loaded automatically. .
You can go to 'Motor and Feedback' to use 'Force’ fuction to load the data The Solution Explorer then shows the servo

after your scan or select the motor. drives and terminals that were found.

To control the motors via the

icrosoft Visual Studio [ ‘ . .
Solution Explorer AL g | croson Visual Stud — | TwinCAT project, an NC or CNC

P i} axis configuration has to be
@le-=af# @ (e popens s s te created. C?onfirm the query with
Search Solution Explorer (Ctri+i) R ~ Yes to create an NC axis
f] Solution TwinCAT Projectl’ (1 project Conflgurgtlon.. As a _result_of the
4 gl TWinCAT Projectl automatic axis configuration
b @l SYSTEM creation, an axis is added f_or each
& MOTION motor t_hat was found and linked
g pLC accordlngly. _
- SAFETY If.you require a CNC axis, close the
— ot window with No and create the
. g vo configuration manually. See Create

4 % Devices axis configuration [» 137].

4 &3 Device 1 (EtherCAT) The created NC axis configuration

*% Image is shown in the Solution Explorer.
*® Image-Info

2 SyncUnits
b Inputs

b W Outputs

P @ InfoData

b l§ Term 1 (EK1200)
b B Drive 5 (AX5203-00C
M

appings

+

*
]

Decline the request to activate

Solution Explorer * 1 x Microsoft Visual Studio | || Free Run with No.
@& o--a &

Search Solution Explorer (Ctrl+() P -
'@ Activate Free Run
&1 Solution 'TwinCAT Projectl’ (1 project) -

4 o TwinCAT Projectl

b @l SYSTEM

4 @ MOTION | ves || Mo
b &) NC-Task 1 SAF
Bl pLC L J
B SAFETY
[ c++

4« @yo

—The drive is fully implemented in the TwinCAT project.
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Free Run mode
Free Run mode is used for synchronising the axes, if no NC is available. When NC is used,
a triggering task is activated, which synchronises the axes. This is not available if the sys-

Note tem is operated without NC. In Free Run mode a virtual task is created, which enables axis
synchronisation and reading of 1/0 data.

If the system is in Free Run mode, the blue and red —
status bar icons flash alternately. -
14:10 N 14:10

08.08.2014 0&.08.2014

Also see about this
Configuring devices [ 134]

Configuring devices

Determining the motor type

If a motor has no electronic name plate or the offer to scan for motors was declined, the motor type has to be
entered manually in the TCDriveManager.

Opening the TCDriveManagers

TWINCAT PC TEAM 50U TOOLS TEST SCOPE  ANALYZE  WINDOW  HELP

e ; In the Solution Explorer, open I/0O — Devices —
N (el Device 1 — Drive 5 (1).

Do § (AKER00-0000-020%) d 5

e Open the Configuration tab (2).

AN 0000-000 EesCAT Drven (55 7Ch )

— The TCDriveManager is open.
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Motor settings

L=z : x Under the Configuration tab you will see a tree
=-Device - structure on the left-hand side, which can be used for
- Device Info all the required settings.
-~ Power Management To check or set the motor type, edit the motor and
- Safety Option feedback settings (3).
D!SF_"E’Y Open either Channel A or Channel B — Parameter —
- Digital [fO Motor and Feedback (3).
- Watch Window
=-Channel A

) Parameter

- Error Reaction / Drive Halt
- Controller Overview

- U/t Contral 3

L +-Motor and Feedback
Farameters

- Process Data/Operation Mode

- Parameter List M

The motor and feedback settings appear to the right

Garweal | ERarCAT [ DG | Process Duta | Sanup | SoE - Oriee | Orine | Corbgusscn Of the tree.
Linkad NCICNC aums Chanesihq=3NC Ang | acosBle-phc Aoy 2

If the fields Motor type (4) and Feedback 1 type (5)
are empty, this may have two reasons:

The motor does not have an electronic name plate:
Determine the motor type without electronic name
plate [» 136

The motor has an electronic name plate that was not
read: Determine the motor type with an electronic
name plate that was not read [P 137]
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Determine the motor type without electronic name plate

Select Mot

r

2

S

Select a motor.(SchemaVersion.2.0)

Ok
ars
[#-Asynchronous Motars
Load
|| Only show the suitakle motars for this drive
——— — = — — —= —
Power supply and extra settings for P
Choose the power supply settings
230% | 1 phase | 50 Hz (Europe) -
Details
Umain (2300 | Enable Umain Phase Error Detection
Usmg |20.0 % (@) Disahle Umain Phase Error Detection
U-mg 200 2%
Mare settings

| EecCAT [ DG | Process Dot | Stactep | SoE - Gnine | Quine | Coriguason
Lnked HC/CNC aes. Channsig=rhic dea | Canselfitarie Ails
& 2 [E= G WA E YU 7 || ChangePs =
Ties x| [
LT Comitrol “AddRwmevs [Saraai. wkon
& Mgtor and Feedback
Scalings and NC Paramaters i -}

Process Data/Operation Mode
Parameter List
# Opesation
i Diagnastics
“; Channe! B
Parameter

¥
0 Mo comnecicr =

Error Reaction / Drive Hann

n A m
& Controtier Croerview LA
LY Coetral = - —
& Motor and Feedback Teachachd 2 Faedback 2 ype:
& Scalings and NC Parameters
Process Data/Operation Mode
Parameter List Dol
: Operation Fuudback | Pacusatess Foacback 2 Patameen
& Diagrasties

Press the Select Motor button to add the motor type.
This opens a selection window that lists all the motor
type versions and their features.

Look for the motor of your drive in the list.

Confirm the selection with OK.
Another window appears, in which you can make
advanced settings.

Make the required settings.
Confirm the selection with OK.

Selecting a motor type makes it appear in the Motor
type field (1). The field Feedback 1 type (2) is
completed automatically, since for each motor type a
corresponding feedback type is stored in the
TCDriveManager.

Once the motor type has been specified, a further

Mator and Feedback PY query appears relating to the parameters of the axis
configuration.
Set Nc-5caling and some Nc-parameters now? If you confirm this message with OK, you will be
directed to the corresponding settings. See Create
axis configuration [» 137].
OK | ‘ Cancel
— The motor type is set.
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Determine the motor type with an electronic name plate that was not read

Scan motor and feedback 1*

Scan motor and feedback

Feedback with interface '7: HIFERFACE DSL' is found. The electronic data
sheetwill be loaded,

Show details

| Scan motor and feedback

Scan maotor and feedback 1. Please wait..

Show details

Scan motor and feedback

Scanning motor and feedhack is failed. It might be
Mo feedback is connected, or the feedback is a resoher
“ou can click 'Motor' button to selecta motor from the list

I Show details
—

Press the “Scan motor and feedback 1*” button.

5 Wait until the loading process is complete and the

window closes.
A new window opens, in which the feedback type that
was determined is displayed.

Confirm the display with OK.

. If this error message appears, instead of the

message about the determined feedback type, this
may be because your scanned motor has no
electronic name plate.

In this case, proceed as described under Determine
the motor type without electronic name plate [» 136].

— The electronic name plate is read, and the motor type and the feedback type have been determined.

Create axis configuration

Solution Explorer
@ ©-

Search Solution Explorer (Ctrl+0)

5 »
P~
] Solution TwinCAT Projectl’ (1 project
4 o TwinCAT Projectl

b @SYSTEM 1

Right-click on Motion (1) in the Solution Explorer.
Select Add New ltem....

E rLC
B SAFETY
C++
4 @ro
Select Type (2) for your axis configuration.
Insert Motion Configuration x i . i
2 Enter a name for the axis configuration (3).
Type RC/PTP NCI Configuration Ok X . . i
SN Corfiguration Click OK to create the axis conflguratlon.
3 The next steps depend on the axis type.
MNarme:
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Creating an NC axis

If an NC axis configuration has already been created, the individual axes can be created and linked.

The Motion section of the Solution Explorer expands and shows the new NC axis configuration.

Right-click on Axes within the axis configuration.

Solution Explorer

Select Add New Item....
& °- a & Enter a name for the NC axis (1).
Search Solution Explorer (Ctrl+0) P~ Determine the axis type (2).
&1 Solution TwinCAT Projectl’ (1 project) Confirm with OK.
4 o TwinCAT Projectl
b @l SYSTEM
4 @ MOTION
4 & NC-Task 1 SAF
(81 NC-Task 1 SVB
*® Image
[T] Tables
s Axes
H rLC
8 SAFETY
[ c++
4 @1yo
Insert NC Axis &
1
MName: , ultiple: 1 =
Type: G Continuous Axis > '] [ Cancel ]
Parameter, I(deiault) V]
Cormment:
- In the Solution Explorer the new axis appears with its
G020 SB[ el e name within the NC axis configuration. Link the
e a] = — individual NC axes with the drive, in order to enable
J...IT.\\IDCQTQ'DJHI'.J || s control.
bl SYSTEM Aot Type [ Standund (Maggng via Enceder and Drve) .
i ?:Gmgwm‘, i ] o Open Axis 1 in the Solution Explorer.
2 ice o i Switch to the Settings tab.

m:; - raon Vocy v s Link the NC axis with the hardware axis via Link to I/
ey = " = = 0... (3).

< ﬂE'UL‘Q'\'(% T xlm‘m* B 2000
‘ :‘i[.).e\'(el:i‘.hefuﬂ- ::: i e

— == Select the drive to be linked from the list.

] T = — = — 1 You can filter the list based on the axis link status.
&M_M The filter Unused (4) only shows axes that are not
SER00S, EnarcAT S0 e s s e aseseest . ooesienes | linked. The setting All (4) shows all axes, irrespective

i g . of their link status.

@ L;.‘ .| Confirm the selection with OK.

— Your NC axis is successfully linked with the drive.
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Creating a CNC axis

If a CNC axis configuration has already been created, the individual axes can be created and linked.

The Motion section of the Solution Explorer expands and shows the new CNC axis configuration.

Right-click on Axes within the axis configuration.
Select Add New ltem....

Solution Explorer

@ o--d &R

Search Solution Explorer (Ctrl+0) P

] Solution TwinCAT Projectl’ (1 project)
4 ol TwinCAT Projectl
b @ SYSTEM
4 @l MOTION
4 [l CNC-Task GEO
P [ CNC-Task SDA
P [ CNC-Task COM
*® Image
Inputs
W Outputs
Axes
Bl rLC
@ SAFETY
& Cc++
4« @vo

| Select the axis type from the list.
Confirm the selection with OK.

Insert Item

Axis Parameter (achsmds]1.lis)

In the Solution Explorer the new axis appears with its
name within the CNC axis configuration. Link the
individual CNC axes with the drive, in order to enable

control.
e oy Open Axis_1 in the Solution Explorer.
@ o B AR | comalokormoTiramno | | Gat| Goce Open the Configuration tab (1).

Seaich Sohution Explorer [Cil+ B 2
D e P D || o [ - Link the CNC axis with the hardware axis via Link to
Ao o e _ 1/0...(2).

4 CNC-Task GEO

b G CNC-Task SDA

b G CNC-Task COM Faed Aun
2 Image

Inguts AdDaiatn Compananten Tabls

W Outputs

4 On fues
B s 1

e | __ Select the drive to be linked from the list.

AR & . . . .

i — — — -+ You can filter the list based on the axis link status.
Type Harn Cornentert. Full s .
s | | he filter Unused (3) only shows axes that are not
SERCOS. EaCAT Sof Do § (AS2030000-0200 # A ASE203-0000-0203 EtharCAT TED Duinvacan 1 (Kt CA

SERCOS. EveeCAT Sof D § (AOS03000-G0T) # B AWSZ03-0000-0203 EmrCAT . TID" Denaca 1 ([EherCA

linked. The setting All (3) shows all axes, irrespective
of their link status.

3——
== | Confirm the selection with OK.

— Your CNC axis is successfully linked with the drive.
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Specifying the scaling factor

The scaling factor is an application-specific parameter, which is required for converting position values.

‘EERETER

| Auiis | D Codn | Oumgllng | Uoim | Dctish | dovgs 1
W . 0

A . =

|sctin | vene s [Pa

Scalings and NC Parameters

|

i

activate the System configuration.

The modifications has not yet been activated.
Please download the modifications in Nc-Configuration or

| [Ganecst | EduecAT [DC | Procuss Duta | Szanp | 56 - Ordsa | Drima | Ceorgesson
Unknd NC/CNC anes. ChamelAg=atic Aus 1

ChocoeBleahic Adsl

22FEE -« H @0 F N 1| Cuegerh =
Teas =|[ Ao
Pawer Mansgerment Foodcomtent 360 Dogen =] S
;elelr Oatian e Béatng ke Dogioane. He Modlo Secale: | 4204367235
Dl:;DI:L'D et N Eroctan Conrstrg Deecson -
i Dk s T [ —
= Chaswel A
Fchrasks [—— Vo Urit
Eror Reaction f v Hall Fluterance Velocty 110% ol Maxmstor speed 40422370117183  Degreals
el itn e Mammum Velocy. 100% of Max metor spaad MAROTNNIES  Dagroals
oyl Wanual Valocty (Fasty 3% ofMmcmakor speed. 10506273687 Dogioals
Wanual Valocty [Siow) 5% ofMaxmotor speed  142000088509813  Dagroals
- Metor el Fesdoach: Callbraton Valocdy (lowaids plc camj. 1% ofMaxm_ %4 07015625 Degroeis
i Scabings and NC Parameters Cabbeation Valooty [0f plc cam) 1% of Max motor s 400790015628 Dagreals
Process Data/Operation Mode Acceleraton wih W SE0NTIBEZMM  Dogioais?
Paramater List Docearasan wih an accekrasen tma of 1s SN TIBEIMM  Dagioais2
i Opesation Jacc wath 30 accaaraton e of 13 163516700 Dagruaisd
& Diagnastics
£ Channel §
Offiw

Chamal A
Chammael B R L] L ]

| B T ——
ArinSeae | DisgCode | DisgMag | Umsn . | Delik | AmplT. | Acssie | ve
[ O O

=0 | Postve | Nagasw | Parga |
] ] ]

In the Solution Explorer, open I/O — Devices —
Device 1 — Drive 5 (1).

Open the TCDriveManager via the Configuration tab
(2).

In the tree structure select Channel A — Parameter
— Scalings and NC Parameters (3).

On the right next to the tree structure, there is a table
showing various motor parameters and associated
values (4). Since the initial parameter values are
default values that were not explicitly saved by the
user, they are regarded as invalid and therefore
shown in red font. The individual parameter values
depend on the scaling factor, so that all parameter
values can be adjusted by modifying the scaling
factor.

Adjust the scaling factor via the field Feed constant
(5)-

Select the unit (6).

Confirm the change with Save (7).

Acknowledge the information window with OK.

By confirming the change, the parameter values and
their units are adjusted to the new reference value
and appear in black font.

— Your motor parameters are set correctly.

The configuration of Channel B follows the same
procedure as for Channel A.
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Specifying velocities

— o TR Checking the scaling factor

A & “""“‘"“‘“""‘“3""' In the Solution Explorer, open Motion — NC-Task 1
T e s 29 | e i SAF — Axes — Axis 1 — Enc (1).
1 SYSTEM Inwert Encocer Cousting Direction FALSE =
L if'::ﬂ:l‘l%.a-,,.m.e Open the Parameter tab (2).
i e E Compare the value of the Scaling Factor Numerator
PEYRa oMy it " (3) with the value of the scaling factor.
»m;_ T et~ _ Ifthe value does not match the scaling factor, select
b [ e the field (3) and enter the scaling factor.
e e ATTENTION: Please ensure decimal points are
woe ¢ mersenge used, not decimal commas, as used in Germany!
I 4 Erpand Al Colapa Al Sulect Al

The value change is indicated by the blue colour of
the field (4).

General | NCG-Encoder | Parameter| Sercas | Time Compensation | Online |

’7 Parameter Offline Value

- | Encoder Evaluation: Select the field with the changed value (4) to activate
Invert Encoder Counting Direction FALSE 4 =l the DOWn Ioad button (5)
Scaling Factor Numerator
Scaling Factor Denominator (default: 1.0) 1048576.0 PreSS Download (5) to save the Change
Position Bias 00 Another window appears:
Modulo Factor (e.g. 360.07) 360.0
Tolerance Window for Modulo Start 0.0
Encoder Mask (maximum encoder value) OxFFFFFFFF
Encoder Sub Mask (absolute range maximum value) OxO00FFFFF
Reference System INCREMENTAL' LI
+ | Limit Switches:
+ |Filter:
+ | Homing:
+ | Other Settings:

k]
€ Downoad D[ Upload | [ ExpandAll | [ cCollapsAll | [ Selectal |

Save changes permanently with Save now.

-
Persistent Changes

Changes are temporary and will lost after TwinCAT restart!

To save changes. the configuration must be sawved in the registry

Wait a moment and close the window with OK.

Also check the settings of Channel B.
DDD not show dialog again

B o R . Setting the velocities
@ 008 #B | s o e P P ; ;
i M In the Solution Explorer, open Motion — NC-Task 1
pir=roieskhaioga |l e SAF — Axes — Axis 1 (6).
bl SYSTEM Reference Velocity 0042 287011718799
g rr e e Wy Bl Open the Parameter tab (7).
i NC-Task 1 VB Marneal Velocity (Fast, 105206217304687
i e PR Set the velocities as required.
ciosoiain . ATTENTION: Please ensure decimal points are
fog oement (Bacoard) s used, not decimal commas, as used in Germany!
g
*  Limit Switches:
o
+ | Setpoint Generatar:
= NCIParameter.
Expasd i1 Cotapaad | [ Senam ]

The value change is indicated by the blue colour of

| General | Setings| Parameter| Dynamics | Online | Functions| Coupling| Compensation|

the field.
r Parameter Offline Value
- Velacities:
Reference Velocity 40042.287011718799
Maximum Velocity 36402.0791015625
Manual Velocity (Fast) 36000.0
Manual Velocity (Slow) 360.0
Calibration Velocity (towards plc cam) 364.02079101562498
Calibration Velocity (off plc cam) 364.02079101562498
Jog Increment (Forward) 5.0
Jog Increment (Backward) 5.0
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Parameter Description

Reference Velocity Reference velocity of an analog servo drive

Maximum Velocity Maximum velocity (= maximum value of the field Target Velocity)
Manual Velocity (Fast) Velocity in the manual test menu (F7 and F4)

Manual Velocity (Slow) Velocity in the manual test menu (F2 and F3)

Calibration Velocity (towards plc cam) |Homing velocity

Calibration Velocity (off plc cam) Homing velocity

— The velocities are adjusted and take effect with the next configuration.
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Test mode

To test the TwinCAT project with all its settings on the drive, the settings have to be transferred to the drive.
To do this, the entire system must be configured. After successful configuration, the motor control can be
tested manually in manual mode.

Before commissioning the manual control, it is advisable to check the control status of the drive.

Configure drive

Before you can start the controller, you must transfer the TwinCAT settings to the drive. To do this, activate
the configuration.

-

.

-

Microsoft Visual Studio

% Activate Configuration
(Old Configurations will be overwritten!)

OK l [ Cancel l

r

-

=X=)

Microsoft Visual Studio

'e Restart TwinCAT System in Run Mode

OK

| Cancel

14:10
0B.08.2014

14:10
08.08.2014

Click the Activate Configuration icon in the toolbar.

Activate the configuration with OK.
All settings are applied to the drive.

Start Run mode with OK.

Wait until the blue gear icon in the status bar turns
green. Only then is the application in Run mode.

— All your settings were applied to your drive. The drive is ready for operation.

Servo Drives AX5000

Version: 2.4
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Checking the state
Before you operate the motor control, check the system states of the drive.

i In the Solution Explorer, open I/O — Devices —
FRE I;DII| VEEW ?;{U.'E\'.IHBLIILIJ. DEBUG TWINCAT PAC TEAM 50U TOOLS TEST SCOPE  ANALYZE ° DeVICe1 (EtherCAT) (1)

G-o-@vd X @ - » Atach.. - Reiease - TwinCAT

w@n &2, oo - Open the Online tab (2).
T -4 x [EET—— - All drive devices are displayed (3).
(AR B (=1 e s ew-on- .
slor (cvie P | . The function keys (4) can be used to change the
states of all devices.

i G
To ensure smooth operation, the states of all devices
should be OP (see State status column the table (3)).

Mo Hame Statn

§1 1001 Term2{EL1SSH) oe
2 1002 Tem3{ELISE P
"3 1003 Term4{EXII0} oP ao
1004 Derve S {ANSHO-0000-0203) O

b il SYSTEM
¥ @ MOTION
[l s
B SAFETY
B

< @y

P ill ' 1

+% image-tnto
b2 Synelinits
B Inputs
b W Outputs
b @ infoData
BB Term 1 (EK1200
BB Drive 5 (AXS203-0000

Couster = Cusued
Send Framas WOWE - A
Framas | soc 4 -1
LostFrames 0 =0
TP Emoes ] [

# 3% Mappings
wh NC-Task 1 SAF - Device 1
wt NC-Task 1 SAF - Device 1 |

— Your system is checked and ready for operation.

Activating manual control

TwinCAT has a manual test menu, which allows you to start the drive manually in a test mode. The manual
test menu can be called up either via the drive (Devices) or via the axis configuration.

Manual test menu for drive

In the Solution Explorer, open I/O — Devices —
Device 1 — Drive 5 (1).

Switch to tab NC-B: Online (2) or NC-A: Online (3).

In this case you would test the drive for axis 2 by
selecting NC-B: Online (2). Select NC-A: Online (3) to
test axis 1.

TPt vt

i

 J/JHESEEN B

144 Version: 2.4 Servo Drives AX5000



BECKHOFF

Advanced system characteristics

SCOPE  ANALYZE Wi

FILE EDIT VEW PROMCT BULD DEBUG TWINCAT PIC  TEAM
B-h-@ue Xd
(5 < A < | o

SQL  TOMS  TEST

b Auach.. - Release = TwinCAT RT
CH-0CF334

1 =%

&
Ganeeal | Seangs | Pammeter | I}w\llmc-n:wm Couplng| Compensaion
21.1463 “"

Fee] AcualVelooty sgeas] Selpont Velocity

i O v Lag Distance {mnjma)

bl SYSTEM 00000 {0.000. C00%)
Ovamda: {%] Totml Corerol Cuput r
00000 % 000/ 000 D)
Statn fog) o (phyn ) Esabing
Foandy SETUER = ]

FasdFu
Fased B

Cabbrated
Ha

Cantolles Kv-Factor maisDogea] Fiaforence Volochy eguels]
[ ADO331411132813

Target Poston Degres| egmes]

FE S EEEN B

Tanget Velocity

Setpoint Position gree]
\ 21.1480 0.0000
Lag Distance (minfmax) gree] Actual Velocity: egree/s] SetpointVelocity:  egree/s]
0.0000 (0.000. 0.000) -0.2108 0.0000
Qverride: [%] Total/Control Output [%] Error:
0.0000 % 0.00/ 0.00 % 0 (Ox0)
Status (log.) Status (phys.) Enabling 7 8
[ |Ready [¥|NOT Moving "] Coupled Mode | Controller qp
[ calibrated [Moving Fw []in Target Pos [[IFeedFw —
["Has Job [ Moving Bw [“]in Pos Range " FeedBw,

Set Enabling Li—hj

Manual test menu for axis configuration

In the Solution Explorer, select Motion — NC Task 1
SAF — Axes — Axis 2 (4) or Axis 1 (5). Depending
on which of the two axes is to be tested.

Open the Online tab (6).

Setting the authorization permissions

To operate the motors manually, you have to enable
manual drive control. The control is enabled when
Enabling Controller (7) is activated. In addition, the
drive requires Enabling Feed Fw (7) activated for
forward travel, and Enabling Feed Bw (7) for reverse
travel.

Use the Set button (8) to change the settings.

Use the All (10) button to set all settings and the
override (11) to 100%,
or to set all settings manually:

Tick the individual options (9) to activate them.

Enter the Override value (11).

Override (11) overrides over all previous velocity
limits and indicates the ratio of the respective
velocity. The Override value can be between 0% and
100%.

In the function view, the activated options are

Ny 21,1404 Fentetenxeelindicated by ticks (12). In addition, the Status (log.)
Lag Distance (min/max): gree] Actual Velocity: egree/s] SetpointVelocity, egreefs] (13) has Changed W|th the aCt'Vat'on, and the Overrlde
0007 (0643, 0019) o003 M0 has been entered. The motors are ready for operation
QOverride: [*%] Total / Control Qutput [%] Error. .
100.0000 % 000/ 000% oo and can be controlled with the manual test menu.
Status {log 13 Status (phys.) Enakbling 12
[VINOT Movime || Coupled Mode 7 Controller Set
[ IMoving Fw [|In Target Pos. Feed Fw
[ IMoving By [ ]InPos. Range Feed Bw
— Manual control is activated and can be used.
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N

Manual control guide

The drive can be controlled using the buttons F1 to
o1 {33Q SeomPestion greel F9 and the fields Target Position and Target Velocity.

211415

Lag Distance (min/max): gree] Actual Velocity: egree/s] Setpoint Velocity: egree/s]
0.0051 (-0.043.0.015) -0.3543 0.0000
Qverride, [%] Total/Control Qutput: [%] Error.
100.0000 % 0.00/ 0.00 % 0 (0x0)
Status (log.) Status (phys.) Enabling
[¥] Ready [V]NOT Moving [ Coupled Mode [¥] Contraller Set
[ calibrated ["IMoving Fw []In TargetPos Feed Fw
["Has Job ["IMoving Bw ["]In Pos. Range [¥]Feed Bw
Controller Kv-Factor. reef/s/Degree] Reference Velocity: egree/s]
1 g 40033.1411132813
Target Position: Degree] Target Velocity: egree/s]

4 q

o
w el A H OB Bl 8 ®

The following table provides a brief overview of all manual mode functions.

Function Description
F1 Reverse travel with Manual Velocity (Fast)
F2 Reverse travel with Manual Velocity (Slow)
F3 Forward travel with Manual Velocity (Slow)
F4 Forward travel with Manual Velocity (Fast)
F5 Start a direct travel command
» Enter the Target Position
» Enter the Target Velocity
+ Start the travel command with F5
F6 Stop a direct travel command
F8 Reset the control (if hand control has stopped responding)
F9 Trigger homing (see TwinCAT documentation)
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Typical error messages

TwinCAT Projectl ® X

General | EtherCAT | DC | Process Data | Startup | SoE - Online | Online | Configuration ‘ NC-B: Online [
‘ etpoint Position gree]
. 86.8821
Lag Distance (min/max): gree] Actual VelocTy: 5] Setpoint Velocity: egree/s]

-0.0055 (-2.861.2.785) 0.0000 0.0000
Override: [*%] Total/ Control Quiput: [%] Error: 1
100.0000 % 000/ 0.00%
Status (log.) Status (phys.) Enabling
I:‘Rsady NOT Moving DCuup\ed Mode Cumru\ler Set
[ calibrated [ Moving Fw []In Target Pos [¥|Feed Fw
["]Has Job [[1Moving Bw [#]InPos. Range [V]Feed Bw
Controller Kv-Factor. ree/s/Degree] Reference Velocity: egree/s]
1 g 40033.1411132813
TargetPosition: Degree] Target Velocity: egree/s]
Q 36393
p— = + ++ ® —t
F1 F2 F3 F4 F8 F9

Gamaest | EpaeCaAT | DE |

Linkeg Mo/ CHC anes. Chee
Dewice

Device Info

Power Management

Sadety Option

Display

Digital 11D

‘Watch Window

smap 565.0--:&-!-60«- B Functons | NC:A Dnkew | NG A Fancsons
al 3 hemeBicestic gl

--_'11 7 || Changs P =
x

Diageasics

—

Me11age Fuptack 1" Posten meakd

Ganaral | ERwrCAT |OC | Process Data | S [ SoF - Cries | ks | Corbguraton | NC-B: Orine | M2 Fenchons | NCA Online | NG Funcacns
e phic A | Chasnificaabic Avis 2

Dios Dagnosscs
Device o Mendtn  frs stale st o Conol Bed Pt S6EROR macy
Power Management e
Safety Option Ewore, 12
Dispiay
Digital 1O
Wateh Windeow
3 Channed &
Channel B
Parwrie Dt of e oparabon it fos G2 (5-3-9021)
£ Cpesaticn
4 Diagrentics o Nara
Daghsg | Umai | Dotk | Ampt-T_ | Acxaio | vervd [ Possve | segatw | Pergn
A Amsmemac. @ . N1 Npmd @ 0 e aw
Bl smmc @ . W Nposc. @ . e nm

General | EtherCAT | DC | Process Data | Startup | SoE - Online | Online | Conﬁgurauonl NC-B: Online [

If you are in the manual test menu and the position
value (2) is greyed out, the manual test menu issues
an error message (1), and manual control is not
active. The error message gives no details about the
cause. To investigate further, open the
TCDriveManager via Configuration (3).

In the status bar for the axes, another error code is
shown at Diag Code (4). Check the drive state (5).
Select Diagnostics (6) from the tree structure, in order
to obtain further information about the error. A list (7)
on the right shows the whole error history. This list
can be used to identify the specific cause of the error
message. Update the list via the button with the two
green arrows (8), to show the latest error messages.
Once the cause is identified and corrected, reset the
axis via the R button (9).

After a short time, the error indication will disappear
from the status line for the axis (10), and the drive will
be in OP state (operational) (11).

Update the list of error messages once more (8). It
should contain no more error messages (12).

In the manual test menu for the axis, the position
value (13) is shown in black font once again.

13
etpoint Position gree] )
N 80.3035 wxw  Press the F8 button to reset the error (14) in the
Lag Distance (min/max): gree] Actual Velocity: egree/s] SetpointVelocity: egree/s]
00000 {0.000, 0.000) 0.1442 0.0000 manual test menu.
Override: [%] Total/Control Qutput: [%] Error: 14
00000 % 000/ 000%

Status (log.) Status (phys.) Enabling : H H H

" BINOTMoving || Bl CounlodMode Meonter (55 — The drive is ready for operation again.

[ calibrated [ Moving Fw ["]in TargetPos [C1Feed Fw

[]Has Job [~ Moving Bw []InPos. Range [T|Feed Bw
Controller Kv-Factor: reefs/Degree] Reference Velocity: egree/s]
] 4 40033.1411132813
Target Position: Degree] Target Velocity: egreefs]
0 36393

il el & W BB 8 ®

Fl F2 F3 F4 F8 F9
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10.1.4 Linear motors

10.1.4.1 Commissioning of linear motor axes

Beckhoff Automation GmbH & Co. KG does not sell complete linear motor units. Magnetic plates and coil
parts are offered for sale. The machine manufacturer selects a linear measuring system to suit the
application. The assembly takes place at the machine manufacturer’s premises. This leads to various
selection options, whose results usually cannot be determined until commissioning. For example, the
direction in which the measuring system counts may not be known.

An incremental measuring system is often used with linear motors. This necessitates the use and
configuration of "Wake & Shake".

Requirements for commissioning

XML motor description

The XML description matching the motor is required for the commissioning of a linear motor on the AX5000
servo drive. The associated XML files for Beckhoff linear motors are contained in the TwinCAT setup
(AX5000 Download Package).

XML files for third-party motors!
In the case of third-party motors the required XML descriptions can be generated with the

help of the "Tc Motor Data File Generator".

Note

XML measuring system description

If a measuring system is used, it must also be present in the form of an XML description. Without this XML
description the measuring system does not appear in the TC Drive Manager selection list. A missing XML
description can be generated exclusively by Beckhoff Automation GmbH & Co. KG.

If an incremental (non-absolute) measuring system with sine/cosine or TTL signals is used, a corresponding
system can be chosen as "Unknown" from the list shown below.

Select a Motorfeedback. (SchemaVersion.2.0) ==
[#)- Rotational Motorfeedbacks - oK
() Lingar Motarfeedbacks |

[ Balluff
[#- Beckhaff
[#- Heidenhain
[ Hiwin
[#- Lika
- Molne
[~ Mumerik Jena
[#- Fenishaw L
[#- Schneeberger T
[#- Sick
[#- Siko
(= Unknown
=8 Ozt
[+ 1%pp-Linear-Encader
-- 1Wpp-Linear-Encoder-EAC
- Unknown BiSS-Linsar-Encader
- HALL -Linear-Encoder B
- TTL-Linear-Encoder -
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An overview of feedback systems already used can also be found in the AX5000 system manual. The picture
detail below shows a selection of possible feedback systems that could come into question as a measuring
system.

& infosys.beckhoff.com

BECKHOFF New Auto... k, Beckhoff Information ... Calvin and Hobbes Garfield & Google dict.cc | Warterbuch E... W wikipedia.de - Wikiped... B Beckhoff File-

BECKHOFF Beckhoff Information System

Neuigkeit
rﬂf s o +  AX5000_Systemhandbuch - Version 1.0
[
(@ Embedded-PC
s Feldbuskomponenten F .
e Lineare Encoder
M Start Seite R .
@ Antriebsverstarker AXS000 Heidenhain:
M Ubersicht
@ AX5000 - Digitale Servoverstirker 1. Generation . Versorgungs- .
& AX5000_Systemhandbuch - Version 1.0 Typ System Messschritte spannung Schnittstelle A
& Dokumentierte Servoverstdrker LS 388C Inkremental 20 um 5V 1Vpp 0
[ Vorwort
i Richtiinien und Normen LS 486 Inkremental 20 ym 5V 1Vpp ]
@ Sicherheit
@ Handhabung LS 487 Inkremental 20 um 5v 1Vpp o]
[ Produktibersicht
& Technische Beschreibung LC 483 Inkremental 20 um 36V-528Y EnDat2.1+1 0]
@ Mechanizche Installation Vpp
e ) _ LIDA 477 Inkremental 20 um 5V 1Vpp o
(@ Anschluss mehrerer Serververstarker zu einem Antr
[ Anschlussbeispiel AX5101 - AX5112 und AX520x LIDA 483 Inkremental 20 um 5Y 1Vpp Q
@ Anschlussbeispiel AX5118 - AX5125 und AX5140
M Anschlussbeispiel AX5160 - AX5172 LIDA 487 Inkremental 20 pm 5v 1Vpp o]
M Anschlussbeizpiel AX5190 - AX5191
[ Anschlussbeiepiel AX5192 - AX5193 LIDA 287 Inkremental 200 pm 5v 1Vpp o]
@ Spannungsversorgung (1,5 A - 40 A Gerite)
(@ Spannungsversorgung (80 A - 170 A Gerdte) HIWIN:
[ Ableitstrime
[ EtherCAT Versorgungs-
[a Digitale VOs Typ System Messschritte spannung Schnittstelle A
@ Feedback i
[ Rotatorische Encoder = Magic Inkremental 1mm a8V 1Vpp ]
[ Lineare Encoder
™ X11 und X21: Feedback, hochauflisend lika:
™ Resolver
Commissioning

Motor and feedback selection

The motor should be selected first, then the measuring system. This order ensures that the pole pair
distance of the linear motor is automatically taken into account in the feedback settings of the parameter.

In the case of linear encoders with TTL signals, a distinction must be made between the signal period and
the resolution. The manufacturers specify the resolution when evaluating all edges ("after quadrupling"). For
the AX5000 the signal period must be specified. A measuring system whose resolution is specified by the
manufacturer as 1 um, for example, has a signal period of 4 ym and must be selected accordingly (picture
below):

Select a Motorfeedback. (SchemaVersion.2.0) B %
Universab TTLAumB5Y [ver2.1.35) A oK
Universab TTL - umb-Gvfived [ver.21.35) [—J
Universab TTL-200nm 5 [ver.21.35)

e Univarsak TTL-200mm-Sfived (ver 21.35]

e Univarsak TTL-20um-8Y [ver 2.1.35]

e Univarsal TTL-20um-Bvfied (ver 21.35]
Universal TTL-2um8Y [ver.2.1.35)
Universal TTL-2um Sfixed [ver 2.1.35)
Universal TTL-400nm-5Y (ver.2.1.35] —

e Univarsak TTL-400mm-5fiwed [ver 2.1.35]

e Univarsak- TTL-400um-5Y [ver 2.1.35]

e Univarsak TTL-400um-Sfiwed (ver 2.1.35]
Universal TTL-4nm-5V [ver.2.1.35) L4
Universal TTL-dnm-Svfixed [ver 2.1.35)
Universal TTL-4um-BY [wer 2.1.35)

e Univarsak TTL-4um-5vfized (ver 2.1.35)

n

Type: UnkridT TL-4um Sfised
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Motors with a pole pair distance that is not an integer represent a special case!
It is necessary to specify the "Signal periods per rotation" in parameter P-0-0150.

Sample:

With a pole pair distance of 28.1 mm and a sine period length of the linear encoder of 1 mm, a value of 28.1
would be correct. However, only integer values can be entered there. The Tc Drive Manager therefore enters
the value 28 in P-0-0150 (picture below):

= P-0-0150 Feedback 1type
Manufacturer 0: Unknown manufact...
Feedback type 1: Linear feedback
Feedback type string Unkn#1Vpp-1mm-5Y
Feedback use 0
Feedback direction 0
[+~ Power settings
[=- Process channel
Process interface 1: 5in / Cos with 1V p...
Connector 3: X171 {Front, Encoder...
=- Data
= Sin/Cos
: Signal perods per rotation 28
Length per signal period 1000000 nm
- Sin gain comection 1.000

The feedback gear unit is now automatically activated in order to correct the error described above (picture
below).

Feedback 1 connector
|3: %11 (Front, Encoder, |

......

| Feedbigck 1H m. N —H— Matar

Feedback 1 type: Maotar type:
Unkn#1Vpp-1mm-5Y LDK-ES-0100

Order code:  (LDK-ES-0100
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Scaling factor

The pole pair distance of the linear motor in millimeters is to be entered in the field "Feed constant"(picture
below). After entering the correct “Feed constant”, all positions are specified in mm, all speeds in mm/s. A
non-integer input is possible at this point. 28.1 (decimal point!) is the correct value in the above example.

Rotational position reselution: | 1048576: 2”20 bit ﬂ
Feed constant: mm - | /motor rotation [ Set NC Parameters J
NC scaling factor: | 221 /1048576 mm.Inc

NC modulo scale: | 472545367255

[] Invert NC-Encoder counting direction [ Invert NC-Drive motor polarity

Default parameter settings for inked NC-axis. The value can be changed |ater in MC-axis configuration.

Farameter Value Lnit il
Scale factor numerator: 281 mm.Inc
Scale factor denominatar: 1048576 mm.Inc
Reference Velocity: 110% of Max mator speed 2125715853557 mm.s A
Maimum Velocity: 100% of Max motaor speed 1536.10632145182 mm.s 3
Manual Velocity (Fast): 30% of Max motor speed h80.831556435547 mm.s
Manual Velocty (Slow): 5% of Max motor speed 96 8052660725912 mm.s
Calil:uatin:nn Velocity fowards ple cam): 1% of Max motar speed 15.3610532145182 mm.'s —
Calil:uatiu:un Velocity (off plc cam): 1% of Max motor speed 15.3610532145182 mm.'s
[] Acceleration: with an acceleration time of 1s 2904 1579821777 mm./s% o
4 | 1] | 3

The values are confirmed in the NC with "Set NC Parameters". They are only valid when the configuration is
activated.

Checking the linear encoder

Once the motor and feedback have been selected and the scaling factor has been entered, the configuration
must be activated. Subsequently the measuring system must be checked. The AX5000 must not report any

feedback error when doing this. Please observe the notes in the section “Troubleshooting [»_1607".

Observe the position in the NC. Push the motor by hand during this procedure. The distance by which the
motor is pushed must be correctly displayed in the NC.

If a measuring system is used that can read out absolute and incremental signals, then the absolute and
incremental tracks must have the same counting direction. Therefore, the two tracks have to be compared
beforehand. The absolute position is read by the AX5000 only when switching on/restarting. Then it switches
over and evaluates only the incremental information (sincos or TTL signals).

Important: Up to this step the counting direction should not be inverted via a parameter at any point!
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Now push the motor by hand. While doing this, observe the direction in which the position increases. Switch
the AX5000 to the "Init" state and then to the "Op" state (picture below). Using this procedure the absolute
position is read out again.

I Process Data | Startup | SoE - Online | Online | Drive Manager | MC-B:

el =xMNC: Az 1

% (18 N %, 7 |[CensePreser. 7]

at

o

ChannelB <=>MHC: Awiz #

{Lhange Phase-
Clear Emor
Rotational | Pre-Op

Bootstrap
Feed const Safe-Op

MC scaling EEM. o

MNC modulo scale: | 42945967295

[] Imvert NC-Encoder counting direction
Default parameter settings for linked NC-ads. The ve

Note the absolute position read out. Now push the motor in the direction of the increasing position. Then
switch the AX5000 once again to the "Init" state and then to the "Op" state (picture below). If the absolute
position displayed after this procedure is larger than the one noted beforehand, both tracks are counting in
the same direction.

If a smaller position is displayed, the counting direction for the incremental encoder signals must be
reversed. This should be done by hardware means, for example by swapping the SIN+ and REFSIN signals
in the feedback connector.

Now repeat the test!

[i]

Note

Counting direction doesn’t correspond to the application!

If the counting direction of the linear encoder doesn’t correspond to the desired counting di-
rection in the application, this can be ignored at this point. The necessary settings can be
made at the end of the commissioning. The requirement for this is that the motor drives
without errors.
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Checking the motor phases and the encoder counting direction

If the absolute and incremental positions of the linear encoder have the same counting direction (or if there is
only an incremental position), the phase sequence of the motor can be compared with the encoder counting
direction. This can be checked using the command P-0-0166 "Motor and feedback connection

check" (picture below).

TC3O0nlineSpielerei >

| General | EtherCAT | oC | Process Data | Startup | SoE - Online | Online | Drive Manager | MNC-B: Online I MC-B: Functions | NC-A: Online I MNC-A: Functions

Linked MC/CHC axes:  Channeltc=>NE: duwis 1 ChannelB<=>MC: Auiz 2
22 L|[EEE %0 N ? |[Comgerme -
Tree X
.. Watch window - Commaag IDNs
& C:hannel A P-0-0166 )Motor and feedback connection check (pc) LI Start
= Configuration LwI
- Motor and Fee | | |DNs activated by commands.
[#- Scaling and NC
. Process Data/C Mame ActValue SetValue
- Controller over Electrical commutation offset 270.00 270.00 -
‘.. Pasition co Motor and feedback connection check parameter .
clocity col eMode 0: Rotating vector 0
vy Curment level 500 500
- Current cor| Moving distance 50 S0
.. \V/f control Velocity 10 0 -
. Prebe unit rsvd 0 0 )
... Error reaction rsvd (1] 0
.. Parameter list Resutts
E1- Service functions EqualDirections 0 No 0
. Manual brake d__ Commutation position difference (lectrical) 0.00 0 i
. rsvd 0 ] i
... Drive comman : ) - -
- Calibrate comr J L b
.- Tuning -
- Diagnostics 7
o b - EHs
. | Pz State | Diag Code Diag Msg | Umain QK | Declink OK | Ampl-Te... | Actual op... | ve=v 0 | Positive c... | Negative ... | Per =
Channel A Drive Ready 00000012 R | Ads state machine... » L 308 11: pos ctif... » L L :
Channel B Drive Ready x0000D012 ﬂﬂxis state machine... . . 308 11: pos ctif... . L L i
4 1 | b

If the command P-0-0166 has been selected for checking the motor and feedback connection (picture
above), the input mask of parameter P-0-0167 appears. The parameters in the upper area should not initially
be changed.

The main voltage (e.g. 400 V) must be switched on in order to execute the command. The AX5000 must be
ready but not enabled. The "Diag Code" is 0x0000D012.

' The execution of this command causes a movement of the motor!

° Before confirming the following message with "Yes", make sure that the motor can move
freely and cannot cause any damage.

Attention
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The following message appears during the first execution:

-

P-0-0166

| Do you really want to continue?

Ja [[  Nein

L ~

The linear motor first jerks and then makes a further movement a few seconds later.

If the command was executed successfully, the message "Succeeded to start the command" appears.
Values are hereby entered in parameter P-0-0167 "Results" (picture below).

x|
* | | Command IDNs
IF‘-ﬂ-D'I'EE: Motor and feedback connection check (pc) ;I Start
IDMs activated by commands.
1 Mame ActValue SetWalue Unid
Blectrical commutation offset Z270.00 Z70.00 deg
Mator and feedback connection check paemeter
eMode [ Rotating vector 0
Cument level 50.0 50.0 %
Maving distance 50 50 deg./[
Velocity 30 30 deg/|
revd 1] 0
2 revd 1] 0
= Results
-+ EqualDirections 0
Commutation postion difference (electrical) 1] deg
revd 0 [i]
e revd 0 0
4 4| 1 3
Succeeded to start the command. -

It is important that the result "1:Yes" appears in the setting "Equal Directions" (picture above — red circle). If
"0:No" should appear there, two phases of the motor connection (AX5000 X13/X23) need to be swapped,
e.g.Uand V.

The command can also be executed repeatedly.

m Further information can be found in the parameters:

P-0-0150; P-0-0166 and P-0-0167.

Note
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Determination of the commutation offset

If the order of the motor phases matches the counting direction of the measuring system, the commutation
offset can be determined. In the case of absolute measuring systems, the commutation offset is only
determined once. The value is saved. In the case of incremental measuring systems, the "Wake & Shake"
must be configured. The commutation search then takes place automatically after each restart, when
enabling the servo drive for the first time.

With incremental measuring systems

Attention

' Use of incremental measuring systems for vertical axes!
[ ]

Beckhoff Automation GmbH & Co. KG urgently advises you not to use incremental measur-
ing systems with vertical axes. A reliable commutation search is not possible with this com-
bination!

Parameter P-0-0160 executes the commutation search. The behavior is configured with parameter
P-0-0165. The "Static current vector" method can be used for test drives. It is preferable to use "Wake &
Shake" in operation. It causes less movement of the axis. Both methods are executed using the command
"Start" (picture below — red circle). All settings should initially remain unchanged. The routine must be
completed without error. The message "Succeeded to start the command" (picture below — red circle)

should appear.

TC30nlineSpielerei X

Scope YT Project

| General | EtherCAT | DC

| Process Data | Startup | SoE - Online I Cinline | Drive Manager | MC-B: Online I MC-B: Functions I NC-A: Online I NC-A: Functions

E| Configuration
- Motor and Feec
[+ Scaling and NC

(- P-00165  Commutation offset calibration parameter

Command mode

0: Static cument vector

Linked MCA/CHC axes:  Channelbg=>MNC: Suis 1 ChannelB<=>hC: duis 2
22 L|[EEE | % 58 N ? |[chengehase ~]
Tree x
i) Device * | | Command IDNs
- Power managemer P-0-0160: Calibrate commutation offset (pc) ﬂ Start
- Safety option
- Display |IDNs activated by commands.
- Digital /O
. Watch window DM Mame ActValue SetValue Unit
£}~ Channel A P-0-0057  Hectrical commutation offset 270.00 270.00 deg
- P-0-0058  Mechanical commutation offset 5348 deg

0: Static cument vector

£ Activation 0: Manual
- Process Data/0 Static cument vector :
[+~ Controller oven © i Curertlevel 50.0 2: Rotor orientation only =,
- V/f contral . %~ Duration 3000 3000 ms
- Probe unit - Wake and Shake

- Error reaction /
- Parameter list
= Service functions
- Manual brake c

- Drive commane
- Calibrate comrr

ucceeded to start the command., P

- S

- Tuning

[#- Diagnostics
& Channel B
Fa [ I

After successful execution of the command, the axis can be driven for test purposes; see below. Following a
successful test the entries "Command Mode" and "Activation" in parameter P-0-0165 should be changed to
"Wake & Shake" and "1:0n enable request” respectively.

In most cases the default settings for "Wake & Shake" can be left unchanged. In many applications it is
useful to set the parameter "Commutation pos control: Kp" to 0. Details for this can be found under the
keyword "Electronic Commutation" in the Beckhoff Information System.

Further information can be found in the parameters:
P-0-0160 and P-0-0165.

Note
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With absolute measuring systems

The AL2200-MES-Feedback indicates only the absolute position in relation to a pole pair. Homing is
necessary each time after switching on. The commutation offset only needs to be determined once and
saved. The commutation offset is determined in the same way as with other absolute measuring systems.
For that reason the AL2200-MES-Feedback is not described separately here.

Set the values for "Commutation Mode" and "Adjustable Commutation Offset (mechanical)" in parameter

P-0-0150 (see picture below).

----- Manufacturer 12: Beckhoff
----- Feedback type 1: Linear feedback
----- Feedback type string Beck#ALZZ200MES-BV-1...
----- Feedback use 0: Commutation motorfeed. ..
----- Feedback direction 0: Positive direction
- ravd
- Power settings
[+ Process channel
= Parameter channel
----- Parameter interface 0: Mo commutation interfa..
----- Connector {: Mo connector
----- |dertifier 0
----- Bit resolution singletum position 0
----- Bit resolution multitum position 0
----- Mumber of clockcycles to get singletum position... 0
----- Mumber of clockcycles to get multitum position 0

Digital name plate

0: Mo digital name plate

Commutation mode

Z: Commutation offset 0 deg

Adjustable commutation offset (mechanical)

0.0 deg

Linear resolution about digtal inteface

0 nm

The configuration must be activated to confirm the settings. Command P-0-0166 is used to set the electrical

commutation offset.

A

CAUTION

The execution of this command causes a movement of the motor!
Wait for the message "Succeeded to start the command"!

156

Version: 2.4

Servo Drives AX5000




BECKHOFF

Advanced system characteristics

"Yes" must appear as result under "Equal Directions".

| General | EtherCAT | DC I Process Data I Startup I 5SoE - Online | Cnline | Drive Manager | MC-B: Online | NC-B: Functions | NC-A: Online I MC-A: Functions

Linked MC/CMC axes:  Channeld<=sMC: Auis 1 ChannelB<=>MNC: Axis 2
122 & |EBE %29 Uiy 7 |[Competme -
Tree X
&) Device Command |DNs
- Power management ) -
P-0-0186: Motor and feedback connection check (pe) - Start
.. Safety option I _I l_l
- Display |DNs activated by commands.
- Digital YO
. Watch window IDN Mame ActValue SetValue
- Channel A P-0-0057 |Blectrical commutation offset |'90.00 90.00
__ Configuration (- P-0-0167  Motor and feedback connection check parameter
. . i eMode 0 Rotating vector 0: Rotating wector
=- Service functions Curert level 50.0 50.0
i Manual brake cont Moving distance BD. 9["
Drive commands Velocity 10 £
Calibrate commut; revd 0 0
i Tuning rsvd 0 ]
- Diagnostics Results
£} Channel B EqualDirections 1: Yes 0: No
& Configuration Cordnmutation position difference (electrical) X g.DD
[+ Service functions ::d 0 0
- Diagnostics
4 [ 3
Succeeded to start the command. -
4 m b ~ <

Read the value for "Commutation position difference". Subtract this value from the value in P-0-0057
"Electrical commutation offset". The result, if positive, is the new value for P-0-0057. Add 360° to the result if

it is negative.

Sample:

90° - 121.78° = -31.78°
-31.78° + 360° = 328.22°

The result is the new value for P-0-0057 "Electrical commutation offset". Enter the value in SetValue and
confirm with <Enter>. Confirm the message that then appears with Yes (picture below).

Change SetValue |

|'\

. P-0-0057 is set as STANDARD motor data.
' IL The change may cause unexpected result or even damages.
Are you sure that you want to change the value?

Ja | [ hein

L

A

The new value becomes active immediately upon pressing the download button (red arrow — picture below).

Servo Drives AX5000 Version: 2.4
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| General | BtherCAT | DC

| Procesz Data I Startup | SoE - Online | COnline | Drive Manager | NC-B: Online | NC-B: Functions | NC-A: Online | NC-A: Functions

Linked MC/CHC axes:

Channelt<=>MC: Sxis 1

ChannelB<=>MC: Axis 2

&2 8 EBEE

"E’é E _—.l ‘.j;l 5\., ? | Lhange Phase- -

Tree

X

Safety option
Display

Digital /O

i Watch window
=~ Channel &

-- Configuration
E Service functions

- Tuning
- Diagnostics
= Channel B

-- Configuration

- Service functions
(- Diagnostics

Ll e

=%
OWer I"I"IEI"IEgEI"I"IErIt

Manual brake cont
Drive commands
Calibrate commut;

Command |DNs

IP-CH]'I 66: Motor and feedback connection check (pc)

| Start

|IDNs activated by commands.

IDN

- P-00167

eMode

Cumertt level
Maoving distance
Velocity

rsvd

rsvd

Results
EqualDirections

Commutation position difference (glectrical)

rsvd
rsvd

Name

[ P-0-0057  |Blectrical commutation offset
Motor and feedback connection check parameter

ActValue

SetValue
2822

0: Rotating wvector
s00

L1

k

- %

The value is displayed in the setting "ActValue" after the download is complete. Execute command P-0-0166

again!

The value for "Commutation position difference" should now lie within the range:

355..360=0...5.

If this value is displayed you have successfully completed the commutation search!
The offset value has already been adopted into the startup list with the download button.

If the value lies outside the range, P-0-0057 can be corrected again using the method described. If no useful
value is found, the more detailed check should be performed with the help of command P-0-0166. In this

case, please observe the section: "Checking the motor phases and the encoder counting direction [P 153]".

Note

Further information can be found in the parameters:
P-0-0057, P-0-0150 and P-0-0166.
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Moving the axis for test purposes

Use the jogging buttons of the NC to move the axis at a slow speed. Do not execute the “Reversing
function”. Allow the motor to move by at least one pole pair in order to ensure that the commutation works
properly!

m Lag error if the velocity controller is not optimized!

It is possible for large lag errors to occur as long as the velocity controller has not been op-
timized!

Note » Test the travel movement at slow speeds and low acceleration.

+ Allow a large lag error where possible.

If the axis travels only a few millimeters and then stops while drawing a high current, carry out the
commutation check [»_153] using command P-0-0166.

Determination of the control loop parameters

The determination of the control loop parameters of a linear motor axis is done in the same way as with a
standard axis. For that reason only an abridged procedure is described here.

In most cases the preset proportional gain in the velocity/speed controller is much too small. This is set in
relation to the motor mass. In particular in the case of linear motors, the external mass can be large in
comparison with the motor mass. This case requires a significant enlargement of K.

| General | EtheiCAT | DC | Process Data | Startup | SoE - Online | Orline | Drive Maniager | NC-B: Online | NC-B: Functions | NC-
Linked MC/CHT axes:  Channeld=>MC: Sxiz 1 ChannelB<=:MC: Sxis 2

|£¢+J ’:_'; L |$ "E'{Eu E—.I, ‘Jl % ? |[-D1E|r1ge Phase- v]

Tree x
=- D:E“.fiCE * | | Operation mode |F‘|‘imar;.- operation mode J 11: pos ctd feedback 1lag less
i Power managemer
- Position controller Welocity controller Cument o
i Safety option - | |
..... Digital I/'Q - -
. add» -
----- Watch window
Y - L
=- Channel &

= Configuration Kp (18850 MN¥m/s)
- Motor and Feec ke[ 00 1000/min ﬂm

- Scaling and MNC

- Process Data/Q|= Position o Velocity J’,,,_p
[ Controller over controller —— cortroller L

. \/f control Vact

- Probe unit P act F
- Error reaction /

.. Parameter list

:

=J- Service functions
- Manual brake ¢

. Drive commarn

.. Calibrate comn = =

- Tuning
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Abridged procedure:

1. Set T, to = 30ms (to reduce oscillation of the axis).
2. Start a reversing function at a moderate speed.

3. While the axis is moving, increase K, in the "Controller Overview" window in steps of, for example,
20% up to the oscillation limit. (It is possible to check by axis noise).

4. Reduce Kby about 20% until the oscillation reliably stops.
Also check that the axis doesn’t oscillate when it is at a standstill.

o

6. Reduce T,

A value of between 5 ms and 10 ms is useful if the load is coupled normally.

The value must be increased if oscillations occur.

7. K,= 1 in the position controller is usually okay. Reduce K, (for example to 0.5) if the axis overshoots
the position after optimizing the velocity controller.

K, can also be increased if an overly large lag error occurs.

Troubleshooting

Feedback error

It is important to read all messages in order to identify the causes of errors. In the case of feedback errors in
particular, the AX5000 normally outputs several error messages at once.

Errors in connection with the feedback power supply

Make sure when selecting a feedback system with the designation “Unknown” that the power supply is set

correctly (picture below)!

-

Select a Motorfeedback, (SchemaVersion.2.0)

- Linear Matorfeedbacks
H- AMO
- B allurf
- Beckhoff
-Heidenhain
- Hiwin
-Lika
-MolOne
- Murmerik Jena
- Renizhaw
- Schheeberger
-Sick
Sika
- Unkrnown
- Default

EI 'I'f»-"pp-Linear-Enu:u:n:Ier
: Uriverzal- 1% pp-Tmm-BY [ver. 2.1.41]
Uriversal-Tvpp-Tmm-Byfized (ver. 2.1.41)

m

aF.

Cancel
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If the setting is "5V", the AX5000 expects a sense line to be connected. The setting "5V fixed" must be
deselected if the encoder employed does not have a sense connection.

The selection leads to different settings in the "Power Settings" in the feedback parameter P-0-0150 (picture
below).

P-0-0150 Feedback 1type
Manufacturer 0: Unknown manufact... 0: Unknown manufacturer
Feedback type 1: Linear feedback 1: Linear feedback
Feedback type string Unkn#&TTL-10um-5Voc. .. Unken# T TL-10um-5fied
Feedback usze 0: Commutation motorf... 0: Commutation motofeedback
Feedback direction 0: Positive direction [ Positive direction
= Power settings
----- 7ot s, {2
----- Wait time after power up
Connector 5 X271 (Front, Encoder... 1 EW'IW pin §and 2 )
mm*"
[~ Parameter channel

An incorrect selection leads to AX5000 error messages (see section “Error codes”). [P 161]

Error during activation (enable) of the AX5000

If the shield of the motor cable and/or feedback cable is not connected over a large area with the housing of
the AX5000, this leads to a feedback error in the current feed to the linear motor. The position is then
correctly displayed only when pushing the motor by hand.

The shield of the motor cable is normally connected with a clip to the metal bracket of the motor connector.
The screws of the motor connector (X13/X23) must be screwed to the housing of the AX5000 and fastened
with a tightening torque of 0.6 Nm.

Error codes

Error code Error description
F152 Channel Errors

If only this error is displayed, it is probably a two-channel device and the error cause is
located in the other channel. Otherwise, observe the other error messages!

F702 Superordinate message. Please observe the other error messages!
F70E Superordinate message. Please observe the other error messages!
F707 No feedback voltage

» The power supply is not correctly connected.
* The sense line is not correctly connected.

* No sense connection exists.

FAO1 Initialization error

* Incorrect setting in parameter P-0-0150.
» Wiring error
FA49 Feedback process channel error (1Vss)

The amplitude of the analog signal is too small -> check the connection.
F4AS SoE Communication Parameter Error (see section “Error F4A5 [P 162]”)

Consequential error!
Please contact the Beckhoff applications department if the servo drive displays consequen-
tial errors that are not described in this section!

Note
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Error F4A5 "SoE Communication Parameter Error”

The parameter that caused error F4A5 is output in parameter S-0-0021 (picture below). This can be read in
the Diagnostics window.

TC3OnlineSpielerei

| General I EtherCAT I DC I Process Data I Startup I SoE - Online I Online | Drive Manager | NC-B: Online | NC-B: Functions | NC-A: Online I MC-A: Functions

E Linked MC/CMC axes:  Channelbe=>MC: Axis 1 ChanrelB<=>MC: Axis 2
22 LIEEE % 3 NS 7 |G ]
Tree x
- Device Diagnostics
" Channel & Message: Feedback process data channel init emor Reset
=8 Channel B e
(}- Configuration . __EFPFCOd'?_____ EmorMessage
-- Motor and Feet L ._CPF[H]}DFME!-._:\'SOE Communication: Parameter emar
[- Scaling and NC b0000F152  Initialisation of the feedback: Command failed
Process Data/Q (<0D000FADT  Feedback process data channe! init emor
Controller over,
//f control
Probe unit
... Error reaction /
.. Parameter list
[ Servicefu U_t_‘_tjons
@ Diagnostics
e o T G
[1DNdist of invalid operation data for CP2 (S-0-0021) -
] — Name
(PO0150 ) Feedback 1type
N N

In this case F152 and FAO1 are consequential errors of F4A5. The cause of the error is an incorrect setting
in parameter P-0-0150.

P-0-0150 Feedback 1type
Manufacturer 0: Unknown manufact... 0: Unknown manufact...
Feedback type 1: Linear feedback 1: Linear feedback
Feedback type string Unkn#1Vpp-Tmm-5WFoc... Unken#1Ypp-Tmm-54Fi...
Feedback use (: Commutation motorf... 0: Commutation matarf ...
Feedback direction [ Positive direction [ Positive direction
[#]- Power settings
[=)- Process channel
Process intefface 1: 5in / Coswith 1V p... 1: 5in / Cos with 1V p...
Connectaor 5. ¥21 (Front, Encoder... 5: ¥21 (Front, Encoder...
=- Data
= Sin / Cos
Signal periods per rotation 0 0
Length per signal period 1000000 1000000 nm
5in gain comection 1.000 1.000

A value > 0 must be entered for "Signal periods per rotation" (picture above). This takes place automatically
if, during the configuration, the motor is selected first and then the feedback.

The correct value is the pole pair distance / ("Length per signal period")

Sample:

Signal periods per rotation = 24mm / 1000000nm = 24
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The error message F4A5 can also occur with a reference to parameter S-0-0113 "Maximum motor speed™:

TC30nlineSpielerei ¢ Rl R AR Y (+][as

MNC-B: Functions | MC-A: Onling | MC-A: Functions
Genersl | EtheCAT | DC | ProcessData | Statup | SoE-Online | Onlne | Drive Manager NC-B: Online
Linked MC/CHC axes:  Channeltg=3MC: fxiz 1 ChannelB<=:MNC: Axiz 2

|§in&.|"§:§ 4p 0 5] W N, ?H-ChangeF‘hase- v]

Tree 4
[ Device Diagnostics
EI C_hﬁﬂﬂE| A Message: EQE Communication: Parameter emor Reset
i [ Configuration List-
-- Service functions - EmorCode EmorMessage
.. Diagnostics QQEEDDI]FW_F:L_ The maximum feedback frequency is toa high.
.. Channel B { {b-_:q'D'D'E-l&_S__.:"SoE Communication: Parameter emor
€| 1 3
|DMHist of invalid operation data for CP2 (S-0-0021) v]
ID_N _ Mame
S{H}‘l 13___“ Madmum mataor speed

In this case the additionally occurring error message FD15 allows a conclusion to be drawn about the cause:
the selected measuring system and the maximum velocity configured in S-0-0113 result in a too high input
frequency at the encoder input (X11/X21).

Sample:

Measuring system with 20 ym signal period. Maximum travel speed of the motor = 12 m/s.
12 m/s : 20pum = 1000000 1/s = 1 MHz

The max. permissible input frequency for sine/cosine signals at X11/X21 is 250 kHz.

Remedy: Reduce the value of S-0-0113. The maximum possible speed of the motor is required only in very
few applications.

Note: The value of the max. speed is shown in the parameter list in rpm. In the case of linear motors 1 rpm is
one pole pair distance per minute.

5400113 Maximum motor speed 30000 30000 pm

Conversion of the displayed value for a motor with a pole pair distance of 24 mm:
30000rpm *0.024m /60 =12 m/s
m Further information can be found in the parameters:

S-0-0021 and P-0-0150.

Note
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Error F107 "Status of the axis: current controller not ready”
If this error appears, the entry "Commutation Mode" in parameter P-0-0150 must be changed from "No

commutation” to "2:Commutation Offset 0 deg" or "3:Adjustable mechanical Offset". Refer also to section
"Determination of the commutation offset".

= P00150 PS D69 Feedback 1type

----- Manufacturer {: Unlkcnown manufacturer
----- Feedback type 1: Linear feedback
----- Feedback type string Unkn#1Vpp-20um-5'foeed
----- Feedback use {: Commutation motorfeedback
----- Feedback direction [ Positive direction
- rsvd
[ Power settings
[+ Process channel
= Parameter channel
----- Parameter interface {: Mo commutation interface
----- Connector {: Mo connector
----- |dentifier 1]
----- Bit resolution singletum position 0
----- Bit resolution multitum pesition 0
----- MNumber of clockcycles to get singletum positi... O
----- MNumber of clockcycles to get multitum position 0
----- Digital name plate {: Mo digital name plate
----- I N e S o cormitaion positor [
----- Adjustable commutation offset (mechanical) i No commutation position ideg
= e ————————= 1: Feedback commutation offset

; il 2. Commutation offset 0 deg

3 Adjustable mechanical offset |

0 Nature and source of the danger
[

The setting "0: No commutation position" is intended to prevent an axis being inadvertently
activated and then moving in an unforeseeable manner or "running away". If not already
Attention | done, it is essential after the change to determine a valid commutation offset before the
axis is activated (enabled).
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Checking the motor connection and feedback

The motor can execute a defined movement independently of the feedback on the basis of command
P-0-0166. If the movement is observed (e.g. with the software oscilloscope), conclusions can be drawn
about the feedback settings.

MC-B: Functions I MC-A: Online | NC-A: Functions
General | EtheCAT | DC | ProcessData | Statup | SoE-Online | Online | Drive Manager | NC-B:Cnline
Linked HC/CHC akes:  Channeld<=>MC: Awiz 1 ChanhelB<=xMC: fAuiz 2

Pl Y ? H-C?'lange Phase- v]

22 8| [EEE
=

Tree
=- D:e-.rice Command IDMNs
Power managemet| | [b_,0165: Motor and feedback connection check (pc) > stat
Safety option
Display IDMs activated by commands.
Digital /'O
- \Watch window DM Mame ActValue
- Channel & P-0-0057  Electrical commutation offset 270.00
& Configuration = F‘1'E? Motor and feedback connection check parameter
. . eMode 0: Rotating vector
[=- Service functions Cument level 50.0
- ~Manual brake c Maving distance 351]
D Voo u
- Calibrate comn revd 0
- Tuning rsvd 1]
(- Diagnostics Bk Results
G- Channel B Equal Directions 0: No
Commutation position difference (glectrical) 0.00
e rsvd 0
“e mavd 0
4 i | 3
1 ] b i <

Enter a value of 360 degrees in parameter P-0-0167 in the setting “Moving distance”. On execution of
P-0-0166 the motor is then moved by one electrical revolution. In the case of linear motors this corresponds
to one pole pair distance. Since the motor executes an undefined movement before that, it is a good idea to
record the complete movement with the software oscilloscope.
The following signals should be recorded:

» Torque Feedback (S-0-0084)

 Position feedback value 1 (S-0-0051)

* ActPos (from the NC)
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Selution Explorer ~ & X TC3OnlineSpielerei Scope ¥T Project X
Chart 4
A Solution ‘TC3OnlineSpielersi' (2 projects) Start 14-3«;-12,533| End: 14:36:24,630 ‘ Pos: 0,00:00:00,000 | Time: 14:36:12,588 | Date: Freftag. 19. Februar 2016
4l TC30nlineSpielerei - - L -
- @ svsTem bl | u.mmwa.cm| 44 b b |u.mmm.um |@ o |@¢, TENDER oW
500,04
450,0 J
300,0 - /
> Evo /
a TwinCAT Measurement Project3 150,04
a Scope ¥T Project T 4
4 & Chart 7
4 E Axis -150,0
E Torque/force feedback value
4 & Axis(l) 875000
|
E Position feedback 1 value s P
4 fos Adis() e
FH ActPos 370000 s
4 H: Cursor o~
b C 120000 4
-
. cm -130000 4 \ . o
Tk Trigger
-375000
v () | & 2
Status Times C col-cC
Absolute Position 14 . 04:448 445
Record Position 04:448 44 /
Chart Position 04:448 445 /
== ¥
Channel C co cal-c i : : i i i . i i X
@] Torquesforce feedb v s 0s  1,300s  2,600s  3,900s  5,200s  6,500s  7,800s  9,100s  10,400s 11,700  13,000s
¥ Position feedback 1 value ;
[¥] ActPos
ll
i File L. Celumn Project e~
o Y-Auxes ISLIUULEU LIVURS, FIULESS UaLa 3y 1ot GHLaLU ] 3L -

If the motor doesn’t move by the expected pole pair distance, check the value entered in parameter
P-0-0125 (Pole pair distance).

The jerky movement at the beginning (picture above — red arrow) is not included in the observation. The
motor aligns itself via the poles.

From the current curve it can be seen that the value initially ramps up and is then kept constant for a while.
During that time the direction is electrically turned once. The value set in parameter S-0-0051 should
increase by approx. 2%° (1048576) increments. The NC position (ActPos) should increase by the value of a
pole pair distance. In the example the values are sufficiently precise with 1020612 and 23.357.

If the increase of S-0-0051 differs considerably from 22°, the resolution of the linear encoder has not been
entered correctly.

If S-0-0051 proceeds correctly but ActPos displays a wrong difference, the scaling factor has been set
incorrectly.

The connection of the motor phases must be checked if the movement does not proceed evenly, but only a
jump takes place, for example.
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10.1.5 Third-party motors

10.1.5.1 Commutation offset for third-party motors

10.1.5.1.1 Preliminary remark

This section provides information on checking a direction of rotation and determining the commutation offset
for third-party motors.

Please observe the following notes:

A commutation offset can only be determined and stored for motors with resolver, absolute encoder (single-
or multi-turn) or the part-absolute MES.

For incremental encoders (sine/cosine or TTL signals) the “Wake&Shake” routine must be configured. This is
necessary, since in this case the commutation offset is not constant. The “Wake&Shake” routine
redetermines the commutation offset after each start.

Do not use the electronic name plate!
If a motor with an EnDat or BISS encoder is used, we advise against not using an elec-

tronic name plate.

Note
' Inversion of the count direction
° All direction settings must have their default values. Do not invert a count direction before
the correct commutation angle was determined!
Attention

The offset to be determined can be a mechanical offset relative to the rotor position or an electrical offset
relative to the electrical rotation. Both procedures are explained below.

m Further information can be obtained in the parameters:

P-0-0057, P-0-0058, P-0-0150, P-0-0160, P-0-0166, P-0-0167
Note
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10.1.5.1.2 Checking the direction of rotation

a B3 Drive 7 (AX5206-0000-0210)
4 AT1
21 Drive status word
@Dsitiun feedback 1 valu
! Following distance
s AT2

Geners | BnerCAT | 0C | Process ota | Swmp | SoE - Orine | nieg | Ditve Manoger | 8C8: Oring | NC4: Functiors | NG+ Orine | NG Functions
Linkad NCANC move  ChannsificsaMC fuag |

2% & |[EE 5

Charnsl o NC Ao d
o | T Y 7 | [eweihae  +

Please note that for proper operation the count
direction of the feedback system must match the
sequence of the motor phases.

Turn the motor shaft clockwise, viewed from the A-
side. The parameter “Position feedback 1 value” (see
lower image) should be positive. If this is not the
case, the sine and cosine signals at the motor should
be swapped.

If the motor has a holding brake, it can be released in
the TCDriveManager under “Service functions/
Manual operation” (see lower image).

Now use the command P-0-0166 to check the
counting direction of the feedback system and
whether it matches the connection of the motor
phases.

Motor movement!

CAUTION

you start the command P-0-0166!

When you check the counting direction of the motor with the command P-0-0166, the motor
will move. Therefore, please keep a safe distance from the motor with all body parts before

The AX5000 must be set inactive without error (diag

-1 code = 0x0000D012).

After selecting the command P-0-0166 press “Start”.
Confirm the selection (Do you really want to
continue?) with “Yes”.

The command P-0-0166 was successfully completed
when the message “Succeeded to start the
command” appears in the context menu.

The verification result can now be read in parameter
P-0-0167. If the “Equal Directions” selection area
shows 0: No, change the order of the motor phases

| (The direction of rotation of the feedback system was

already checked and possibly corrected in the
previous step).

tor connection.

Note

Please do not use a TwWinCAT setting to change the motor phases at the mo-

Swap motor phases U and V, for example, at the motor connector plug (X13/X23).

If the “Equal Directions” selection area now shows 1:Yes, the commutation offset can be determined based

on one of the following methods.
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10.1.5.1.3 Determining the electrical commutation offset

Command IDHs
P--0166: Motor and feedback connection check (pc) ] [ st
IDNs activated by commands
DN Name ActValue SetValue Unit
P-0.0057 | Blectrical commutation offset 90.00 90.00 deg
-P-00167  Motor and feedback connection check parameter
eMode 0:Rotating vector 0
Curent level 500 500 %
Moving distance % £ dea/p
Velocty 30 30 deg/(
rsud o 0
rvd o 0
= Results
. EqualDirections 1: Yes 0
Commutation posiion difference (dlectical) 17857 0 deg
rsud o 0
revd 0 0
<] i 5
Succeeded to start the command. -
= g

Gonerw | EwrcAT | 05| Procews Do | Sioti | 50 -G | Gring | Drve Marwger [ Grioe | NGB, Furcters | NG Driem | A Futorn
Lrhed HO/CHE amor.  Charesifi=d N Ao 1 Darrnl ool A 2
gg:@: G0 YA, 7 | [Oweme =
Tme X R
- Deace | Comurz tn.
Channe & IFan —_—
POQ6E Meter ard foedlith airrecton © ] -
b ot ' v L e ]
Manus beske sentrol -
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Execute the command P-0-0166 (see section
“Checking the direction of rotation”). To determine the
commutation offset we need the current value from
parameter P-0-0057 and the current value from
parameter P-0-0167:

Read the value for “Commutation position difference”.
Subtract this value from the value in P-0-0057
“Electrical commutation offset”. If the result is
positive, this is the new value for P-0-0057. If the
result is negative, add 360°.

Sample:
90° - 178.57° = -88.57°
-88.57° + 360° = 271° (fractions can be neglected.)

The result is the new value for P-0-0057 “Electrical
commutation offset”. Enter the value at SetValue and
confirm with <Enter>. Confirm the message that is
displayed with <Yes>.

Pressing the download button (red circle) activates
the new value immediately.

The value is displayed in the setting “ActValue” after
the download is complete. Execute command
P-0-0166 again!

The value for “Commutation position difference”
should now lie within the range: 355 ... 360 =0 ... 5.

355...360=0... 5 liegen.

If this value is displayed you have successfully
completed the commutation search! The offset value
has already been adopted into the startup list with the
download button.

To use the commutation angle, the “Commutation
mode” must be changed in parameter P-0-0150:

Change the entry “Commutation mode” to
“3:Adjustable offset”. Then reactivate the TwinCAT
configuration.

After changing the “commutation mode” once, this
method has the advantage (compared with the
mechanical offset) that the offset (P-0-0057) can be

: b g === | changed at any time without having to restart the
- - w== | | SYsStem.
T N (Y T T vl s | Carci|
e e es 2o et
Feains Pl o Vs e (s A P L 1
Db medind by Telervablarcigur ¥ Srorw oy the dffesence l
ﬁ . — re—— =
2 e L o [ POOTS0  Feedack Thee yrvepre| I
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10.1.5.1.4 Determining the mechanical commutation offset

Abridged procedure:

Adjustable commutation mechanical value!

Before determining the mechanical commutation offset, check whether the value “Ad-
justable commutation mechanical” in P-0-0-0150 is set to 0. If this is not the case, set the
value to 0 and activate the TwinCAT configuration. Then perform the steps described be-
low.

Note

1.) Run command P-0-0166.
2.) Press the "Download" and "Start" buttons. Wait until the

Command IDNs

\P-0-0160: Calibrate commutation offset (pc)

Sl

IDNs activated by commands
DN

Name ActValue SetValue Unit

"Suceeded to start the command" appears.
3.) You get a new value in parameter P-0-0058 "Mechanical com-
mutation offset". Remember this value.

. 4) Open the "Startup list". Open the parameter structure P-0-0150.
PONES Commssmon oo cobemempareter s Open "Parameter Channel".
5.) Set parameter P-0-0150 "Feedback 1 Type" in "Commutation
mode": 3 Adjustable offset.
6.) Change the value in P-0-0150 "Feedback 1 Type" in the "Ad-
Ry | TS justable commutation offset (mechanical)" to the value which you
RSl — — T have previously read in parameter P-0-0058.
[ Erm: = oo Confirm with OK and activate the configuration in the TwinCAT

System Manager.

10ih modfend by TelkveMarager
1N
8 !ro_ml_s_n Foaciack 1 type

7.) Change to the "Drive Commands" tab and execute command
P-0-0166 "Motor and feedback connection check".

o W a0 et Vo e e
(T b Vo Pt o By FoCll E T oo B S

[rsi T h s —— T -
N

& O0F G EB AV addnp s

8.) Leave the default values and confirm with Start. If the message
"Suceeded to start the command" appears, open the parameter
structure of the P-0-0167 "Results".

“Equal direction" must be "Yes" and "Command position differ-
ence" must be between 355 ° and 360 "(0 ° ... 5 °).

Motor movement!

If you execute the command P-0-0166, the motor performs a movement. Therefore, please
keep a safe distance from the motor with all body parts before you start the command

CAUTION | p-0-0166!
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10.1.5.1.5 Configuration of the Wake&Shake routine

A configuration requirement is that the count direction

o S s e G Sl >+~ = i A of the feedback system matches the sequence of the
| [a=HEREY PR motor phases.

e Details of the process for finding the commutation

with “Wake&Shake” can be found in the Beckhoff
Information System under the keyword: "Electronic
| P20 M i commutation”.

IDNs activated by commands.
IDN

This section only contains a brief overview.

. The command P-0-0160 executes the routine. The
type of execution can be set in parameter P-0-0165.

For “Command mode” you can select between: Static current vector and Wake and Shake.
« 0:
o 1:
auswahlen.
The “Static current vector” procedure results in a larger motor movement. It can be used for testing.

The “Wake and Shake” procedure minimizes the axis movement. This procedure is the one that tends to be
used in practice.

Both procedures determine a commutation offset, although this is not shown in parameter P-0-0058. This is
due to the fact that a new value has to be determined at each restart. This value depends on the axis
position. The numerical value is therefore meaningless for the user.

The result can then be checked with the command P-0-0166. Both procedures should initially be performed
with the default values.

The setting “Activation 1: On enable request” has the

o L] o] D Dt LSO i i ] D effect that the AX5000 automatically executes a
2 - EL LS EeTT commutation search with the first enable after a

Tree % | z

restart.
With "Wake and Shake" it often makes sense to set

& Dence !Ceﬂ—m Dt
Channel A | [F-00160 Caltrate cxrremotin et )
 Configuration |
4+ Meter and Feedback | | i0iig petroted by commardis

. fhims Aok Seale Uk "Commutation pos control: Kp 0", in order to avoid
POO0ST  Becticsl commutabon offset Pl deg .
el i ol execution errors.

M_ mmde I“NN-:‘;

. !

Satic cument vector

Wake and Shake

Fr phase cumert level L

Frat phase ramp o tme 1m

Sacand phase cumene level 50

10.1.6 Homing

10.1.6.1 Homing

Homing refers to an axis initialization run during which the correct actual position is determined by means of
a reference signal. This procedure is referred to as homing, referencing or calibration. A switch that is
triggered at a known, unique position along the travel path serves as reference signal. Further signals such
as the encoder zero track can be analyzed in order to increase the precision.

In general a distinction is made between drive-controlled homing and NC-controlled homing. Drive-controlled
homing is carried out automatically by a suitable drive without input from the control system and is not
discussed in detail in this documentation. NC-controlled homing is fully controlled by the control system and
supports a wide range of drive types. The different NC-controlled homing mechanisms are described below.
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Position reference systems and encoder systems

A distinction is made between different position reference systems (measurement systems), depending on
which position measuring system is used. An absolute measurement system provides an absolute position
(directly after switching on) that is unique over the whole travel path. Such a measurement system is
calibrated once and set via a persistently stored position offset. In this case homing is not required even after
a system restart. In contrast, relative measurement systems provide a non-unambiguous position value (after
switching on) that must be calibrated through homing. Relative measurement systems are subdivided further
into purely relative systems (incremental encoders) and part-absolute systems, which only provide a unique
position during a motor or encoder revolution.

» Absolute position - e.g. multi-turn encoder
o BiSS
o EnDat
o Hiperface
o SSI
» Part-absolute position - e.g. single-turn encoder
o BiSS
o EnDat
o Hiperface
o MES (Beckhoff)
> Resolver
» Relative position - incremental encoders
o Sine / cosine (sine 1 Vss)
o HTL (rectangle)
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General description of a homing procedure

Figure A shows a schematic diagram of a homing procedure with individual velocity profile phases.

When the machine is switched on the axis is in a random position (1).
Homing is initiated, and the axis travels towards the reference cam.
Once the reference cam is detected, the axis stops and reverses.

The axis moves away from the reference cam and detects the falling edge of the reference cam sig-
nal.

5. The axis continues and searches for a sync pulse or another distinctive event, depending on the refer-
ence mode setting. This step may be omitted where appropriate.

6. The occasion is detected and the specified reference position is set.

7. The axis stops and thus stands slightly away from the reference position. The reference position was
set a short while before with maximum accuracy.

rownN -~

Figures B and C show the position and velocity profile during homing.

End position switch

Axis
A)
Touch probe signal
é in the drive
NC cycle
Position
B)
bt
0 © @ 0
v | : i 1 : :
I 1 I [ 1
: | o
C) I I I | o l
| | 1 | 1 | 1
| | 1 1 1 1 1
| ] 1 : : : ] -
| : : \ I 1 :/: t
I I I I 1 1
| | 1 | 1 1 1
| | 1 | LI 1
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Referencing modes

The NC system supports different referencing modes, depending on the encoder system type.

* Homing based on reference cam (Plc Cam)
The simplest axis referencing mode uses a reference cam that generates a digital signal at a defined
position along the travel path. During homing the NC determines the signal edge and allocates a
configurable reference position to this position. Referencing based on a reference cam is always
possible, irrespective of the encoder type, and is a prerequisite for other, more precise modes.

Software Sync

Software Sync mode enhances the homing precision by additionally detecting the encoder count
overflow after an encoder or motor revolution, after the reference cam signal has been detected. This
mode requires a part-absolute encoder (e.g. resolver) with constant overflow interval relative to the
reference cam. Overflow detection is parameterized via the Reference Mask parameter (see System

Manager section).
Hardware Sync

Some encoder systems provide a sync pulse per revolution (zero track) in addition to the count. The
homing precision can be enhanced by selecting this mode, if the encoder evaluation logic is able to

pick up the sync pulse. The precision is comparable with Software Sync. Hardware Sync mode may
require parameterization or special wiring of the drive or encoder system.

Hardware Latch

Hardware Latch reference mode (Hardware Latch Pos or Hardware Latch Neg, depending on edge)
requires an external digital latch signal for storing the encoder position in the evaluation unit of the
encoder system. The encoder system must support such a latch function and may have to be
configured first in order to be able to utilize this function.

Absolute encoder system

Part-absolute encoder sys-
tem

Relative encoder system

NC Referencing not required Recommended reference Recommended reference
mode SoftwareSync mode HardwareSync
(also possible: PlcCam, (also possible: PlcCam)
HardwareSync)

Drive Referencing not required Drive setting not required Drive parameterization

required
(for Sercos/SoE see Probe
Unit)
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Parameterization in the System Manager

P

. Homing.tsm - TwinCAT System Manager El@
Eile Edit Actions Yiew Options Help
D ww | S [ 2 Q[0 6] o
SYSTEM - Configuration = | = : I e | G|D|IIE||| : " || = | o |
| NC - Configuration Ener -Encoder ncremental | Sercos | Onlins
j=-[B1 NC-Task 1 SAF ENCODER-Mode E 'POSVELO
e MC-Task1 SVE Invert Encoder Counting Dlirection B FALSE
Tl Scaling Factor F 0.0001 mm/INC
+ NC-Tesk 1-fmage Position Bias F 0.0 mm
i Tahles Modulo Factar {e.g. 360.07) F 2360.0 mm
EI:‘* foes - Tolerance :'-'u'indcnw fu:n_r_Mu:u:Il__lIu:_n Start F 0.0 mm
: fkis 1 EMABLE: Min Soft Position Limit B FALSE
'-:-'H' £ - Software Position Limit Min F 0.0 mm
-, EMABLE: Max Soft Postion Limit B FALSE
: Boie LB - Software Posttion Limit Maox F 0.0 mm
E-2e Ais1 Drive Filter Time for Actual Postion {P-T1) F 0.0 s
i T, Aoz 1_Ctrl Filter Time for Actual Velocity (P-T1) F 0.01 2
QT Inputs Filter Time far Actual Acceleration (P-T1) F 01 1
‘l Outouts Encoder Mask [Maximal Value) r [ IxD03GEETF
G- e Lutputs ENABLE: Actual Position Comaction B FALSE
[+ Axis 2 Filter Time Actual Position Comection (P-T1) F 0.0 2
PLC - Configuration Reference System E INC
: Cam - Configuration
/0 - Cenfiguration
Elﬁ I/0 Devices -
! BB Devicel (EtherCAT
.I. Device 1-Image Download Upload Select Al
-.=¥a Device1-Image
[ QT Inputs b
R
Ready Local 17216.51831.1)  Stopped

Reference System : The encoder parameters Reference System determines whether the encoder system
used is incremental or absolute. In an absolute encoder system the encoder value is taken from the control
system without modification.

Not all NC encoders support this optional parameter, i.e. only those types that offer a choice between

absolute and incremental encoder reference system (measurement system) support it (e.g. SERCOS,
KL5001, M3000, ProfiDrive, Universal). This choice determines whether the actual encoder position is
interpreted and evaluated as an absolute or incremental position, based on an absolute or incremental
reference system (measurement system).

In an absolute reference system no further processing takes place with regard to encoder counter value
overflow or underflow. It is assumed that the counter value is unique within the axis traversing range and no
encoder counter value overflow or underflow occurs. Otherwise there would be a discontinuity in the actual
position, resulting in a position following error. Axis referencing via MC_Home is not possible. Instead, the
actual position is calibrated once via the parameter Position Bias (zero offset / position offset).

In an incremental reference system axis referencing via MC-Home is generally required. In addition the NC
automatically detects and accounts for encoder counter value overflow or underflow events, so that
continuous axis operation is possible over many months ("infinite range").

Encoder Mask (maximamum value): The encoder mask determines the bit width for the incremental
encoder position. The encoder mask is used for detecting and counting in range overflow events.

Scaling Factor: The scaling factor is multiplied by the incremental encoder position, including all overflows.
From this an absolute axis position can be calculated with the parameterized physical unit.

Position Bias (zero offset): Position offset; moves the axis coordinate system relative to the encoder
coordinate system. This value is mainly used in absolute encoder systems. In relative systems an offset is
usually not required, since the system moves to a parameterized reference position after homing.
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Invert Encoder Counting Direction: The encoder count direction can be inverted if it does not match the
required logical count and travel direction.

. Unkenannt - TwinCAT Systemn Manager El@
Eile Edit Actions Yiew Options Help
NEEE SR =082 @D [ Bavydadts o e 2 Q@6
SYSTEM - Configuration =
i MC - Configuration

| General I MNC-Encoder | anl:uall ll'lCI'El'ﬂEI'ﬂEI|| Sercos I Onlinel

=-[B1 NC-Task 1 SAF Invert Dirsction for Calibration Cam Search

= B FALSE
iJB1 MC-Task1 SVE Invert Direction for Sync Impuls Search B TRUE
Tl Calibration Value F OO mm
+ NC-Task 1-mage Reference Mode E 'Default
[ Tables Refersnce Mask (e.g. for Software Sync) D CeDOOFFFFF
E:a Axes
- A Axis 1

-4, Axis1_Enc
-] Axis 1_Drive| =
i, Axis1_Ctrl
QT Inputs
‘l Outputs
PLC - Configuration

s Cam - Cenfiguration
[0 - Configuration

Elﬁ 170 Devices
. =5 Devicel (EtherCATL
=¥ Device 1-Image
== Device 1-Image Download Upload
-t Inputs
: - @l Outputs -
£ R i | 3

Ready Local 17216.51831.1)  Stopped

Reference Mode : Referencing mode as described above (Plc CAM, Hardware Sync, Hardware Latch Pos,
Hardware Latch Neg, Software Sync). The default mode corresponds to Plc CAM mode.

The Reference Mode parameter is used to specify the type of reference event (physical or logical event) for
the referencing process. Depending on the parameterized reference mode, during the referencing procedure
either the hardware property of the drive or encoder (e.g. hardware latch) is used, or the reference event is
exclusively detected within the control, i.e. without further hardware reference.

Reference Mask: The reference mask parameterizes overflow detection for Software Sync reference mode.
It is less or equal the encoder mask and defines an encoder value range, which is part-absolute. Examples
include the bit width of a motor revolution or the bit width of a sine period in a sine/cosine encoder. Software
Sync therefore always detects the same overflow position in a part-absolute encoder system.

Calibration Value: Reference position to which the axis position is set after homing.

Invert Direction for Calibration Cam Search: The parameter inverts the axis travel direction for searching
the referencing cam during homing. The standard direction is negative, i.e. towards the axis coordinate
system origin.

Invert Direction for Sync Impuls Search: The parameter inverts the axis travel direction for searching the
sync pulse during homing.
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Referencing of coupled axes

TwinCAT enables axis coupling during referencing. The coupled axes do not necessarily have to be
referenced. Axis coupling enables referencing of gantry axes, for example, provided the system can ensure
that the two axes are suitably oriented relative to each another before homing. In this case the procedure is
as follows:

» Ensure that both axes can be moved in coupled mode. (Position comparison is not possible at this
stage, because none of the axes is referenced.)

* Couple axis 2 with axis 1.

« Start homing for axis 1. Slave axis 2 will travel with axis 2.
« Decouple the axes after the homing procedure.

* Couple axis 1 with axis 2.

« Start homing for axis 2. Slave axis 1 will travel with axis 2.
» Decouple the axes after the second homing procedure.

* Move both axes to a set position for alignment. The travel path for both axes should be minimal and
may correspond to the mean value from both positions, for example.

* Couple the axes. The coupled system is now referenced.

Programming a homing procedure in the PLC

MC_Home

The MC_Home function block is used to initiate homing from the PLC. The reference mode and further
parameters are configured in the System Manager as described above. Only the reference cam signal
(bCalibrationCam) is fed into the block.

MC_Home
—Execute Done—
—Fositian Busyr—
—Hominghode Activer—
—Buffertdode CommandAborted—
—bCalibrationCam Error—
—Axis B ErrarlD—

Drive types and I/O interface

Homing is largely independent of the drive types used. In some cases the drive has to be parameterized,
particularly if a drive latch function is used. The following chapter describes the version with the AX5000.
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10.1.6.2 Special characteristics in hardware end positions

If a SERCOS or SoE drive (e.g. AX50xx) is in a hardware end position (positive or negative), the drive blocks
further traversing commands in end position direction and beyond the end position (see also bit 3, drive
follows command value, in the SERCOS status word), and is therefore no longer operational from a control
system perspective. This means that, without special measures, the axis can often no longer be moved from
the end position into the valid traversing range via TwinCAT or the control system. This situation is
particularly likely to occur with drives in the velocity interface, because in this case the position control leads
to frequent changes in direction in the drive velocity output.

In order to rectify this special situation, a control bit in the PlcToNc axis interface (see bit 8 called
AcceptBlockedDriveSignal in nDeCtrIDWord) can be used to force TwinCAT to accept the AX50xx axis as
operational and therefore enable a move from the end position into the valid traversing range.

In the past, in many cases the only alternative was to mechanically move the axis away from the end
position.
NC interface

PlcToNc axis interface, bit 8 called AcceptBlockedDriveSignal in nDeCtriIDWord

PLC interface

TcNc-Lib, see PLC function AxisSetAcceptBlockedDriveSignal in the TwinCAT PLC Library NC.

Homing with latch function

During homing a trigger event is expected and a position value is latched, depending on the referencing
mode (hardware latch). Parameterization is required in order to be able to use the drive latch function (see
AX5000 Probe Unit).
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10.1.6.3 Probe Unit
m Detailed method for configuration of the probe unit:

For further information of the probe unit, please look at the functional manual of the servo

drive AX5000: Probe unit function
Note

10.1.7 Error messages during commissioning

The greatest likelihood of error messages occurs during the commissioning process. Incorrectly assembled
cables, missing shield connection, wrongly parameterized motors / feedback systems, mechanical problems
and many other issues are detected at this stage. The drive can often not be started or stops after a short
time with a diagnostic message.

Documentation of all error messages

If an error message occurs, first of all please refer to the error message information in the

documentation "AX5000_DiagMessages". You will usually find suggestions for solutions
Note there which can be implemented relatively easily.

10.1.7.1 FAA49, Feedback process channel error (1Vss)

When this diagnostic message appears it may indicate an error in the analog signal for the feedback system
(1Vss). The AX5000 monitors the output signals from the sin/cos 1Vss feedback system and switches off the
drive when the signal lies outside the tolerance range between 0.53 Vss and 1.34 Vss. The feedback

systems are specified in such a way that they only supply exact values within the stated tolerance range.
Beyond this the values may be usable but are not necessarily so.

Voltage analysis

With an external oscilloscope

The values from the feedback system can be determined with the aid of an external oscilloscope (scope).
You can connect an external scope between the feedback connector and the AX5000 and determine the
sine and cosine voltages.

With the TwinCAT software oscilloscope

Parameterization of the IDNs P-0-0150 / P-0-0180

Feedback system 1 or 2

The diagnostic message FA49 applies to both feedback systems 1 and 2. You can find out

which feedback system is currently affected by pointing the mouse cursor at the diagnostic
Note message in the TCDriveManager. A tool tip will then appear showing the faulty feedback
system. The IDN P-0-0150 described below applies to feedback system 1. The IDN
P-0-0180 applies to feedback system 2 and has the same structure as P-0-0150.

Open the System Manager and select the servo drive (1) which is generating the error. Open the
TCDriveManager (2) and select the faulty feedback (4) in the affected channel (3). In the IDN "P-0-0150" (5)
under the "Sin / Cos" parameter (6) open the value range (8) under the Parameter "SinCos 1Vss monitoring".
Four options appear.
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L AXS021-Dokutsm - TWINCAT System Manager
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3 = Error monitoring (only wire break detection)

To log the Sin/Cos signals, select either 1 or 2.
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Whether to select option 1 or 2 should generally be decided depending on the application. However, there
are two rough indications for making the choice:

If the faulty axis can no longer be used because the error always occurs immediately, then you need to

select the "2 =
and be logged.

(only wire break detection and logging of sin/cos values)" option so that the error can occur

If the faulty axis can be operated because the error only occurs sporadically, then you can select "1 = (full

error monitoring and logging of sin/cos values)" or "2 =

values)" so that the error can always be logged.

(only wire break detection and logging of sin/cos

A

WARNING

Warning, risk of injury from uncontrolled movements!

If a faulty axis is used then this axis may make uncontrolled movements. Make sure that no
one is in the machine's traversing range.

In many cases the faulty axis can also be moved manually and this option should be used preferentially for

safety reasons.

Adding the debug pointer to the Startup list

In order for the sin/cos signals to be logged, the relevant debug pointers must be added to the AX5000
Startup list. Call the Startup list in the TCDriveManager using the button (9) and click on "Add" (10). A
window opens with a list of parameters including P-0-1006 to P-0-1010 (11).
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- P-O-0400 Pagtion liril switch sonfiguestion
#- P02 Aesdy lo opersks conligursion
B P-O-0451  Cumerk cortioller sellirgs
- P51 Welaly fiker low pazs lime conglant CLoog mz Accept Al
POEIZ [Vislocity fler kaw pats dampirg 00000000
- P00513  Cumsrt command vabie s
= P-0-0a00 Diglld outpul condial ward L Te... Aciual
FO1000  Debug porier 1 ad (00000000
P00 Debug poirker 1 fype 1 1 7 Hee 32

(00000000

/ T Hex 32
3 Hex 16 ar 1T Ithu-:l ta

3 Hex 1B

P00 Debug porter 2 ad
PO e
~F006 | Ferchack debug pointer 1 adk
| F-01007  Fesdhack debug poirker 1 bpe
#+ P00 Feschack debug pointer 2 ade
200010 Feedback debug poinker 2 hoe

P A — —

The IDNs need to be parameterized before being added to the Startup list. The IDNs P-0-1006 and P-0-1007
denote sine signals, the IDNs P-0-1009 and P-0-1010 cosine signals; the structures are the same for sines
and cosines.
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For the IDN "P-0-1006" under "Addr" select the address "0xA000 Sin/Cos ChA: Sin (Int16)" (12).
B P0-008 Feedback dabug pointer 1 adr

I R - :15)
m Souice f 8, s e b - |
- FOF007  Feedback debug pointen 1 ype LS T
: DA002 SindCos Che
= PO00S  Feedback debug poinir 2 ad 12 A0 SiniCos Chy
A (heb 001 Sin/Cios Che
= Jouice (8,005 SindCos Cht
- P00 Feedback debug pointer 2 lype ﬁg%ﬂ. Eeﬁljﬂ:
. i 1l K - hes T,
- P02000  Conligued safely oplion BATIS Ro Tl
(=A073 Reschwer/kl
Mt 111 4 nnsmrﬂﬂ_
| % Pasition feedbad I F Ld

Under "Source" select the faulty feedback system, where "0: Front" refers to the feedback system on the
front of the AX5000 and "1: Option" refers to the feedback system on the AX5701 / 02 option card.

P_-D-'I 008 Feedback debug pointer 1 adr

Addr 0=4000: Sin/Cos Che: ..
0: Front '
P-0-1007  Feedback debug pointer 1 type [ Front
P-0-1009  Feedback debug pointer 2 adr 1: Dption
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For the IDN "P-0-1007" select the option "2: Decimal 16".

[EEETE TP [ RTINS

¥ 2 Decimal 16
- P-0-1003  Feedback debug painter 2 adr [ Binarv 16
Addr 1 llecioecd Necimal 16
Saurce 1 3 T2 Decimal 16
oot CmmdAbmmls Ambiim mmimbmre 1 ke |d Et:.:-.c .I.l_:'

You now need to repeat the procedure with the IDNs "P-0-1009" and "P-0-1010". For the IDN "P-0-1009"
under "Addr" enter the value "0xA001: Sin/Cos ChA: Cos (Int16)".

Select the four IDNs and press "OK" so that the IDNs are entered in the Startup list.

Activate configuration

In the TCDriveManager (14), click in the tree on "Process Data/Operation Mode". A new window opens
where, under "AT or MDT", you select "AT" (16). Next highlight the two IDNs "P-0-1008" and "P-0-1011" (17)
and move them into the "Parameter for Process Data" window by clicking on the ">>" button (18).

Geneial | EtheiCAT | DC | Process Data | Stastup | SeE - Online | 0rir(_ Configuration |

Linked NC/CNC aves:  Channeldc=sNo lirk Chanme—memk |4
|n-" TE|—||I——¢*"“' Lo} :1' ‘.IE__‘ 7 ||-EhengaF‘hasaJ
Tiea b Al Charnel &2 >Parameter: > Process Data/ paration Mode
5-Device Linked Mouis:
Dwevice Info
Power Management Configurated operation modes:
- Safety Option 10M | Name | act Valus | St Va
- Display S-00032  Primary operation mods 2: velo confrol
Seope?
Digital /0
‘Wakch Window 1 6
[=1- Channel & /
v I
[¥|- Axis Mansgement AT or MDT: AT -
) Controllsr Cremryisw Available parameters tor FrocessData Parameters for ProcessData
& Motor and Faadhadk P0-0453; Cument controber status veord ﬂ 5000 35 Drove stabus vaord
Process DakafOperation Mode o | P-0-0454: Effective torque command valie 5-0-0051: Position feedback
C;—:—m:—_:" P-0-0503; Velocity confroller status word
) i P-0-0504: Effective velocity command value
Scalings rl 5 P040553; Posihon confroller status word
[# Operation P-0-0554: Effective position command value
[ Dizgnostics P-0-0201: Digital inputs, state
H P-0-0804: Digital feedback inputs aption unit 18
[=]- Channel B
P-0- IIIE Debug pointer 1 value o
[+]- Parameter
[ Operation
[ Disgnostics

-P{l [T . [y ._.:__..
P-0-2001: Safety option diagnoshcs
P-0-2002: Safety option stale 1 ? -

4 | b 4|

Under the relevant EtherCAT Device (19), activate the ADS Server (20). Now check the boxes beside
"Enable ADS Server" and "Create symbols" (21). The "Port" (22) is entered automatically.
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- AXS5021-Doku.tsm - TwinCAT System Manager
File Edit Achons Wiew Options Help

20
Dl &a « AR2Ad =Sy dd &< ® % E f)-ﬁﬂﬁ’d‘t o d
= Bl 5v¥STEM - Configuration - -
I8 c - Configuration General | S-lza.-’l.'.lifsa!l Buffersd Mappir{ A0S l
BB FLC - Confiouration
BR Cam - Configuration
=l l I - Configuration
= 8 110 Devices 19

[= == Dpvice 1 (Fthen™ 4T}

[ Enable A0S Server Pout: 2TA05 [OwEDT

~ \
2

¥ Creste symbols

21 2

I Lsvine & aeagcoli T

i #1 Inputs

i Oubps

§ [nfobata

01l Crive | (AXSOE1-0000-0001 )

BT Drive 2 (AMSEOE-0000-0011)
-] Drbie 3 (A00S115-0000-0011)

&8 Mappings

EJ|

[ H

Marre | [ 1vpe [ 5z =hddr... | Injouk || Ls

Start "TwinCAT Scope?2" and check whether the amplitude values are permissible. The scaling factor is 1 /
46602.
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10.2 EtherCAT

10.2.1 Parameter handling

The servo drives from the AX5000 series use a new method for managing their configuration parameters
(IDNs).

In contrast to conventional servo drives (e.g. AX2000), these parameters are not stored in a non-volatile
manner on the AX5000 itself, but they are transferred from the controller to the drive whenever the EtherCAT
fieldbus system starts up. This approach has the advantage that the parameter management takes place
exclusively in the corresponding TwinCAT project, without the need for separate data backup of drive
parameters. If a replacement is required, it is sufficient to replace the servo drive. There is no need to load
parameters onto the servo drive.

IPC {NC)

AX2000 AXG000 | .o j;_
EE prarn Ram ¢ | O -
Param eter P aram eter
S0 0001 -0 0001 la--
S-0-0002 S.0-0002 .
S-0-0003 5-0-0003 §
S-0-0004 =-0-0004 Bl
e e -

ol

The parameters are transferred from the controller to the servo drive when the EtherCAT system starts up.
Due to the high data transfer rate offered by EtherCAT this process is very fast, even in larger systems.

Transitions

During startup the EtherCAT system passes through the following states: Init, Pre-Operational, Safe-
Operational, and Operational (see chapter EtherCAT state machine).

The diagram shows the following transitions:

Init IP: Transition from Init to Pre-Operational
Pl C = , D“’ PS:  Transition from Pre-Operational to Safe-Operational
re- Jperational
ap C Pre-0p) ps SO: Transition from Safe-Operational to Operational
Safe-Operatianal D OS:  Transition from Operational to Safe-Operational
0s C (Safe-Op) DSO SP:  Transition from Safe-Operational to Pre-Operational
Ope(gy)ﬂna' PI: Transition from Pre-Operational to Init

In practice the parameters (IDNs) are transferred from the higher-level control system to the AX5000 during
transitions IP, PS and SO.

The TwinCAT System Manager indicates at which transition the individual AX5000 parameters can be
transferred.
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L, AX5000_001.tsm - TwinCAT System Manager =] E3

Datei Bearbeiten Akkiomen  Apsicht  Opkionen 2

DEwHEk| s a2

ga v & &

L% ® [ | B Q8

ﬂ SYSTEM - Konfiguration .ﬁ.llgemeinl EtherCAT I DC I Frozessdaten  Startup | SaE - I:Inlinel Dnlinel
' M - Konfiguration
! 5P - Konfiguration Transitiu:unl F'ru:utu:u:u:ull |ridex | [rata | Comment
=8 E/4 - Konfiguration S <PS> SoE  S0-0015 00007 (7) Telegram type
- S8 A Gerte S <PS»  Sof 500016 020002003300 AT list
-7 Gerdt | (EtherCAT) 8 <PS> ScE 500024 020002002400 MOT list
== Zerat 1-Prozessabhild Sl PS SoE S-0-0001  Ow0FAD (4000) Thoye - MC cycle time
== Gerdt 1-Prozessabhild-Info = S SoE S-0-0002  Ow0FAD [4000) Tecpe - Comm cycle time
EEI---%T Eingange Sl PS SaE S-0-0032 0x0002 (2] O peration mode
- @] Ausginoe
-8 InfoData
|'_—'|--i+;| Achse 1 (Ax5101-0000-0002)
- &t AT
- @l MDT Mave g fave Dawn Mewu... Lazcher... Bearbeitern...
-8 Wostate
-8 InfoData
&8 Zuordnungen

10.2.2 EtherCAT synchronization

The EtherCAT master sends EtherCAT telegrams to all connected EtherCAT slaves. In each slave an
EtherCAT slave controller (ESC) is implemented. In order to achieve high positioning precision and meet
stringent demands in terms of concentricity characteristics, it is necessary for the set value generation in the
master and all connected drives to be synchronized. In the EtherCAT system the so-called distributed clocks
are available for this synchronization task. For details see www.ethercat.org. The following description deals
exclusively with the synchronization of the data.

AX5000
config.
oo _____AX8000_ ________
[
I EtherCAT-Slave
: Controller
[
[
[
[ Statug
EtherCAT - . CPU
- ll -
[
[
[
[
[
[
[

EtherCAT Master

From the TwinCAT project and the ESI files (EtherCAT slave information) of the connected slaves, the
System Manager determines the required parameterization for the distributed clocks of the connected
EtherCAT slaves when the configuration is generated. This parameterization is transferred to the slaves or
their slave controllers via Init commands whenever the EtherCAT segment starts up. Manual adjustment is
not required and should only be carried out in consultation with AX5000 support.
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EtherCAT slave controller (ESC)

The EtherCAT slave controller (ESC) of the AX5000 is parameterized by the master such that two
synchronization signals (Sync0 and Sync1) are generated. These signals are analyzed by the CPU and then
synchronized with the internal control algorithms.

Sync0

The "Sync0" signals are sent every 250 us as standard. If a signal fails to materialize, the CPU generates the
error code F414, and the axes of the servo drive are stopped with the "EStop ramp".

Additional error messages:

The SyncO0 cycle time may only be configured with 62.5 ps, 125 ps or 250 us, otherwise the CPU generates
the error code F409.

If the signal "Sync0Q" is not activated in the ESC, the CPU generates the error code F410.

If the pulse length of the signal no longer conforms to the standard, the CPU generates the error code F411.
In the case of each error message the axes are brought to a standstill with the "EStop ramp".

Sync1

The "Sync1" signals are parameterized according to the NC cycle time as standard. This cycle time is always
a multiple of SyncO. If a signal fails to materialize (see F1), the CPU also generates the error code F414, and
the connected axes are stopped with the "EStop ramp".

Additional error messages:

The Sync1 cycle time must be a multiple of the SyncO0 cycle time and must be identical to the parameters
"S-0-0001 and S-0-0002", otherwise the CPU generates the error code F412.

If the signal "Sync1" is not activated in the ESC, the CPU generates the error code F413.

If the pulse length of the interrupt no longer conforms to the standard, the CPU generates the error code

F411.

In the case of each error message the connected axes are brought to a standstill with the "EStop ramp".

End of telegram (EOT)

The EtherCAT state controller (ESC) in the slave processes the EtherCAT telegrams dynamically. At the end
of the telegram (EOT) it transfers the content to the addressed Sync Manager (if the telegram was intended
for this slave and no CRC error is present). The EOT thus lags slightly behind the signal of Sync1 by the time
DT2; the status of SyncManager2 is subsequently set to "SyncManager written". The CPU only copies the
data from SincManager2 into its own memory area if this status is "SyncManager written" at the time of
Sync1. At the time of the Sync1 signal, the CPU expects a written SyncManager2. The end of the telegram
must therefore occur just before the Sync1 signal is generated. The data are not copied if the status is not
"SyncMan written"; if the data cannot be copied twice in succession, the CPU generates the error code F415
and the connected axes are brought to a standstill with the "EStop ramp".

Jitter!
The tolerance for the existence of new data at the right time, due to "jitter" etc., is NULL.

The EtherCAT master must ensure that the data arrive at the SyncMan2 in time.
Note
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Sync 0

FO

ATO

Sync 1

ATI
EOT :
. . F2
: EtherCAT-Telegram E(hé_ AT-Telegram
1 | | | |
; || F
i | ]
< t
AT2>0

Special notes concerning the diagnostic message F415 "Distributed Clocks: process
data synchronization"

The real-time behavior of the machine is continuously monitored during operation. An important component
of this monitoring is the synchronization of all hardware and software components involved in data transfer.
The illustrations below represent a simplified example of this data transfer. The focus is on the drive tasks
"NC" and "PLC".

Sample 1

1. The CPU timer sends interrupts on a regular basis (default: base time = 1 ms)
2. The individual tasks are now processed in accordance with the rules of task management.

3. Task management:
Since the task takes up a greater or smaller amount of time due to a higher or lower number of com-
puting processes, the "I/O update" should be parameterized directly after the entry point (a) at the start
of the task. This excludes one source of incorrect synchronization.
A further source of error is an unfavorable prioritization of the individual tasks (see below).

4. Following the "I/O update", the resulting data are transferred to the TwinCAT-IO system and subse-
quently dispatched by EtherCAT telegram to the connected devices. The EtherCAT telegram passes
through each physically connected device and hands over or picks up only the data for this device.
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5. The order of task calculation depends among other things on the prioritization of the tasks. If a task
has a higher priority, it is also calculated first and can send its data to the TwinCAT-IO system, which
then dispatches the telegram. Problems usually occur when individual tasks have different cycle times;
see below.

TwinCAT-10.Syg
CPU-Timer Interrupt

Task_a

AX5000 AX5000

B
&

Windows_Task

Task management

Task_a
Task_b
SPS_Task
NC_Task
Windows_Task

Task_y
Task_z Task_z Y

Prioritization

Task_y

The following graph describes the effects of prioritization on the synchronization of the data.
Assumptions:

Sync1 =3 ms

NC cycle time = 3 ms

NC priority = 10

PLC cycle time =2 ms

PLC priority = 5

NC data are to be transmitted cyclically to the drive. Although the PLC requires time to compute, no data are
transmitted to the drive.

Due to its higher priority, the PLC task is always calculated before the NC task; these tasks affect each other
at the start point time "0 ms" and then repetitively every "6 ms", i.e. 2x Sync1. However, the ESC expects the
EtherCAT telegram with the NC data at each Sync1 (3 ms). That is not ensured, however, because the more
highly prioritized PLC task is always calculated before the NC task and thus in the case of synchronous
mapping the telegram start is delayed. For this reason the NC telegram arrives somewhat later every 6 ms
and can thus cause the F415 error in the AX5000.

0 1 2 3 4 5 6
Eps Bs tms;
B <3ms >3ms e
Sync1
2 x Syncl
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Sample 2

1. The CPU timer sends interrupts on a regular basis (default: base time = 1 ms)

2. The individual tasks are now processed in accordance with the rules of task management.

3. Task management:
Since the task takes up a greater or smaller amount of time due to a higher or lower number of com-
puting processes, the "I/O update" should be parameterized directly after the entry point (a) at the start

of the task. This excludes one source of incorrect synchronization.

A further source of error is an unfavorable prioritization of the individual tasks (see below).

4. Following the "I/O update”, the resulting data are transferred to the TwinCAT-IO system and subse-
quently dispatched by EtherCAT telegram to the connected devices. The EtherCAT telegram passes
through each physically connected device and hands over or picks up only the data for this device.

5. The order of task calculation depends among other things on the prioritization of the tasks. If a task
has a higher priority, it is also calculated first and can send its data to the TwinCAT-IO system, which
then dispatches the telegram. Problems usually occur when individual tasks have different cycle times;
see below.

SyncUnit 1

AX5000 |

TwinCAT-10.5ys AX5000
CPU-Timer Interrupf o
Task_a %
[
AX5000 AX5000
Windows_Task .
SyncUnit 2
Task management
Task_a Task_y
Task b =
NC_Task
SPS_Task
Windows_Task
Task_y
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Prioritization
The following graph describes the effects of prioritization on the synchronization of the data.
Assumptions:

Sync1 =3 ms

NC cycle time =2 ms

NC priority =5

PLC cycle time = 3 ms

PLC priority = 25

NC task serves only devices in SyncUnit 1, synchronous mapping
PLC task serves only devices in SyncUnit 2, synchronous mapping
NC and PLC data are to be transferred cyclically.

Due to its higher priority, the NC task is always calculated before the PLC task and the telegram is
accordingly also sent first; these tasks affect each other at the start point time "0 ms" and then repetitively
every "6 ms", i.e. 2x Sync1. However, the ESC expects an EtherCAT telegram at each Sync1 (3 ms). This is
not a problem in SyncUnit 1, which is served by the NC, since the more highly prioritized NC always sends
the telegram in the same time pattern. However, the PLC telegram arrives somewhat later every 6 ms and
can thus cause the F415 error in the AX5000 in SyncUnit 2.

0 1 2 3 4 5 6
[NC| [NC tms;
L <3ms >3ms |
Sync
2 x Syncl
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10.3 Operation modes

In drive technology a distinction is made between the following operation modes:

» Current / torque control
» Speed control
» Position control

In the SoE standard the individual operation modes are specified via the standard parameter S-0-0032 (main
operation mode).

10.3.1 Mode parameterisation according to SoE

Parametrization of the IDN S-0-0032

Bit Operation mode
no mode of operation

0

1 torque control

2 velocity control

3 position control feedback 1

4 position control feedback 2

11 and 12 position ctrl feedback 1 + 2 lag less

32769 torque control using dynamic MDT

32770 velocity control using dynamic MDT

32771 and 32772 position control feedback 1 + 2 using dynamic MDT

32779 and 32780 position control feedback 1 + 2 lag less using dynamic MDT

Cascaded control structure

The diagram shows a typical control structure with higher-level position controller and subordinate speed and
current controller.

Profile generator (NC)

A

CH Pos. Ctrl |—’O—'| Velocity Ctrl Current Ctrl
[a]
\—| Position of the motor shaft (Feedback 1)
M
Position of the weight (Feedback 2) ™\ |

N/

external feedback system
(e.g. Encoder)
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A cascaded controller structure consisting of current, speed and position controllers has proven to be
necessary for achieving high dynamics and positioning accuracy. The diagram illustrates the time constants
of the individual control loops, rising from inside to outside. Two operating modes are suitable for positioning:
velocity set value specification or position set value specification.

For the position of operation, 2 modes are:

» + speed setpoint (speed interface):
Cyclic speed setpoints are sent from the controller to the drive. Of the Position controller is in this case
on the side of the controller (NC) implemented.

+ « Position setpoint. (Position interface):
Cyclic setpoint positions are sent from the controller to the drive. The position controller is here
implemented in the drive. In the control (NC) only the setpoint profile is calculated. Here is a higher
bandwidth in the position control achieved (no EtherCAT dead in closed Loop). This mode should
always be used when the controller enables.

Profile generator

The profile generator generates curve profile of a positioning job of the PLC function block
MC_MoveAbsolute. In each NC cycle, at a specified time (node T1 - Tn), the Setpoints this positioning task
passed to the axis control. Thus, the servo amplifier optimally can proceed, the target values of the profile
generator with the SAF task of the EtherCAT fieldbus must be triggered. The SAF task ensures that the
support points (T1 - Tn) to the servo amplifier be transported.

Control Field bus Drive
: Profile generator (NC) : : : : :
: PLC device with Positions control value (p) in $-0-0047  : : = Ap: :
| application specific input ; | EtherCAT ™ g :
; = Jitter control value (j) EtherCAT - feld bus
———— H H : i [ Velocity Curl
i Torque control value (acc) : :
: Position feedback value | S-0-0051 : : :
Velocity control value (v)
[
3
©
>
(%]
=4
NC - online : 2
H @D
i o
Act pos : o
SI:I —( / Following distance (internal)
Lag distance :

[ :Following distance S-0-0189 (external)

Monitoring (Lag less control)

MC_MoveAbsolute is primarily used for linear axis systems. This PLC function block, let to axes with a speed
v process of starting to target positions.

m For further informations, please look at the following link:

PLC ( Libs ( TwinCAT 3 PLC lib: Tc2_MC2 ( Motion-Function block ( Point to Point Motion

Note
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10.4 Display and navigation rocker

10.4.1 Navigation rocker

o= |1 he navigation rocker is used for navigating within the display. It has 5 contact points: “right”, “left”,

( ° ) “top”, “bottom” and “centre”
-

10.4.2 Display

General
Starting from the standard display, you can access the configuration and command displays by pressing the
right side of the navigation rocker - ’ . Except with the standard display, if you do not change the display

for approx. 25 seconds, the standard display is automatically shown again. The standard display is always
shown if the device is working perfectly.

ECatSt=0Op )M:CchaIuesLine1 )M:CchaluesLineZ ) M:Reset M:Set Device ID ) M:Save Device ID
UdcLnk+00306V ECatSt: UdcLnk: \ Activate Ch A ) ID - - - -X 00000 Device ID 00000
Display Description

Cine 1 The display consists of 2 lines. These two lines display independent,

L!ne 2 configurable contents.

Ine The contents can be arranged into 4 groups.
ECaiSED Cyclic values (standard display):
Ud aL L_+08306V 1 The so-called standard display is shown permanently. The values provided can
gL be displayed in the two lines. The two lines are preconfigured in the factory as

follows:

Line 1: EtherCAT status
Line 2: DC link voltage

Error messages:

2 If an error occurs, the diagnostic code (hex) and a short version of the message
(2+3) are shown alternately on the display. If the error concerns only channel
"A", then this display is shown only in the upper line; the standard text remains in
the lower line. If the error concerns only channel "B", then this display is shown
only in the lower line; the standard text remains in the upper line. In both cases
4 the display additionally flashes (2-5).

1d: OxF415(F)
Id: OxF415(F)

1d: OxF415(F)
B Id: 0xF415(F)

If the error has been rectified and acknowledged with the reset command
(S-0-0099), the standard display with the cyclic values appears again (see

above).

see error messages Warnings:
If a warning occurs, the display behaves in the same way as with an error
message.

see error messages Information messages:

If an information message occurs, the display behaves in the same way as with
an error message, but does not flash.
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Cyclic values

The two lines with the cyclic values, which are shown on the standard display, are freely configurable. You
can choose from 51 different cyclic values. The values are saved in IDNs and retrieved from there. The
procedure for configuring line 1 and line 2 is identical:

Overview (example)

Addr  +1009 ECatSt=0Op
UdcLnk+00306V IdcLnk +0010I
e /(3 sec.) e )(3sec.)
M:CchaIiJesLine1 M:CycValuesLine2
Addr . IdcLnk: |
o= =
ECatSt=0p — M:CchaiuesLine1 - M:Ccha-IuesLinez
UdcLnk+00306V| ) ECatSt: ) UdcLnk: V
.a-o s
M:CycValuesLine1 M:CycValuesLine2
IdcLnk: I Umain: V
. (3 sec.) . (3 sec.)
[dcLnk +0070l ECatSt=0p
UdcLnk+00306V Umain +00197V
Changing the display
Starting from the standard display, press the right-hand side of the rocker ’ 1x (for line 1) or 2x (for line
M:CycValuesLine1 M:CycValuesLine
2); the display HECAISE or | ECatSt: appears.
Display Description

1 2 1 ="M" indicates that the "menu mode" is activated.
2 = The "CycValuesLine1" menu is active. This means that the cyclic values are

ECatSt: 3 = Indicates which cyclic values are currently displayed.

3

The currently displayed value determines the point of entry into the list of the cyclic values. You can change

to the next cyclic value with the bottom “«=s’ orthe top " side of the rocker, as shown below. If the

Pa
desired value has been reached, press the center “—" of the rocker for 3 seconds. The value is adopted
and the changed standard display is shown.
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M:CycMaluesLine,| (M:CycValuesLine,
ACtSIP:  inc tMuP:

AC r
M:CycValuesLine. M:CycValuesLine,
BActPos:  inc ctvel: rpm

M:CycValuesLine, M:CycValuesLine,
Addr . /—\ - ActTa: e
sLine, M:CycValuesLine,
. ActCur:  pm
M:CycValuesLine,]

M:CycValuesLine,
IdcLnk: I Actld: pm

M:CycValuesLine,
Blctrl: bit

M:CycValuesLine, M.CycValuesLine,|
Umain: v BAxixSt:
M:CycValuesLine. 6TVa'I»|i|esLine
E pTimH:

IGBT-T:  dC

M:CycValuesLine,| M.CycValuesLine,|
OpTimL: 5 BOpTimL: ]
g ycValuesLine,

M:CycValuesLine,|
TemEnc: dC

OpTimH: s
M:CycValuesLine, M:CycValuesLine,
SysTimH: BSetPos:  inc

_ ® (3 sec) ® (3sec) =
M:CycValuesLine M.CycValuesLine
MaxCIT: 15 M;Cyc\muesLineﬁ BSetVel: rp

|

|M:Ccha1uesLina1|
Addr  :

= | L ldeLnk: = T
M:CycValuesLine,] s :CycValuesLine,
MinCIT: 5 SetETg: pm
M:CycValuesLine,] M:CycValuesLine M:CycValuesLine! M-CycvaluesLine
ACCIT. s ’H Yusctnic v gSelTq: pm

":'leuesﬂne, -ﬁ:mjuesginef
— —

MaxMLT: M:CycValuesLineT] M:qvc\l’aluljnei !S_e_lCur. m

M:CycValuesLine,| ldct.ok: l Unmain: v M:CycValuesLine,

MinMLT: s e (3sec) o (3sec) gsam: ém

M:CycValuesLine,

M:CycValuesLine, L it

ActMLT: s | EActPos:  inc
:CycValuesLine, M:W;\ill';a'lueshi:a
Set Id: pm :

SetiTq: m
M:CycValuesLine,
ActTq:  pm

M:CycValuesLine.

SetETq:
SElE B :CycValuesLine,
tWCur:  pm

M:CycValuesLine,

SetVel: m M:CycValuesLine,]
SetPos:  inc M:CycValuesLine.
CyeVaiuesLing e

TemEnc:  d TR Ry
M:CycValuesLine,] [M:CycValuesLine, g‘ éci’svsr mej
OpTimL: s }1 OpTimH: s =

Error reset (command S-0-0099)

After rectifying an error, it is necessary to perform an error reset. The associated command is the IDN
S-0-0099. This command can also be given directly via the display. As soon as an error occurs the display
flashes continuously; the standard display is shown again and the flashing stops only after a successful error

reset.

Overview
ECatSt=0Op 4[M:CycValuesLine1,~ 4M:CycValuesLine2
UdcLnk+00306V| - ECatSt: w4 UdcLnk: V %

Activate Ch B |

(i |J (3 sec.)

Cmd Ready \
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Executing the command

’ M:Reset
Press the right side of the rocker “—¥ 3x until the following display appears: [Activate Ch A
Display Description

1 2 1 ="M" indicates that the "menu mode" is activated.

2 = The "Reset" menu is active.
M-Reset 3 = Indicates which channel of the AX5000 the reset affects.
Activate Ch A
3

There are now 2 possibilities:

Press the center of the rocker " for approx. 3 sec. to execute the reset command for channel "A"
or

Press the upper or lower side of the rocker "« and switch to channel "B". Now press the center of the
rocker “— for approx. 3 seconds and execute the Reset command for channel "B". The following display

M:Reset
appears | Cmd Ready

The standard display should appear again after approximately 25 seconds. If the error display is still visible
after that, this means that you have not rectified the cause of the error, or that there are further errors.

Device ID

The Device ID is a configurable ID of the AX5000 in the system environment. It is saved in the IDN
P-0-0020.
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Overview (example)

ECatSt=0p ~ ¢/M:CycValuesLine1 — 4M:CycValuesLine2 M:Reset ] M:Set Device ID ) M:Save Device ID
UdcLnk+00306Y ECatSt: UdcLnk: \ Activate Ch A ID--- X 00009 Device ID 73469
e (3sec)
4
M:Save Device ID
® (3sec) |Cmd Ready

e (3sec.)

:Set Device ID
ID - -X- - 00469

—

—
e (3sec.)
M:Set Device ID )

ID -X--- 03469
—

R4
e (3sec)

[M:Set Device 1D
ID X---- 73469
Ll

-

e (3sec.)

M:Set Device ID )
Device ID 73469

Entering the Device ID

You can edit the 5-digit Device ID by entering the individual digits. The prerequisite for this is that the "Set
Device ID" menu is active. As mentioned above, the display of the AX5000 displays freely configurable cyclic
data in the upper and lower lines as standard.

*") M:Set Device 1D
Press the right side of the rocker ““—* 4x until the following display appears: ID - - --X 00009
Display Description
1 2 1 ="M" indicates that the "menu mode" is activated.

2 = The "Set Device ID" menu is active.

M:Set Device 1D 3 = Indicates which digit "X" of the Device ID is currently editable;
ID - ---X 00009 in this example it is the last digit, i.e. "nine".

4 = Device ID

3 4

You can now immediately edit the last digit of the Device ID by pressing the top or bottom side of the rocker

; q-p . The top side V" increments the number, the bottom side ‘«s’ decrements it. After you have set
the digit, there are 2 possibilities:

Press the center of the rocker “~—" for approx. 3 sec. and you can then edit the digit to the left of the
current digit.

or
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Press the right side of the rocker ; this takes you to the "Save Device ID" menu.

Temporary memory

After you have finished editing, the changed Device ID is located in a temporary memory,

which is cleared when the AX5000 is switched off. You must execute the command "Save
Note Device ID", so that the Device ID is saved permanently in the AX5000.

Saving the Device ID
By means of saving the Device ID, the IDN P-0-0020 is written to the AX5000 and can be used further.

If you have just changed the Device ID, press the right side of the rocker and the following display

M:Save Device ID

5

If the standard display is visible, press the right side of the rocker “—* 5x until the following display

M:Save Device ID
appears: Device ID 73469

Display Description
1 2 1 ="M" indicates that the "menu mode" is activated.
2 = The "Save Device ID" menu is active.
M:Save Device D] 3 + 4 = Indicates which Device ID will be saved.
Device ID 73469
3 4
Press the center of the rocker “—" for approx. 3 sec. in order to save the displayed Device ID.

M:Save Device ID
If saving was successful, this display appears: [Cmd Ready

The standard display appears again after approximately 25 seconds.
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10.5 Motor brake management

10.5.1 IDNs involved

IDN Name

S-0-0206 Drive on delay time
S-0-0207 Drive off delay time
P-0-0058 Motor brake type
P-0-0096 Motor control word
P-0-0097 Motor status word

10.5.2 Functioning

IDN S-0-0206 determines the time of the motor standstill after the motor current feed, so that the brake can
vent first.

IDN-S-0-0207 defines the switch-off delay between activation of the motor brake and deactivation of the
current feed.

IDN-P-0-0058 is used to configure the motor brake.
IDN-P-0097 displays the state of the motor brake.

IDN-P-0096 can be used to release the motor brake manually or requesting activation of the brake manually.
This bits overwrite the internal brake request. The brake is therefore released or engaged irrespective of the
motor current feed and any travel command.

Risk of injury!
Improper operation of IDN P-0-0096 can therefore lead to sagging of a non-energized Z
axis or closing of the motor brake at full speed!

WARNING

10.6 Commutation methods

The important characteristics of a servomotor, such as its very smooth running, high efficiency and optimum
thermal utilization, are strongly influenced by the commutation. Commutation refers to the transfer of current
from one winding to the next. The moment at which commutation takes place must be harmonized with the
magnetic field of the rotor if the servomotor is to operate most effectively.

10.6.1 Rotary servomotors

10.6.1.1 Mechanical commutation

These motors, which use brushes, generate the alternating fields necessary for operation of the motor
through sliding contacts, whose geometrical arrangement switches the current paths. Brush losses and wear
are disadvantages of this simple, mechanical commutation method.

10.6.1.2 Electronic commutation

These modern motors generate the alternating field needed for operation of the motor by means of an
electronic circuit which is not subject to either wear or friction. The type of motor and the encoder system in
use determine the commutation method.
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Absolute encoder system (motor feedback) within one rotation

Samples of this type of encoder system includes: Resolver, EnDat, BiSS and HIPERFACE
Two different commutation methods are involved here:

Mechanical adjustment of the encoder

The motor's encoder system is mechanically adjusted at the factory (the encoder and rotor are matched to
one another), but the rotor position is unknown.

The commutation angle is determined once by the P160 command, using the IDN "P0-0-165_Command
mode_ Static current vector" and the IDN "P-0-057 "Electrical commutation offset". This means that the
corresponding mechanical angle coming from the encoder system is displayed and read out in P-0-0058,
and is saved in the IDN "P-0-0150_Parameter chanel_Adjustable commutation offset" (motor database). In
order for the parameter to be used, the IDN "P-0-0150_Parameter chanel_Commutation mode" (motor
database) must be set to 3: "Adjustable offset". The associated value of the IDN "P-0-057 "Electrical
commutation offset" is also saved in the motor database.

Electronic adjustment of the encoder system

Synchronous motors!
Electronic adjustment is only required for synchronous motors. In the case of a synchro-

nous motor, the magnetic field of the rotor is generated electronically, and therefore can be
Note set appropriately for the electromagnetic field of the winding.

Depending on the encoder system there are, again, two different commutation methods:

1. The encoder is always attached to the rotor by the manufacturer in the same rotary position, but the
rotor position is not known.
The commutation angle is determined once by the P160 command, using the IDN "P0-0-165_Com-
mand mode_Static current vector" and the IDN "P-0-057 "Electrical commutation offset". This means
that the corresponding mechanical angle coming from the encoder system is displayed and read out in
P-0-0058, and is saved in the encoder system's data store (exceptionally) and in the IDN
"P-0-0150_Parameter chanel_Adjustable commutation offset" (motor database). In order for the pa-
rameter to be used, the IDN "P-0-0150_Parameter chanel_Commutation mode" (motor database)
must be set to 3: "Adjustable offset". The associated value of the IDN "P-0-057 "Electrical commuta-
tion offset" is also saved in the motor database. This method requires a encoder system having a data
store and a data line.

2. The angle between the encoder system and the rotor is determined by the motor manufacturer using a
command that is specific to the encoder, and is communicated to the encoder system. The encoder
system stores this angle, using it for internal calculation, but the rotor position is unknown.

The commutation angle is determined once by the P160 command, using the IDN "P0-0-165_Com-
mand mode_Static current vector" and the IDN "P-0-057 "Electrical commutation offset". This means
that the corresponding mechanical angle coming from the encoder system is displayed and read out in
P-0-0058, and is saved in the encoder system's data store (exceptionally) and in the IDN
"P-0-0150_Parameter chanel_Adjustable commutation offset" (motor database). In order for the pa-
rameter to be used, the IDN "P-0-0150_Parameter chanel_Commutation mode" (motor database)
must be set to 3: "Adjustable offset". This angle is always included in internal calculation processes.
This method requires an intelligent encoder system.

Non-absolute encoder system (feedback) within one rotation
Samples of this type of encoder system includes: SIN / COS 1Vss

In this case, a special commutation procedure (wake&shake) must be run in order to determine the
commutation angle. This angle is stored internally, and is taken into account during operation. If the AX5000
is switched off, or if the "EtherCAT-State machine" is switched into "Pre-op" or a lower state, the
commutation angle will be lost because the encoder system is not absolute. "Wake&shake" can only operate
without error when the drive system is running steadily; in other words there must not be any vibrations
affecting the motor from outside. In addition, a stability investigation using the default values of the "IDN
P-0-0165" is necessary the first time the system is operated.
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Oscillatory system!

It is important for this stability investigation to examine the application in advance and to

determine the oscillation that is potentially most problematic. This case can occur under
Note load conditions, or may be found when unloaded.

. Warning, risk of injury from uncontrolled movements!

In the method described below, the motor shaft is brought directly to a certain position.
Make sure that your application permits this movement, secure the surroundings to prevent
WARNING | unintentional entry, and make sure that nobody is in the hazardous area.

Oscillatory system

It is necessary to analyze the vibration pattern of an oscillating system, and to take appropriate damping
measures. Oscillations always have their effect in Phase 2 of "wake&shake"; oscillations are not particularly

critical in Phase 1.

Decaying oscillation

The amplitude (k) and the decay time (1) of this
kind of oscillation must be found. The parameters
IDN-P-0-0165 "Commutation pos control: Kp" can
affect both the amplitude (k) and the decay time
(). The parameter IDN-P-0-0165 " Second phase
duration" should be greater than the decay time

().

Constant oscillation

This kind of oscillation is unacceptable, as a
stable regulation process is not established. The
parameters IDN-P-0-0165 "Commutation pos
control: Kp" must be checked, and modified if
necessary. If this does not achieve the desired
result, you must damp the vibration mechanically.

Rising oscillation

This kind of oscillation is unacceptable, as a
stable regulation process is not established. The
parameters IDN-P-0-0165 "Commutation pos
control: Kp" must be checked, and modified if
necessary. If this does not achieve the desired
result, you must damp the vibration mechanically.

The motor shaft is brought to freely definable electrical positions by impressing an appropriate current in the
course of this investigation. When this injected current is switched off, the motor should remain in the
position that it has reached. BECKHOFF recommends positions of 0°, 90°, 180° and 270°. In critical
applications, eight positions (0°, 45°, 90°, 135° ...315°) should be selected instead of four. The current
injection is parameterized in the IDN P-0-0165 under "Static current vector", while the freely selectable
electrical position is set in the IDN P-0-0057. "Wake&shake" should be carried out in each position; stability
of the system is only ensured when this has been done successfully.
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Wake&shake

[i]

Note

Oscillating system!

A mechanical remedy must be provided if the application oscillates. You can carry out the
commutation up to a degree using wake&shake, but should carefully select the parameters
for the IDN "P-0-0165" to make the effect of the oscillation as small as possible, since too
much post-pulse oscillation will cause a commutation error. This is because the angle mea-
sured after completing the command will be entered as the commutation angle.

A

WARNING

Warning, risk of injury from uncontrolled movements!

The motor shaft will be moved in steps during the process described below. In Phase 1 the

maximum electrical movement is 8 x (the value from "P-0-0-0165_Fist phase position moni-
toring limit"). In Phase 2 it is 0.5 x (the value from "P-0-0-0165_Fist phase step width"). This
formula can only be applied if the previous investigation of stability has been concluded sat-
isfactorily. Make sure that your application permits this movement, secure the surroundings
to prevent unintentional entry, and make sure that nobody is in the hazardous area.

The wake&shake commutation function consists of two phases. An approximate determination of the rotor
position is carried out in Phase 1, while Phase 2 determines the position more precisely. The aim of the
commutation function is to determine the precise position of the rotor with a minimum amount of movement.

Due to the pairs of poles, servomotors exhibit a direct relationship between the electrical and mechanical
rotation. One electrical rotation always corresponds to one mechanical rotation divided by the number of pole
pairs. A motor with a single pair of poles is illustrated in the following example for the sake of simplifying the

calculation.

Parameterization is carried out using the IDN P-0-0165 "Commutation offset calibration parameter". The
quoted angles always refer to electrical rotations!
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IDN P-0-0165 - Commutation offset calibration parameter

Parameter Default Description

Command mode 0: Static current vector Selection between two commutation
methods

Activation 0: manual Selection of when the commutation process
is started

Static current vector Commutation methods

Current level Stationary current in % Current intensity of the current vector (value

=100% x P0-0093 / P0-0092)

Duration 3000 ms Period for which the parameterized current

is maintained so that any oscillations that
may be present can settle, allowing an
optimum commutation angle to be reached

Wake and shake Commutation methods
First phase current vector Stationary current in %

@ current intensity of the current vector
(value = 100% x P0-0093 / P0-0092)

First phase ramp up time 100 ms
® Time for the current vector "a" to reach
its parameterized magnitude
Second phase current level Stationary current in %
®© current intensity of the current vector
(value = 100% x P0-0093 / P0-0092)
Second phase ramp up time 500 ms Time for the current vector "g" to reach its
parameterized magnitude
Commutation pos control: Kp 0.04 Amplification factor. Attention: If "0" then
Variant 2 will be carried out in Phase 2
Wake and shake expert Attention: Only experienced users should

change the following parameters!

First phase pos monitoring limit |0.5 degrees
@ Minimum angle of rotation of the rotor

required to detect movement

First phase step width 22.5 degrees
® cCurrent vector offset or segment

detection angle

First phase waiting time after step |150 ms
® The time from detection of movement

and the next step in Phase 1 or between
Phase 1 and Phase 2 (any oscillations in
the system have time to settle)

Second phase duration 3000 ms
® Period for which the parameterized

current is maintained so that any
oscillations that may be present can settle,
allowing an optimum commutation angle to
be reached

Error monitoring (range of motion) |90 degrees The maximum movement of the rotor
before it is switched off, since there would
otherwise be a risk that the motor would
make an uncontrolled movement.

= identifying characters for the description below
ONCHCNONOGRONG
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Motor with 3 pole pairs Motor with one pair of poles

Polepair

Pole pair

i
i
!
d o
S | >
@ O
1 1]
2 (f 'Motor shaft o
Of= (rotor) Electromagnetic 2 ctromagnetic
field direction o field direction

(current vector)

Static magnetic field
direction of the rotor
(flux vector)
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Phase 1 - approximate determination of the rotor position (motor shaft)

Step 1:

@ ® @ =seeIDN P-0-0165 parameter description above

© = flux vector of the rotor with permanent magnet.

Sequence:

A current vector "a" is developed during the time "b". Due to the
rising magnetic force, the rotor "c" is turned in the direction of the
current vector "a". The direction of rotation "d" is transmitted to the
feedback system and the AX5000, where it is stored.

@ ® @ ® =see IDNP-0-0165 parameter description above

© = flux vector of the rotor with permanent magnet.

Sequence:

A current vector "a" is developed during the time "b". Due to the
rising magnetic force, the rotor "c" is turned in the direction of the
current vector "a". The direction of rotation "d" is transmitted to the
feedback system and the AX5000, where it is stored and analyzed.
If the analysis shows that the direction of rotation "d" of the rotor "c"
has not changed when compared with that of the previous
impressed current, the process continues.

® ® @ © =seeIDN P-0-0165 parameter description above

© = flux vector of the rotor with permanent magnet.

Sequence:

The current vector "a" is again set to the magnitude "e" in the
direction of the rotor "c".

The current vector "a" is now again developed during the time "b".
Due to the rising magnetic force, the rotor "c" is turned in the
direction of the current vector "a". The direction of rotation "d" is
transmitted to the feedback system and the AX5000, where it is
stored and analyzed. In this case, the analysis shows that the
direction of rotation "d" of the rotor "c" has changed when
compared with that of the previous impressed current. As a result,
the sector in which the rotor "c" is located has been found, and
Phase 1 is therefore completed.
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Example of an oscilloscope display of Phase 1:

degree % A ® -
0 Movement of the rotor
60 — @
0,5
50 —
1,0 A
40 —
15
30 4 @
2,0
20 —
25
10 —
3,0 Current vector
17 1 1717 77 17 1 [ ™
50 100(150 200 250 300 350 400 450 500 550

Phase 2 - precise determination of the rotor position (motor shaft)

There are two variants of the precise localization that may be used in Phase 2. In the first variant, the rotor
only makes minimal movement, but this does require a very stable system with only a slight tendency to

oscillate. In the second variant, the rotor can move by up to a maximum of half the sector ® , but this
method is much more tolerant against oscillation.

The value set in the parameter IDN-P-0-0165 "Commutation pos control: Kp" controls which variant is used:
IDN-P-0-0165 "Commutation pos control: Kp" > 0 --> Variant 1
IDN-P-0-0165 "Commutation pos control: Kp" = 0 --> Variant 2

Variant 1 (IDN-P-0-0165 "Commutation pos control: Kp" > 0 ):
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@ ® ©@ ® =seeIDNP-0-0165 parameter
description above

© = flux vector of the rotor with permanent
magnet.

@D = movement of the rotor

Sequence:

The current vector "g" is developed starting from
the final position of the current vector "a" in Phase
1. Due to the rising magnetic force, the rotor "c" is
turned in the direction of the current vector "g". The
movement is passed through the feedback system
to the AX5000, and supplied to a control loop. This
control loop immediately corrects the direction of
the current vector. This algorithm is executed until
the parameterized current intensity is achieved, and
the current vector approximately coincides with the
flux vector. The current is now maintained over the
period "h" which ensures that optimum
commutation takes place. In this control algorithm,
the rotor only moves minimally through "i".

Variant 2 (IDN-P-0-0165 "Commutation pos control: Kp" =0 ):

@ ® © ® =seeIDNP-0-0165 parameter
description above

© = flux vector of the rotor with permanent
magnet.

@ = movement of the rotor

Sequence:

After determining the sector "e" in Phase 1, the
current vector "g" is placed exactly in the center of
the sector "e", and this current is developed. Due to
the rising magnetic force, the rotor "c" is turned in
the direction of the current vector "g" until they
coincide. In this static alignment, the rotor cannot

move more than half the width of the sector "e".
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Using IDN P-0-0165 to affect wake&shake

Parameter

Default

Possible causes that might require a
change in the default value

First phase current level

Stationary current in %

Sluggish system,

high attenuation --> increase value
Smooth system,

low attenuation --> reduce value

First phase ramp up time 100 ms Sluggish system,
high attenuation --> increase value
Smooth system,
low attenuation --> reduce value
First phase pos monitoring limit 0.5 degrees Application only permits very limited

uncontrolled changes in the movement
--> reduce value

The system has a small amount of
attenuation

--> reduce value

The loading relationships require more
overshoot

--> increase value

First phase step width

22.5 degrees

First phase waiting time after step

150 ms

Decay behavior of the system:
Long settling time --> increase value
Short settling time --> reduce value

Second phase current level

Stationary current in %

Second phase ramp up time

500 ms

Second phase duration 3000 ms

Error monitoring (range of motion) |90 degrees Application only permits very limited
uncontrolled changes in the movement
--> reduce value
The system has a small amount of
attenuation
--> reduce value
The loading relationships require more
overshoot
--> increase value

Commutation pos control: Kp 0.04 High load stiffness --> increase value

Low load stiffness --> reduce value

A special case "0": Variant 2 is carried out in
Phase 2

10.6.2 Linear motors

The above description of the commutation process applies equally to rotary motors and to linear motors.
Depending on the construction, there are merely some differences of nomenclature (e.g. motor shaft (rotor) =
primary part; "degree" = "mm" (conversion is needed))

A

WARNING

Warning, risk of injury from uncontrolled movements!

The primary part is moved in steps during "wake&shake". In Phase 1 the maximum electri-
cal movement is 8 x (the value from "P-0-0-0165_Fist phase position monitoring limit"). In
Phase 2 it is 0.5 x (the value from "P-0-0-0165_Fist phase step width"). This formula can
only be applied if the previous investigation of stability has been concluded satisfactorily.
Make sure that your application permits this movement, secure the surroundings to prevent
unintentional entry, and make sure that nobody is in the hazardous area.
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Linear motors consist of a secondary assembly, whose position is fixed, onto which permanent magnets are
attached with alternating polarity and regular spacing. A primary assembly can undergo translatory
movement above this magnetic field. This movement is created by generating an electromagnetic field in the
primary assembly. Linear motors always have only one pair of poles, and the distance between the poles
therefore corresponds to one electrical rotation.

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

0
Magnet plates Permanent magnets with
(Fixed secondary assembly) alternating polarity

The "Electronic Commutation" section above can be applied to linear motors.

10.6.3 Commutation error "F2A0"

During operation of the motor the commutation is permanently monitored. The following conditions must
apply in order for the AX5000 to detect a commutation error:

1. The current velocity must be higher than the limit speed set in the IDN "P-0-0069 Commutation moni-
toring"

2. The power and acceleration vectors must have different signs.

3. The current power is greater than 95% of the value in the IDN "P-0-0092 Configured channel peak
current”.

When these three conditions apply it is very likely that there is a commutation error and that the motor is
undergoing uncontrolled acceleration; the AX5000 generates a commutation error and switches the motor
torque-free i.e. it stops without control.

' Warning, risk of injury from uncontrolled movements!

A certain distance will have been travelled from the point when the error is detected until
the motor stops. Make sure that your application permits this movement, secure the sur-
WARNING | roundings to prevent unintentional entry, and make sure that nobody is in the hazardous
area. This applies in particular to vertical axes.

Occurrence of commutation error
A commutation error almost always occurs when the axis is commissioned. If this error oc-

curs during regular operation of the axis then special measures need to be adopted. See
Note next chapter.
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10.6.4 Commutation error during regular operation (very rare)

Under special operating conditions the regular operation of the axes can fulfil the three conditions cited
above and therefore trigger this error message despite correct commutation. A number of examples are
given below which, however, occur very seldom:

1. When the servo drive is operating at the limit (conditions 1 and 3 are met) and external forces cause
an opposing torque which then fulfils condition 2, the servo drive generates a commutation error.

2. The servo drive is operating at the limit (conditions 1 and 3 are met) and an oscillating current is pro-
duced due to a rapid change of direction or speed. Condition 2 is then also met and a commutation er-
ror arises.

If these examples do not apply to your application, analyze the application and try to find the cause. If you
are unable to remedy the cause but still wish to operate the axis, there is only one option for suppressing the
commutation error:

Parameterize the value of the IDN P-0-0069 to the permitted maximum speed of the motor so that point 1 of
the above-mentioned factors cannot apply and the commutation error will no longer appear.

' Warning, risk of injury from uncontrolled movements!

Increasing the value of the IDN "P-0-0069" to the highest speed always means that the
commutation monitoring will no longer cause errors, even when other conditions actually
WARNING | call for this. This is particularly critical when the motor is being replaced. If the value of the
IDN "P-0-0069" is NOT reset, then uncontrolled movements of the motor may occur. Beck-
hoff recommends that you should NOT increase the value of the IDN "P-0-0069".

Drive design
As a rule the drive should not be designed at the limit i.e. the current power should reach a

max. of 90% of the P-0-0092 "Configured channel peak current" value.
Note

10.7 OCT

10.7.1 Precondition for operation

A prerequisite for operation of the OCT motor is a suitable AX5000 with a serial number > 105.000 and
firmware V 2.04 or higher.

AX5000 with hardware version 2

p . - The AX5000 with hardware version 2 is marked
‘ BECKH“F Eiserstr. 5 ) with "0200" (1) in the catalogue number. The
B e catalogue number can be found on the name
Automation GmbH  Phone: +49 5246 / 963-0 pIatesg
Cat. No.. AX5203-000 OZOOJ 1 -

Serial #: 000100001 Customized #: 0000
Input rated voltage:
1 phase 100-240 VAC or 3 phase 100-480 VAC

Output rated current: Input frequency:
2x3A 50/60 Hz

www.beckhoff.com  info@beckhoff.com o
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AX5000 with hardware version 2 and set "Featureflag 0"

The feature flags (3) are documented in the IDN "P-0-0322" (2). The "Feature Flag 0" must have the value 1

| Aligemein | EtherCAT [ DC | Prozessdaten | Startup | SoF - Online | Online | Corfiguration |
Linked MC/CHEC aHes:_I!Ehannel.ﬁ.<=>Nc: Achze 1 ChannelB<=>Mc: Achse 2
2 OEE -~ % @[5 N3 7 | Geeree
Tree b . '
D’ISP}E}" - ;
. Scope2 Download I Parameter set ﬂ;l Show in group
3}9“1' iﬂ ; L DN | Mame i
- ? TA SR Device component hardware Ids -
- : anne = 2 Control Peh
&l Parameter PCE ID version 1
[ Axis Managemen| - Hwld 1 3
i Controller Overviy G- Hwid 2 E
... Uff Control =8 Hwlid 3 /
i#- Motor and Feedb Feature flags |
- Scalings and NC I
.. Process Data/Ope Ir::;;“'" 2 E
: ure
‘.. Parameter List R 0
- Qperation P} 1 0 Supported Mo of channels i
. Diannnstics o F 1] ¥
e . I ; il &b
. | FuisState | Diag Code [liag Msg I Urmain Ok | Dclink C =
Channel 4 Drive Ready (x0000D012 'R/ Auds state machine: Control and power sec... = @
Channel B Drive Ready (00000012 R | Auis state machine: Control and power sec... L e T
< i ¢

AX5000 with hardware version 2 and firmware version 2.04 or higher.

The current firmware version of the AX5000 is

@ar& ver. [Fimware: v2.04 {Build 0001) £ 2aotloader: v2.02

Int. brake resistar power (W) 'I]_ o Bd. brake resistor pow
continous | peak F].D continous | peak

Digital Input 0 Digital Input 1 Digtal Input 2 Digital Input 3
L ] & L L
Channel A

Auis state ﬁnﬁﬂeadyi

Actual operation mode  [11: pos il feedback 11ag less

Motor 2T () [0

Motor termperature (C) ﬁTheﬂ'nistor resistance {Ohm) W
Amplifier temperature ("C) ETEI_ PCE temperature ('C) 410
Velocty command fpm) 0 Motor cument (%) HT

Actual velocity (pm) HI

Moter rotation anale 7} (322 q'j:v
ate I Diag Code | Diag Msa -
eady 00000012 'R #ds state machine: Control an

eady (00000012

R | Axis state machine: Cortrol an ™

displayed under (4) in the "Watch Window".

212

Version: 2.4

Servo Drives AX5000



BEGKHOFF Advanced system characteristics

10.8 Decommissioning

Serious risk of injury through electric shock!

Due to the DC link capacitors, the DC link terminal points "ZK+ and ZK- (DC+ and DC-)"

and "RB+ and RB-" may be subject to dangerous voltages exceeding 875 V., even after
DANGER | the servo drive was disconnected from the mains supply. Wait 5 minutes for the AX5101 —
AX5125 and AX520x; 15 minutes for the AX5140/AX5160/AX5172; 30 minutes for the
AX5190/AX5191; 45 minutes for the AX5192/AX5193 after disconnecting, and measure the
voltage at the DC link terminal points "ZK+ and ZK- (DC+ and DC-)". The device is safe
once the voltage has fallen below 50 V.
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10.9 Integrated safety

10.9.1 Safety-Card AX5801

10.9.2 Intended use

The AX5801 Safety Card is exclusively intended for application in the safety slot of the servo drives AX5101
— AX5140 and AX52xx. The cards are installed together with the servo drive as components in electrical
systems and machinery and may only be used in this way.

10.9.3 Scope of supply

The scope of supply includes the following components:
AX5801 Safety Card, 4-pin connector, 6-pin connector, technical documentation and packaging

If one of the components is damaged please notify the logistics company and Beckhoff Automation GmbH

immediately.

10.9.4 Safety regulations

A

DANGER

Serious risk of injury through electric shock!

Due to the DC link capacitors, the DC link terminal points "ZK+ and ZK- (DC+ and DC-)"
and "RB+ and RB-" may be subject to dangerous voltages exceeding 875 V., even after
the servo drive was disconnected from the mains supply. Wait 5 minutes for the AX5101 —
AX5125 and AX520x; 15 minutes for the AX5140/AX5160/AX5172; 30 minutes for the
AX5190/AX5191; 45 minutes for the AX5192/AX5193 after disconnecting, and measure the
voltage at the DC link terminal points "ZK+ and ZK- (DC+ and DC-)". The device is safe
once the voltage has fallen below 50 V.

A

Caution - Risk of injury!

Electronic equipment is not fail-safe. The machine manufacturer is responsible for ensuring
that the connected motors and the machine are brought into a safe state in the event of a

WARNING | fault in the drive system.
' Caution — electrostatic charging may lead to destruction of the Safety Card!
. The Safety Card is an ESD-sensitive component. Follow the usual ESD safety procedures
when handling the card (anti-static wrist straps, earthing of the relevant components etc.).
Attention
214 Version: 2.4 Servo Drives AX5000
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10.9.5 Personnel qualification

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

10.9.6 Product description

The AX5801 Safety Card from Beckhoff is used to realize the safe stop functions "STO or SS1 according to
IEC 61800-5-2". STO stands for SafeTorqueOff, SS1 for SafeStop1.

Thanks to the integrated two-channel monitoring of the AX5000, you can realize stop category 0 or 1
according to IEC 60204-1 with minimum effort and further TwinSAFE blocks from Beckhoff, thereby
achieving category 4, PL e according to ISO 13849-1:2006.

Two-channel monitoring is achieved through certified relays (Rel1 and Rel2). The relays are equipped with
positively driven contacts including feedback contacts (K1 and K2). The feedback contacts are connected in
series and potential-free with terminals (5) and (6) of the 6-pin connector.

The two coils (S1 and S2) have to be supplied with 24 V DC via terminals 1 and 2 or 3 and 4 of the 6-pin or
4-pin connector. Terminals 1-1, 2-2, 3-3 and 4-4 of the two connectors are bridged internally. If a relay
releases, the de-energizing circuit of the AX5000 servo drive range ensures that the connected motors (both
channels) become torque-free.

— ™ Jj]
REL 1 REL 2
J o - 1 ov
e CL g L C 2 24v+
0 2 IJ 3 ov
— , I 4 24v+
5 K1
_I = 6 K2
10.9.7 Technical data
Data Values
Relay operating voltage (terminal 1-4) 24 VDC -15% +20%
Feedback contacts operating voltage (5-6) 24 VDC -15% +20%
Max. switching current of the feedback contacts (5-6) 0.35A
Conductor cross-section of terminals 1-6 0.2 -1.5 mm?
Conductor strip length of terminals 1-6 10 mm
Current consumption 50 mA

We recommend using wire end sleeves!
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10.9.8 Installation of the AX5801 Safety Card

Serious risk of injury!
Due to the DC link capacitors, the DC link terminal points "ZK+ and ZK- (DC+ and DC-)"

and "RB+ and RB-" may be subject to dangerous voltages exceeding 875 V., even after
DANGER | the servo drive was disconnected from the mains supply. Wait 5 minutes for the AX5101 —
AX5125 and AX520x; 15 minutes for the AX5140/AX5160/AX5172; 30 minutes for the
AX5190/AX5191; 45 minutes for the AX5192/AX5193 after disconnecting, and measure the
voltage at the DC link terminal points "ZK+ and ZK- (DC+ and DC-)". The device is safe
once the voltage has fallen below 50 V.

10.9.8.1 Mechanical installation

10.9.8.1.1 Installation of the two connectors on the AX5801 Safety-Card
* Insert the enclosed 4-pin connector (1) into the socket.

Tighten the two bolts (2).

Insert the 6-pin connector (3) into the socket.(4).

Tighten the two bolts (5).

10.9.8.1.2 Installation of the AX5801 Safety-Card

 Fully release the bolt (6).
* Remove the insert (7) in the direction of the arrow (8).

» Carefully insert the Safety Card (9) into the opening in the direction of the arrow (10). The slot has
guides for the card on the short sides.
Ensure that the card is inserted into these guides.

» Tighten the bolt (11).
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10.9.8.2 Electrical installation

Configure the safety operation of servo drive via IDN P-0-2000. During the next system start-up the servo
drive automatically detects whether a Safety Card was inserted and whether the IDN P-0-2000
parameterization is correct. Error message "OxFDD4" indicates incorrect configuration. If the servo drive with
the Safety Card does not reach the safe state, error message "OxFDDS5" appears on the display of servo
drive. In this case please contact Beckhoff.

Danger for persons and equipment!
If an error message appears on the display of the AX5000 the servo drive must not be put

into service if the servo drive in the system or machine represents a safety-relevant part of
CAUTION |the control system.

10.9.9 Application example (emergency stop — stop category 1)

Components involved:

« Emergency stop device (control switch S1) according to ISO 13850 and control switch S2

+ 1 safety input terminal (KL1904) and 1 input terminal (KL 1404)

» 1 safety logic terminal (KL6904) with function block "ESTOP"

+ AX5801 Safety Card and servo drive from the AX5000 range

» Programmabile logic controller (PLC) and EtherCAT fieldbus
By activating the emergency stop device (S1) inputs EStopin1 and EStopIn2 of FB "ESTOP" are switched to
state "0", resulting in outputs EStopOut and EStopDelOut of FB "ESTOP" being switched to state "0". As a
result, a quick stop command is issued to the PLC and therefore the AX5000 via EtherCAT. The output
EStopDelOut of FB "ESTOP" ensures that after a specified delay time the 24 V supply of the AX5801 Safety

Card is interrupted. This causes the relays (REL1 and REL2) to release and both channels (motors) to be
made torque-free via the internal deactivation procedure of the AX5000.

In the event of a fault the controlled shutdown (quick stop) may fail. The Safety Card becomes active once
the delay time has elapsed, and all motors connected to the device run out. The risk analysis for the machine
must indicate that this behavior can be tolerated. An interlock may be required.

The delay time must be set slightly longer than the maximum braking time of the quick stop.

Sticking relay contacts on the Safety Card are detected via input EDM1 of FB "ESTOP", and restarting is
prevented.

When the emergency stop device is released again, the control switch (S2) must be operated (first rising
then falling edge at the restart input of FB "ESTOP") in order to restart the AX5000.
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10.9.10 Application example with several AX5000

G2 1
I i
i -
ESTOP ‘
1][5] r"----éRestart
10| | r--- ~EStopin1
S2 ====EStopin2 i
(8| ==EDM1 EStopOuts== = lr==
) | EStopDelOuts== Dg %@‘2‘1\,4
0)(Q . %
\ | i 1'3 Y Q |
317 \ I\ - =
0© \ %EJ ‘
- __& 0o @0 oV
4](8] ]
) ]
I:és.a.“a" IR
| | ]
|47[ 87
=g ‘...% 66
BECNHOFF, KLE9O4
I e |
- |
S1 |
2](6
¢y
23
00
—— 1
L —
00
Ki_fw |
WS - S N
(D) © @) (@)
gl ol N WA
[S]__[8] _I8]_[6l 1 [l _[8] jsl_Jsl
’ = 15 |r 1 15 =1 1 1 1
o2 20 =2 20 =4 2 2 2 ™
o 30 —n3 | 3o -3 | 3o 13 | 305
="t gc‘ - Tl|4 g\'T '?1]4_]_ g.. 4 g
= | = [ —— )
of] 8= L =15 L =l || | o e
lef 18] lef 1] |
| AXS801 | AX5801 | | AXS801 AX5801 |
AX5000 yo5 x04 AX5000 yp5 x04 AX5000 x5 %04 AX5000 xp5 04
= electric connection ~ eeesee- = logic link
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11 Project planning

11.1  Important information for project planning

The more thoroughly a machine or plant project is thought through in advance, the less risk there is of having
to carry out expensive modifications during or after commissioning. This applies to both the mechanical and
electrical design. This chapter can only provide a brief overview of electrical project planning.

11.2  Drive train design

Application, servo drive, motors and gear mechanism must be adapted to each other so that there is an
adequate safety margin for all components as a degree of sluggishness appears over time due to high
temperatures or wear. Make sure that the components in the working area of the system have adequate
reserves so that the working life is not impaired and the necessary control quality can be maintained.

11.3 Energy management

If the quality of the mains supply is impaired due to wide fluctuations in voltage, then both the servo drive
specification and the speed range of the motor will need to be considered. With a positive tolerance for
voltage fluctuation the upper limit value of the wide voltage input of the AX5000 needs to be taken into
account. With a negative tolerance of the voltage fluctuation it must be checked whether the decrease in
speed caused by the low voltage is permissible. With these motors what is known as field weakening
operation (check availability) of the servo drive may provide a solution. If the mains supply does not meet the
specifications for operation of the AX5000, then isolating transformers, mains chokes, mains filters or other
measures may be required.

Only AX5101 — AX5140!
An energy efficient drive system operates in a drive system with a shared DC link and

shared internal and possibly also external brake resistors or brake modules. If you are al-
Note ready using similar drive systems, the AX5000 offers a convenient diagnostic system for
determining the load on the brake resistors and for transferring the values. Previous experi-
ence with drive systems shows that in such a system much smaller or even no external
brake resistors / brake modules need to be used.

11.4 EMC, earthing, shield connection and potential

m EMC information of the servo drive AX5000!

For further information, please read the EMC — information brochure of the servo drive

AX5000. You will find the document on the Beckhoff homepage (www.beckhoff.com) under:
Motion — Documentation — EMC — leaflet.

Note

11.5 Control cabinet

The dimensions of the control cabinet must be sufficient to accommodate all components with the specified
distances. Remember that high temperatures may necessitate forced cooling. Position the control cabinet as
close as possible to the machine so that the motor cables can be as short as possible.

In addition, the control cabinet should have an earthed metal rear panel to which the AX5000 incl. periphery
are attached so that safe earthing can be guaranteed. If you are unable to guarantee these conditions you
need to earth the AX5000 and the relevant components using an approved cable of adequate size.
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12

Accessories

Accessories with UL-Listing!

If you wish to operate an AX5000 in an economic area that requires a UL-Listing, please
make sure that the accessories also have a UL-Listing.

The following optional accessories are available (see Beckhoff main catalog or www.beckhoff.de):

Motor and feedback cable (ready-made )

Motor and feedback cable sold by the metre

D-Sub connector X11, X12, X21, X22 individual (for feedback cable and resolver/Hall)
Motor and sensor connector X13, X14, X23, X24

EtherCAT bus cable, ready-made or sold by the metre

Synchronous servomotors (linear or rotational)

External ballast resistor

Expansion cards

Additional modules
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121  AX-Bridge - quick connection system

12.1.1  Supply module for multi-axis system

If several AX5000 are to be linked to form a multi-axis system, a supply module for connecting the mains
voltage and the control voltage (24 V) for the control electronics and the motor brake is required.

Figure Article no. Description
AX5901 AX-Bridge power supply module for connection of supply voltage and 24 V DC
* for control and brake energy (pluggable), for AX5x01...AX5125, 85 A

AX5902 AX-Bridge power supply module for connection of supply voltage and 24 V DC
for control and brake energy (pluggable), for AX5140, 85 A

I

To install the supply module connectors X01, X02 and X03 must be removed and replaced with the supply
module.

C.l‘.

12.1.2 AX-Bridge connection module (AX5x01 - AX5112)

The connection between the two AX amplifiers is established by moving the three busbar sliders of the first
connection module of the next drive to the left.

Figure Article no. |Description
AX5911 AX-Bridge power distribution module, quick connection system for power supply,
.;'l .___"l<‘ DC-Link and control voltage (pluggable), for AX5x01...AX5112, 85 A
5 -
:- s .-u-§|
Tels
sl
. ol
. .l
RLY = P
e ———

12.1.3 AX-Bridge connection module (AX5118 and AX5125)

The connection between the two AX amplifiers is established by moving the three busbar sliders of the first
connection module of the next drive to the left.

Figure Article no. Description
: AX5912 AX-Bridge power distribution module, quick connection system for power supply,
1 [ DC-Link and control voltage (pluggable), for AX5118 and AX5125, 85 A
IE!:{
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12.2

Brake module - AX5021-0000

Figure Art.-No. Description
AX5021-0000-0000 |Using a brake module it is possible to take up additional braking
" power in a drive system, because the connection of an external
J o brake resistor without a brake module in a drive system with

devices up to max. 25 A rated current is not permissible. A
further advantage is the simple installation and the small space
requirement of the brake module. The brake module is equipped
with a complete DC link and an internal brake resistor and
enables the connection of an external brake resistor with the
integrated brake chopper. Several brake modules can be
integrated into a drive system.

Operating conditions

The brake module may only be used together with servo drives of the AX51xx-xxxx-02xx or
AX52xx-xxxx-02xx series. These devices have serial numbers above 100.000. In addition

Note to the AX5021, the drive system must include at least two further servo drives from the
AX5000 range.
12.2.1 Electrical data
Electrcal data AX5021
int. Resistance” [W] 150
int. Resistance? [W] 14.000
ext. Resistance min. [Q] 22
ext. Resistance® [W] 6.000
ext. Resistance® [W] max. 32.000
Power loss P [W] max. 250
Charging rate 24 V. [A] 0.3-04
DC link capacity [uF] 705
" Durability break power P,
% Peak break power P
% Durability brake power P,
) Peak brake power P,
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12.2.2 Mechanical data

The external dimensions of the brake module are identical to the dimensions of the servo drives from the

AX5000 series up to 12 A.

Mechanical data AX5021

Weight approx. 4 kg

Width 92 mm

Height without plugs 274 mm

Depth without connectors / accessories 232 mm

Cable duct — >25
i =
2 93 S . >277,6 ﬂT
{fAXEOZ%} ‘ & AXEZOQB é Control cabinet door c'\:/lo%liﬂgtri]glgl(azti?]ced)

000 mo
5 © & o © (Incl. plug and cable for feedback)

O [

| M6 |

q P,
o
= ®

o o] 7] O
i ] [ [
o~ o~ O —_ ) (-
N~ » 2] 5]
s & D o
%o B @ |
§® 0@ AX5021
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[} [
iy m
Lo | Lo}
\ =
o nJ|n N o8
S z
92 =
N Cable duct
12.2.3 General overview
No. Name
1 Navigation rocker
2 Labelling field [
3 X05 - socket for EtherCAT output o
4 X03 — power supply 24 V DC
Input
5 X52 - connection of the temperature monitor
and the fan of the
external brake resistor
6 X51 - connection of the external brake resistor
7 X01 — mains supply
100 — 480V
8 X02 — DC link output
(890 V DC voltage).
9 Max. voltage 890 V DC at the DC link
terminals (X02). Once the device has
been switched off dangerous voltage
will still be present for a further 5 min-
utes. The device is safe once the volt-
DANGER age has fallen below 50 V.
10 X04 - socket for EtherCAT input
11 Display
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12.2.4 Pin strip assignment of X51 and X52

No. Name
1 T- = input of the temperature measurement sensor of the ex-
ternal brake resistor
2 T+ = input of the temperature measurement sensor of the ex- .
ternal brake resistor _ ™~
3 PE = protective conductor
4 F- = output to the fan controller
of the external brake resistor
5 F+ = output to the fan controller
of the external brake resistor
6 PE = protective conductor
7 B- = output to the controller of
the external brake resistor
8 B+ = output to the controller of
the external brake resistor

Please refer to the servo drive ‘Startup’ manual for the pin assignments of the remaining inputs and outputs.

m Temperature rise in the external brake resistor

The temperature rise of the external brake resistor should be monitored continuously via
temperature contacts (1) and (2).

Note

12.2.5 Electrical connection (example)

. Serious risk of injury through high electrical voltage!

Due to the DC link capacitors dangerous voltage may persist at the DC link contacts "X02"
after the servo drive has been disconnected from the mains supply. Wait 5 minutes after
DANGER | disconnection and measure the voltage on the DC link contacts DC+ and DC-. The device
is safe once the voltage has fallen below 50 V.

5 The example below describes the brake module and several servo

IS

5

[ \ [ drives, which are linked via AX-Bridge modules to make up a drive
’6“502:1{} H 0 ‘ ‘ Sx5158 ‘ ‘E& H GAXSZ@‘ system. We recommend that the brake module be placed in the
Ha first position with the AX-Bridge power supply module (AX5901)
" n @ 2 @@ @ and after that the servo drives with decreasing rated current; we
n _{ mam | assume here that the most powerful servo drive also releases the
B ? — © LI ©|—— © greatest brake energy.
= 7 o mm@”ﬁﬂ ~ DR IO0S. ¢ AuTION!
i i U, — e
o 1 GND*%}e g 3 ( 3 3 [ Uncontrolled movements!
=T E] TR . oy . .
< u < | If the drive system is disconnected from the mains due to a mains
W e L2 e o | failure, all axes of the drive system make uncontrolled movements.
el < o| Take suitable measures to ensure than no persons are endan-
N e gered during this time. Vertical axes are particularly dangerous.
8 U U } U]
0 AX5901 AX5912 AX5911
\
Eamd
l 099 ¢
Pos. Name Pos. Name
1 PC with TwinCAT and PLC 6 Patch cable
2 Output terminal 7 Control cable from the output terminal
2A  |Output "8" of the servo drive digital I/Os 7A  |Control cable from output ‘8 of the servo drive digital I/
Os
3 Brake module 8 Mains fuses
Servo drive (with the greatest brake energy) 9 Mains contactor
5 Servo Drives
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12.2.6 Integration into TwinCAT

Integration of the brake module by TCDriveManager and Powermanagement

S I | ne brake module can be integrated and
VALY erstesropekt § K . . .
. — == parameterized in the TCDriveManager as a
[ LR LR e completely digital /0O device.
[[omme | ) e ot s i et . s .
| ||'2 D omom The position descriptions are in the table below.
'fK:;.':J..M.. 1 Iphase | 5 He Eucoe) | e A il
; ;w:nunam Lmain [00 ¥ [ mﬂma'vl.- 3
& Dagnesties i L R |
u: 135 ||_ o s i |-4
mtit oo, : 9
| 9 5 (— O
Umainact + / . A > 7 <
= |[EaiElEals __
e (-3 st [ RN | g e [T
-8
Pos. |Description Pos.
Powermanagement 6 Activation / deactivation of the internal brake resistor
2 Mains voltage selection 7 External brake resistor parameter list
3 Phase monitoring (deactivate for single-phase mains) 8 0 = Deactivation of the external brake resistor
(not recommended)
1 = Standard energy management with external brake resistor
2 = Energy management with external brake resistor
(standalone)
4 Delay time until the phase monitoring responds 9 Enabling / disabling the fan of the external brake resistor and
(activate if mains is unclean) setting the switching thresholds Switch on Level: Percentage
specification of the rated capacity value of the external brake
resistor. Switch on Temp.: Max. temperature value for the
external brake resistor in °C.
5 Internal brake resistor parameter list
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12.2.7 DC link (only for 60A-170A devices)

Connection example DC link group!

For further information of the production for an DC link group you will find in the system
manual of the servo drive AX5000 under: "Connection example — DC link group [» 501"

Note

12.2.8 Operation modes of the AX5021

It can be assumed that a brake module is used only if the brake energy cannot be dissipated despite a DC link system and internal
brake resistors. The brake module can be operated in two different operation modes, which have a direct influence on the energy man-
agement. The operation modes can be selected when using the external brake resistor. The following sketches show the storage ca-
pacity of the DC link of the individual devices in relation to the operation modes.

Ext. brake resistor enabled (system / standard)

AX5021 AX5203 AX5103 AX5201 AX5101 Inthis operation mode the capacity of the DC link of the brake
100% module is reduced by approx. 10%. At 90% DC link load the brake

90% chopper then directs the generated braking energy to the external
brake resistor and, when this has reached its capacity limit, into the
internal brake resistor. In this case the brake energy is first fed into
the brake module, since the brake choppers in the other servo
drives are only activated at 100% utilization of the DC link. This op-
eration mode is set as the default, because no further configuration
50%, - Frmm s s e arcas et ~ ofthe devices in the DC link system is necessary apart from the
basic configuration of the brake module. If the external brake resis-
tor of the brake module is mounted outside the control cabinet,
then the thermal load in the control cabinet is also lower.

Ext. brake resistor enabled (standalone brake chopper)

- AX5021 AX5203 AX5103 AX5201 AX5101 In this case the capacity of the DC links is fully utilized. This opera-

100% tion mode must be selected and, apart from the basic configuration
0% | of the brake module, the internal brake resistors of the devices in
the DC link system should be deactivated, as otherwise the ther-
mal load in the control cabinet will also increase. In order to reduce
the thermal load further, it is a good idea to mount an external
brake resistor on the brake module outside the control cabinet.

12.2.9 Braking power diagnosis

Power Management of the servo drive AX5000!

Further information for the diagnostics of the external brake resistors you will find in the
function description of the servo drive AX5000 under: “Power Management”.

Note
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12.3

Optional encoder card - AX5701 / AX5702

Figure

Art.-No.

Description

AX5701-0000

encoder option card for one additional
encoder input 1V, BiSS B, Hiperface,
EnDat

AX5702-0000

encoder option card for two additional
encoder inputs 1 V,,, BiSS B, Hiperface,
EnDat

The optional encoder card enables con-
nection of an additional feedback sys-
tems per channel. The system parame-
ters match the standard parameters that
are analyzed via inputs X11 and X21.
Through simple configuration via

jumpers up to six further digital inputs
(In "A" to In "F") can be analyzed, which
are provided through special feedback
systems via parameter channels. The
X41 and X42 sockets are compatible
with the plugs of the X11 and X21 front
sockets of the AX5000, which means
that the tried and tested cables from the
ZK4510 series can be used. To analyze
the additional digital inputs you simply
have to insert an adapter or establish a
suitable wiring. This optional card can-
not be used as commutation feedback
system (primary).

12.3.1

The optional encoder cards are exclusively intended for application in the optional rear slot of a servo drive
from the AX5000 series. The cards are installed together with the servo drive as components in electrical
systems and machinery and may only be used in this way.

Intended use

12.3.2 Safety regulations

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 and guidelines.

Caution - Danger of death!

A

Even when the AX5000 is disconnected from the mains voltage, dangerous voltage contin-
ues to be present at the "X02" terminals of the DC link for at least 5 minutes. Wait until the

DANGER | DC link capacitors are discharged before touching live terminals. The voltage measured be-
tween the DC+ and DC- terminals (X02) must have dropped to below 50 V.
Caution - Risk of injury!
Electronic equipment is not fail-safe. The machine manufacturer is responsible for ensuring
that the connected motors and the machine are brought into a safe state in the event of a
WARNING |fault in the drive system.
' Caution — Destruction of the optional encoder card through electrostatic
: charging!
. The optional encoder card is an ESD-sensitive component. Follow the usual ESD safety
Attention | yrocedures when handling the card (anti-static wrist straps, earthing of the relevant compo-
nents etc.).
UL approval

If you intend to operate an AX5000 in a region that requires UL approval, please refer to
the chapter "Guidelines and Standards".
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12.3.3 Product identification

12.3.3.1 Type key

AX5701 — optional encoder card for single-channel servo drives
AX5702 — optional encoder card for two-channel servo drives

Operation of the optional encoder card
The AX5701 can only be used in single-channel servo drives, the AX5702 can only be used

in two-channel servo drives.

Note

Inputs A to D are single-wire inputs (single-ended). They have a certain potential to ground, which is
analysed.

Inputs E to F are two-wire inputs (differential). Thy require (+) and (-) and analyse the voltage difference
between the conductions.

Firmware revision

AX5000-xxxx-02xx = mind. 2.03 build 0009

12.3.3.2 Description of the digital inputs

m Configuration of the digital inputs and outputs!

Further information on the control and configuration of the digital inputs and outputs can be

found in the function description of the servo drive AX5000 under: "Digital Inputs and Out-
Note puts".

12.3.3.3 Overview of sockets X41 (channel A) and X42 (channel B)

Pin |[EnDAT / Hiperface |Sin/Cos 1V, TTL" In"A" | In"B" | In"C" | In"D" | In"E" | In"F"
BiSS
|1 |SIN+ SIN + SIN + n.c. X X (+)
@ 2 |GND_5V GND_9V |GND_5V GND_5V
- 3 |COS+ COS + COS + n.c. X X (+)
4 |U,_5V n.c. U,_5V U,_5V
5 |DX+ (Data) |DX+ (Data) |n.c. B+ Y
o 6 |n.c. U, 9V n.c. n.c.
) 7 |nc n.c. REF Z REF Z
:‘E 8 |CLK+ (Clock) |n.c. n.c. A+ Y
& 9 REF SIN REF SIN REF SIN n.c. X X (-)
(=] 10 |GND_Sense |n.c. n.c. GND_Sense
E 11 |REF COS REF COS |REF COS n.c. X X (-)
8 12 |U,_5V Sense |n.c. U, 5V Sense |U,_5V Sense
& 13 |DX - (Data) DX - (Data) |n.c. n.c. Y
14 |n.c. n.c. Z+ Z+
15 |CLK - (Clock) |n.c. n.c. n.c. Y
!

DAttention: Wire break detection is not supported for TTL encoders.
The digital inputs "A" to "D" can be connected to X or Y.
The digital inputs "E" and "F" must be connected to X (+) and X (-).
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12.3.3.4 Configuration of jumpers J-"A" for channel "A" and J-"B" for channel "B"

Pins  Signal Jumper
X41/X42

The following table shows a selection of combination options.

m;lyu-i ’i g

 —e - ="

Channel A/B

E_ Dig_In “A” Qg
O——SIN +—{MeH g
©®—+REF SIN N a0y
i Dig_In “B”
E_ Dig_In “C”
Dig_In “F"
@—: COSIN +—[HH e
@ REF COSIN,—{IEH| " <
? Dig_in *D”
E_ Dig_In “A”
CLK+ / A+
©@— CLK- / A-—¢
? Dig_In “B"
é__ Dig_in *C"
©®— DX+ / B+
©—DXx-/ B-—{O
(?;_ Dig_in D"

%1 naz

Jumper (Channel A/B)

selective

overall

sO Os
HOMOI

17| 18
19| 20

Jumpers J-"A" and J-"B" (1) are located at the center of the printed circuit
board near the front panel of the card. For each channel there are 2 row of
jumpers, each with 20 pins. The default setting without analysis of the addi-

tional inputs is shown in the following figure.

The opposite figure shows the basic jumper configuration, which is the same
for channel A and channel B. The pins of input sockets X41 and X42 are
wired firmly to the corresponding pins of the jumpers rows. The non-config-
urable pins are not shown. To use the additional inputs proceed as follows:

» Reposition the relevant jumpers und set IDN P-0-0180-->Feedback
options-->Digital Inputs "Input A" to "Input D" to "used" or set
IDN P-0-0180-->Feedback options-->Digital Inputs "Input E" or "Input
F" to "used" without repositioning the jumpers.

» Connect the encoder cable as required for the relevant inputs or use

an adapter.

Feedback sys- Input "A" Input "B" Input "C" Input "D" Input "E" Input "F"
tem

EnDat not available

BiSS not available

Hiperface X X

Sin / Cos X X X X

1V,

TTLY X2 X? X3 X3 X2 X3

DAttention: Wire break detection is not supported for TTL encoders.

2 Either inputs "A" and "B" or input "E" can be used
% Either inputs "C" and "D" or input "F" can be used.

12.3.3.41

Technical data

Description

Value

Digital inputs "A" to "D" (single-ended)

Open collector with max. 1 mA

Digital inputs "E" to "F" (differential)

0 - 5V at the input resistance 120 W
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12.3.4 Installation of the optional encoder card

Caution - Danger of death!

Even when the AX5000 is disconnected from the mains voltage, dangerous voltage contin-
ues to be present at the "X02" terminals of the DC link for at least 5 minutes. Wait until the
DANGER | DC link capacitors are discharged before touching live terminals. The voltage measured be-
tween the DC+ and DC- terminals (X02) must have dropped to below 50 V.

' Destruction of the optional encoder card through electrostatic charging!
[ ]

The optional encoder card is an ESD-sensitive component. Follow the usual ESD safety

procedures when handling the card.
Attention

* Fully release the screw (1).
* Remove the panel (2).

« Carefully insert the optional card (3) into the
opening in the direction of the arrow. The slot
has guides for the card on the short sides.
Ensure that the card is inserted into these
guides. Tighten the bolt (4).

12.3.5 Sample: Renishaw RGH 22230D00

Feedback and inputs Scaling
= PO-0150 Feedback 2 lype = P-0-0160 Fesdhack 2 bype

Manufacturer 13: Renishaw 13: Renishaw Manufacturer 13; Renishaw 13: Renishaw
Feedback type 1: Linear feedhack 1: Linear feedhack Feedback wpe 1: Linear feedback 1: Linear feedback
Feedback type sting RenfiRGHZZZTTLS. ReniiRGH22Z-TTLS Feedback type string ReniRGH2ZZ-TTLE.. RenBRGHZZZTTLA.
Feedback use 1: Additional second m... 1 Addtional second m Easdback s 1: Additional secord . 1: Addional second m
Feedback direction 0 Positive disction O Pasitive dirsction Easaback Arection [ Pasitive dirsction [ Pasitive: dirsction
rsvd : 1svd
Power seltings + Power settings
Process chanmel = Process charnel
Parameter channel Process interface 2 Incremental 5 TTL 2 Incremental 5 TTL
Manutacturer limits settings Connector 41: %41 [Option Slot, E... 41: %41 (Option Slot, E
Feedback options = roud
Digtal Inputs Data
Input & [single ended] 0: Mot used 0: Mot used Sin / Cos
Input B [single ended] 0: Not used 0: Not used TIL
Input C (single ended] 1: used 1: used i <HEsolution per rotation 48000 48000
Input D [single ended) 0: Not used 0: Not used [T 00 500
Input E (differential] 1: used 1: used roud
Input F [differential) 0 Not used 0 Not used Batclist
reserved a 0 MES
v g g Patameter channel
rsvd Manufacturer fimits setlings

+ Feedback options

12.3.5.1 Overview of socket X41 (channel A) and jumper configuration

Socket X41 |Pin  |Renishaw In "C" In "E" Jumper configuration
2 loND 5 . ar o el s Cremel
— — Dig_In “A”
3 Limit switch X é.:_A‘arm_é_E o 18 82
— Alarm - —{IH Software switch
N 4 U 5 V (IDN P-0-0180) 3 4
¢ = (L— Dig_In “B”
f 5 B+ ——Dig_In “C" 5 O O 6
s 6 n.c. O-Limit switch—g APl In P, 8
: 7 REF Z O]
i IR P 0
8 A+ 'g_in
- Dig_In “A”
9 Alarm - X - & 118 812
@——— A :I>_ 13 14
L] |10 GND_Sense
11 n.c. &_Digflm b 15 16
E— Dig_In“C"
12 U, 5V Sense PR 17 18
13 8- e _m:[>_ 19 20
14 Z+ GL—D\Q_In o
15 A-
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12.4 Optional encoder card - AX5721 | AX5722

Figure Art.-No. Description

AX5721-0000 encoder option card for one additional |The optional encoder card enables connection of
encoder input EnDat 2.2, BiSS C an additional feedback systems per channel. The
AX5722-0000 encoder option card for two additional |SYStém parameters match the standard parame-
encoder inputs EnDat 2.2, BiSS C ters that are analyzed via inputs X11 and X21.
Through simple configuration via jumpers up to
six further digital inputs (In "A" to In "F") can be
analyzed, which are provided through special
feedback systems via parameter channels. The
X41 and X42 sockets are compatible with the
plugs of the X11 and X21 front sockets of the
AX5000, which means that the tried and tested
cables from the ZK4510 series can be used. To
analyze the additional digital inputs you simply
have to insert an adapter or establish a suitable
wiring. This optional card cannot be used as
commutation feedback system (primary).

12.4.1 Intended use

12.4.2 Safety regulations

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 and guidelines.

Danger of death!
Due to the DC link capacitors dangerous voltage (> 875V,c) may persist at the DC link con-

tacts “ZK+ and ZK- (DC+ and DC-)* and “RB+ and RB-* after the servo drive has been dis-
DANGER | connected from the mains supply. After disconnecting the servo drive wait at AX5101 -
AX5125 and AX520x; 5 minutes, at AX5140/AX5160/AX5172; 15 minutes, at AX5190/
AX5191; 30 minutes and at AX5192/AX5193; 45 minutes and measure the voltage at the
DC link contacts ZK+ and ZK- (DC+ and DC-). The device is safe once the voltage has
fallen below 50 V.

Warning - Risk of injury!
Electronic equipment is not fail-safe. The machine manufacturer is responsible for ensuring

that the connected motors and the machine are brought into safe state in the event of a
WARNING | fault in the drive system.

The digital encoder card is an ESD-sensitive component. Follow the usual ESD safety pro-

2 Destruction of the digital encoder card through electrostatic charging!
cedures when handling the card.

CAUTION

UL approval

If you intend to operate an AX5000 in a region that requires UL approval, please refer to
the chapter "Guidelines and Standards".
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12.4.3 Product identification

12.4.3.1 Type key

AX5721 — High Resolution Digital Encoder Option Card for single-channel servo drives.
AX5722 — High Resolution Digital Encoder Option Card for dual-channel servo drives.

No safety functions!
Safety functions cannot be implemented with the encoder option card.

Note

The encoder option card enables the connection of one digital feedback system per channel. The sockets
X41 or X42 respectively are not plug-compatible with the front sockets X11 or X21 respectively of the
AX5000. The following interfaces are supported:

e EnDat 2.2
« BiSS “C” mode

Firmware revision:

AX5000: 2.06 or higher and AX572x: 2.06 or higher.

12.4.3.2 Overview of sockets X41 (channel A) and X42 (channel B)

Pin |EnDat 2.2 BiSS C Output current
I 1 n.c. n.c. 0.25 A/ Channel
@ 2 GND GND
— 3 n.c. n.c.
4 5V+ £10% 5V+ +£10%
5 Data+ Data+
o 6 12v 12v
hm- 7 n.c. n.c.
:é 8 CLK+ CLK+
& 9 n.c. n.c.
(o] 10 GND sense GND sense
E 11 n.c. n.c.
8 12 5V sense +10% 5V sense +10%
o 13 Data- Data-
14 n.c. n.c.
./ 15 |CLK- CLK-
|

DAttention: Wire break detection is not supported for TTL encoders.
The digital inputs "A" to "D" can be connected to X or Y.
The digital inputs "E" and "F" must be connected to X (+) and X (-).

12.4.3.2.1 Technical data

Max. single turn resolution: 32 bit

Servo Drives AX5000 Version: 2.4 233



Accessories

BECKHOFF

12.4.4 Installation of the optional encoder card

DANGER

. Caution - Danger of death!

ues to be present at the "X02" terminals of the DC link for at least 5 mi

Even when the AX5000 is disconnected from the mains voltage, dangerous voltage contin-

nutes. Wait until the

DC link capacitors are discharged before touching live terminals. The voltage measured be-
tween the DC+ and DC- terminals (X02) must have dropped to below 50 V.

Attention

The optional encoder card is an ESD-sensitive component. Follow the
procedures when handling the card.

Destruction of the optional encoder card through electrostatic charging!

usual ESD safety

»  Fully release the screw (1).
g

pullAER
|“|‘| 1333y

* Remove the panel (2).

opening in the direction of the arrow. The s
has guides for the card on the short sides.

Ensure that the card is inserted into these

guides. Tighten the bolt (4).

12.4.5 Error messages

« Carefully insert the optional card (3) into the

lot

No. Description

F870 |,Encoder not ready” — execute the RESET command (S-0-0099)

F872 |,Error flag active® — status changes to ,Safe-Op*“. Restart required.

F873 |,Get position timeout* — status changes to ,Safe-Op“. Restart required.

F874 |“Crc memory error’— execute the RESET command (S-0-0099)

F875 |“No EnDat 2.2 encoder connected’— execute the RESET command (S-0-0099)
F876 |“UART Error’— execute the RESET command (S-0-0099)

F877 |“Out of memory”— execute the RESET command (S-0-0099)

F879 |“Callibration error’— execute the RESET command (S-0-0099)

F87A |“AX572x power supply error’— execute the RESET command (S-0-0099)

F87C |“AX572x protocol not supported”— execute the RESET command (S-0-0099)
F87D |“AX572x wrong parameter’— execute the RESET command (S-0-0099)
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12.5 External Brake Resistor AX2090-BW5x

Figure Art.-No. Description

AX2090-BW5x |The external brake resistors of the AX2090-BW5x
series are able to convert the dynamic energy
generated during braking of a servomotor into heat.
The built-in temperature switch enables the system to
respond immediately to any overload of the brake
resistor through analysis in the AX5000 or the PLC.
All brake resistors of the AX2090-BW5x-xxxx series
are UL and CSA approved.

' Caution - Destruction of the equipment
[ ]

The brake resistor may only be connected to individual AX5000 devices or AX5021 brake
) modules. It must never be used in a drive system without the AX5021 brake module, since
Attention | this may lead to its destruction through overload.

' Caution - Destruction of the brake resistor and consequential damage
[ ]

The built-in temperature switch must be monitored, so that the machine can be stopped in

a controlled manner and switched off in the event of an overloading of the brake resistor.
Attention

12.5.1 Appropriate use

The brake resistors from the AX2090-BW5x-xxxx series are exclusively designed for direct application with
an AX5000 series servo drive or the AX5021 brake module. They are designed for installation as
components in electrical installations and machines together with the servo drive or the brake module, and
this is their only purpose.

12.5.2 Safety rules

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 and guidelines.

Serious risk of injury through electric shock!

Due to the DC link capacitors dangerous voltage (> 890V,) may persist at the DC link con-

tacts “ZK+ and ZK- (DC+ and DC-)* and “RB+ and RB-* after the servo drive has been dis-
DANGER | connected from the mains supply. After disconnecting the servo drive wait at AX5101 -
AX5125 and AX520x; 5 minutes, at AX5140/AX5160/AX5172; 15 minutes, at AX5190/
AX5191; 30 minutes and at AX5192/AX5193; 45 minutes and measure the voltage at the

DC link contacts ZK+ and ZK- (DC+ and DC-). The device is safe once the voltage has
fallen below 50 V.

Caution - Risk of injury through hot surfaces!
The temperature of the brake resistor housing surface may reach over 200 °C. Please en-

sure that the housing has cooled down below 40 °C before touching it.

WARNING

UL-Listing!

It is essential to observe directives and standards if you wish to operate an AX5000 in an
economic area that requires a UL-Listing.
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12.5.3 Product identification

Name plate

Figure

Pos.-No.

Description

Type power at 40 °C

BECKHQ_FE ‘E

Resistance

Catalog No.
Serial No.
1 E No.

+ AX2090 - BW50 - 0600

:FZECQU 400x 65 — |
1212934

Switching temperature

2 Type powerat40°C 1600 W

Product no

47Q
:180°C 8

Resistance
Switching temperature

Barcode

- Product No 1 217269

UL-Recognized Component — certification

A CE

CE — certification

6

E no.

Serial no.

2O 0N~ WOIN|=

Catalog no.

Type key

Figure

Pos.-No.

Description

2 4
| /
AX2/090-BW5x-yyyy/5

1 3

Drive Technology Acessories

BW = brake resistor

Servo drive AX5000

AW |N

0 = AX5000 up to 12 A rated channel current
1 =AX5118 up to AX5140
2 = AX5160 up to AX5172
3 = AX5190 up to AX5191
4 = AX5192 up to AX5193

AX5000
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12.5.4 Mechanical installation

12.5.4.1 Mounting positions and distances

(A) = vertical installation is only permitted according to the diagram (terminal box facing downwards).
(B) = horizontal installation

Assignment of the device classes

o [
@)
B
€ )
A

AX2090-BW51-3000 and AX2090-BW51-6000
AX2090-BW50-xxxx AX2090-BW52-3000 and AX2090-BW52-6000
AX2090-BW51-1000 AX2090-BW53-3000 and AX2090-BW53-6000
AX2090-BW54-3000 and AX2090-BW54-6000

For all mounting positions the following minimum distances must be adhered to:

200 mm to adjacent components, walls etc. and 300 mm to components, ceilings etc. above. If the device is
installed vertically (A), the minimum distance to components, floors etc. below is 200 mm in order to allow
unobstructed flow of air to the brake resistor.

12.5.5 Electrical installation
12.5.5.1 Important notes

Serious risk of injury through electric shock!
Only staff qualified and trained in electrical engineering are allowed to wire up the brake re-

sistors.

DANGER » Check the assignment of the servo drive and the brake resistor. Compare the rated

voltage and the rated current of the devices.

» Always make sure that the brake resistors are de-energized during assembly and
wiring, i.e. no voltage may be switched on for any piece of equipment which is to be
connected. Ensure that the control cabinet remains turned off (barrier, warning signs
etc.). The individual voltages will only be turned on again during commissioning.

* Due to the DC link capacitors, the DC link contacts "ZK+ and ZK- (DC+ and DC-)" and
"RB+ and RB-" may be subject to dangerous voltages exceeding 890V, even after the
servo drive was disconnected from the mains supply.

Wait 5 minutes for the AX5101 - AX5125 and AX520x; 15 minutes for the AX5140/
AX5160/AX5172; 30 minutes for the AX5190/AX5191; 45 minutes for the AX5192/
AX5193 after disconnecting, and measure the voltage at the DC links "ZK+ and ZK-
(DC+ and DC-)". The device is safe once the voltage has fallen below 50 V.
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12.5.5.2 Connection the brake resistor

Remove the two screws (1) and remove the cover (2) in direction of the arrow. Connect an adequately
dimensioned cable (see chapter "Cables") to the connections (3) of the resistor and the earthing stud (5) and
take it out of the terminal box through the strain-relief assembly (9). Ensure adequate strain relief with the
two screws (8). Connect the other side of the cable to the DC link contact connector "X2" of the AX5000. The
connector is supplied with the AX5000. Connect the earthing cable to the earthing conductor of the control
cabinet.

Connect an adequately dimensioned cable to the potential-free N/C contact (4) of the temperature switch
and take it out of the terminal box through the strain-relief assembly (7) (see chapter "Temperature switch").
Ensure adequate strain relief with the nut (6).

Install the cover (2) in reverse order.

238 Version: 2.4 Servo Drives AX5000



BECKHOFF

Accessories

12.5.5.3 Cables

Beckhoff offers pre-assembled cables for safe, faster and flawless installation of the motors. Beckhoff cables
have been tested with regard to the materials, shielding and connectors used. They ensure proper
functioning and compliance with statutory regulations such as EMC, UL etc. The use of other cables may
lead to unexpected interference and invalidate the warranty.

Caution - Fire hazard!
A The brake resistors can reach temperatures of almost 200 °C. Therefore, ensure adequate
thermostability of the cables! Cables with inadequate thermostability can cause a cable fire!
WARNING
' EMC safety
° Use only shielded cables.
Attention
Type Brake resistor Temperature switch
[mm?] [AWG] [mm?] [AWG]

AX2090-BW50-0300 1,5 16 0.75 18
AX2090-BW50-0600 1,5 16 0.75 18
AX2090-BW50-1600 1,5 16 0.75 18
AX2090-BW51-1000 2,5 12 0.75 18
AX2090-BW51-3000 2,5 12 0.75 18
AX2090-BW51-6000 2,5 12 0.75 18
AX2090-BW52-3000 4,0 12 0.75 18
AX2090-BW52-6000 4,0 12 0.75 18
AX2090-BW53-3000 6,0 12 0.75 18
AX2090-BW53-6000 6,0 12 0.75 18
AX2090-BW54-3000 6,0 12 0.75 18
AX2090-BW54-6000 6,0 12 0.75 18

We recommend wire end sleeves.
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12.5.5.4 Temperature switch

Attention

Destruction of the brake resistor!

The temperature switch is exclusively used for temperature monitoring. The brake resistor
is not switched off.

The temperature switch has a potential-free N/C contact, which enables immediate response to any overload
of the brake resistor through analysis in the AX5000 or the PLC. Connect the cable directly to a free input of
plug "X06". Then parameterize it such that the AX5000 stops the motor(s) with an emergency ramp or the
PLC reads and processes this input.

Type Switching temperature Switching current
24 VDC or 230 VAC
[°C] [A]
AX2090-BW50-0300 180 2
AX2090-BW50-0600 180 2
AX2090-BW50-1600 180 2
AX2090-BW51-1000 180 2
AX2090-BW51-3000 85 2
AX2090-BW51-6000 85 2
AX2090-BW52-3000 85 2
AX2090-BW52-6000 85 2
AX2090-BW53-3000 85 2
AX2090-BW53-6000 85 2
AX2090-BW54-3000 85 2
AX2090-BW54-6000 85 2

12.5.5.5 Short-term capacity

Brake resistors are usually not operated continuously, but only exposed to short-time duty. In the following
section the permitted short-term capacity is calculated based on the continuous power, overload factor and

duty cycle.

12.5.5.5.1 Duty cycle

The duty cycle is a relative value that depends on the switch-on time (t,,) and the cycle time. Cycle times up
to 120 sec. are used directly in the calculation. Should the cycle time exceed 120 sec., the maximum

relevant cycle time of 120 sec. is used in the calculation.

— Sample 1 Sample 2
i‘ H T,,=60s Tn=40s
_ Cycle time =280 s Cycle time =100 s
Cycle time Duty cycle = 50% Duty cycle =40 %
Further information of external brake resistors:
For further information on the configuration and diagnostics of external brake resistors,
please refer to the function description of the servo drive AX5000: “Diagnostic of external
Note brake resistors”.
240 Version: 2.4 Servo Drives AX5000




BECKHOFF

Accessories

12.5.5.5.2 Overload factor

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

Overload factor depending on duty circle

30 30
. 20 _ 20
€ 15 £ 15
£ 10 £ 10
2] [2]
o S
® N ®
Q Q
D D
3 3
[~
1 1
1 3 6 10 20 40 60 80100

ED [%]
Calculation formula

Short-term capacity = continuous power x overload factor

AX2090-BW50-xxxx and AX2090-BW51-1000

Overload factor depending on duty circle

3 6 10 20 40
ED [%]

60 80100

12.5.5.6 Overtemperature and continuous power at 100% duty cycle

If your application requires a higher continuous power than the specified nominal capacity, you can accept
this state if a higher brake resistor temperature is permitted. The following diagram shows the

overtemperature v. the continuous power.

permitted operating range
normal operating range inadmissible operating range
500
400 1 T
= at resistor element
@
\5 f;_______,
8 g
: .
- 200 / |
3 o at the housing surface
100
0
0 50 100 130 150 160 200 250

Continuous power in % of the nominal capacity

Normal operating range,
max. 130%

Permitted operating range,
max. 160%

Inadmissible operating range,
more than 160%

This operating range is recommended for
maximum service life and error-free opera-
tion.

This operating range is still permitted, al-
though it results in shorter service life with
higher failure probability

In this operating range there is a risk of de-
struction of the brake resistor through over-
heating. Due to the high temperatures the
adjacent components are also at risk.

Attention

Destruction of the brake resistor and adjacent components

Always ensure adequate ventilation of the brake resistor, since the temperatures of the
housing surface may exceed 200 °C.

Servo Drives AX5000
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12.5.6 Technical data

Dimensions
Type" Type power |Resistance |O |R H M u Weight AX5000
[W] * at 40 °C |[Q] [mm [[mm] |[mm] |[mm] |[[mm] |[kg]
|

AX2090-BW50-0300 |300 47 349 |92 120 230 64 2 AX5x01-AX5112
AX2090-BW50-0600 |600 47 549 |92 120 430 64 3 AX5x01-AX5112
AX2090-BW50-1600 |1600 47 649 |185 120 530 150 5,8 AX5x01-AX5112
AX2090-BW51-1000 |1000 23 749 |92 120 630 64 4 AX5118-AX5140
AX2090-BW51-3000 3000 23,4 490 [355 255 380 270 8 AX5118-AX5140
AX2090-BW51-6000 |6000 23,2 490 |455 255 380 370 12 AX5118-AX5140
AX2090-BW52-2000 |3000 13,2 490 |355 255 380 270 8 AX5160-AX5172
AX2090-BW52-6000 |6000 13,0 490 |455 255 380 370 12 AX5160-AX5172
AX2090-BW53-3000 |3000 10,2 490 |355 255 380 270 8 AX5190-AX5191
AX2090-BW53-6000 6000 10 490 |455 255 380 370 12 AX5190-AX5191
AX2090-BW54-3000 3000 6,6 490 |355 255 380 270 8 AX5192-AX5193
AX2090-BW54-6000 |6000 6,5 490 |455 255 380 370 12 AX5192-AX5193

*) 4% decrease in performance per 10K temperature difference

" All external brake resistor have the protection class IP20

Technical drawings
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12.6 Cables

12.6.1 General specification

Wire cross-section depending on the cable length (according to EN60402)

Beckhoff offers pre-assembled motor and feedback
cables for faster and flawless installation. Design,
\ \ \ dimensioning and installation have significant

I {m]

25mm*

16 mm?

influence on the function of a servo system. Beckhoff
servo cables have been tested with regard to the
material used, shielding and connection, in order to
guarantee proper function and compliance with
statutory requirements such as EMC. The use of
other may invalidate the warranty.

12.6.1.1 Line load for different types of installation
Fire hazard!
If several servo drives are operated at the same time the resulting total current of the con-
figuration must be taken into account for dimensioning of the cables. The information pro-
WARNING | vides in this section should be regarded as guidance. It is not intended as a substitute for
professional design based on the specific application.

Cable cross-section | Three-core non-metallic | Three-core non-metallic | Three-core non-metallic
sheathed cable or con- sheathed cable, stacked | sheathed cable, side by
duit on wall side, horizontal

[mm?] [AWG] [A] [A] [A]
1.5 16 12.2 15.2 16.1
2.5 12 16.5 21.0 22
4 10 23 28.0 30
6 10 29 36.0 37
10 8 40 50.0 52
16 53 66.0 70
25 67 84.0 88
35 83 104.0 114

Line load according to EN60204-1, Table 5, at an ambient temperature of 40°C

The cable descriptions can be found on the Beckhoff website at http://www.beckhoff.de/motion/

documentation.

Servo Drives AX5000
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12.6.2 Order key for motor and feedback cables

ZK4tuv-wwxy-zzzz
t Servo drive series 5 = AX5000
u Function 0 = Motor cable
1 = Encoder cable EnDat, Hiperface, BiSS
2 = Encoder cable Sin/Cos with zero pulse
3 = Resolver cable
4 = Temperature cable AL2000
5 = Hall cable for AL2000
v Function 0 = Motor - drive
1 = Extension cable
2 = Motor — choke (only AM3000 cable)
4 = Motor - other side
The free end is fitted with wire end sleeves
5 = Drive - other side
The free end is fitted with wire end sleeves
9 = Raw material
ww Motor series 00 = AL2000/AM2000/AM3000/AM3500
01to 19 = Beckhoff
80 to 89 = Beckhoff
20 to 29 = Alpha EnDat / Alpha resolver
30 to 39 = Lenze
40 to 49 = SEW
50 to 59 = Siemens
60 to 79 = Further
X Quality 90 to 99 = Further
0 = fixed installation / no motion
1 = dynamic / drag chain
2 = high dynamic / high-speed chain
6 = high torsion cable
y Cross-section [mm?] 0 = Feedback
1t0 8 = 0.75=1/1.0=2/1.5=3/2.5=4/4.0=5/6.0=6/10=7 / 16=8
9 = special
90 = 25
91 = 35
92 = 50
zzzz |Lengthindm
applies only if Y # 9 0001t0 9999 |= 1t0 1000 m
applies only if Y > 9 _001to_999 |= 1t0 100 m

12.6.3 SEW motors from the “DFS / CFM” range with stopping brake

AX5000

L1 L2 13 PE

The stopping brake of the SEW motors has to be connected via a
brake rectifier, to guarantee the “quick activation of the brake”. A 3
wire connection cable is required for this. The following schematic
diagram shows the correct connections of the motors to the
AX5000.

» SEW servo motor of the DFS/ CFM range (1)

» Motor brake cable ZK4500-4xxx (2)

+ SEW- BMV5 brake rectifier (3)

» Power supply unit with 5A minimum output current (4)

244
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12.6.4 Special motor connections

12.6.4.1 Linear motors of the AL2xxx series
12.6.4.1.1 Installation

Caution — Risk of injury through electric shock!
Remove the motor and feedback lines from the connector box to the servo drive when you

open the connector-box.

WARNING

Attaching the connector box!
The linear motor cables are not for trailing cables, hence the connector box has to be fixed

on the moving part of the linear motor.

Note

Unscrew the cover and fix the connector box with 2 M4 screws on the carriage of the linear motor.

Motor cable:

Strip the wires of the motor cable and fit wire end sleeves. Twist the screen of the motor cable and solder on
a cable with a minimum diameter of 1.5 mm?. Fit wire end sleeves or a cable lug to the free end. Place the
nut of socket “A” over the motor cable and feed the wires through the socket “A” in the box and screw the nut
onto socket “A”. Fit the shielded and PE cables with a “PE” connection and the power wires on connection
“X17.

Encoder cable:

Strip the wires of the encoder cable and fit wire end sleeves. Twist the screen of the encoder cable and
solder on a cable with a minimum diameter of 0.75 mm?. Fit wire end sleeves or a cable lug to the free end.
Place the nut of socket “B” over the encoder cable and feed the wires through the socket “B” in the box and
screw the nut onto socket “B”. Fit a “PE” connection to the shielded cable. Wire the signal wires to the “X2”
connection as per the table.

Connection pin Signal description MES LIKA SIKO NJ*
AL2200 SMS-V1 LE100 LIA 1 Vss
X1-PE PE / GND shield shield shield wh/gn
X2-1 COS - red orange green red
X2-2 GND white black black white
X2-3 SIN - yellow blue orange yellow
X2-4 + 5V DC brown red brown brown
X2-5 DATA+/Z+ --- white blue grey
X2-6 n.c. - - - -
X2-7 PTC --- ---
X2-8 Clock+ - --- --- -
X2-9 COS + blue green yellow blue
X2-10 GND sense grey -
X2-11 SIN + green yellow red green
X2-12 + 5V sense pink - - -
X2-13 DATA-/Z- --- violet pink
X2-14 PTC --- ---
X2-15 Clock- - -

Thermal protection cable:

Strip both wires of the thermal protection contact cable and fit wire end sleeves. Twist the screen of the
thermal protection contact cable and solder on a cable with a minimum diameter of 0.75 mm?. Fit wire end
sleeves or a cable lug to the free end. Place the nut of socket “C” over the thermal protection contact cable
and feed the wires through the socket “C” in the box and screw the nut onto socket “C”. Fit a “PE” connection
to the shielded cable. Fit both thermal protection contact wires to contacts “7” and “14” of connection “X2”.
Retighten the connector box cover.
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12.7

Motor chokes AX2090-MD50

Figure

Art.-No.

Description

AX2090-MD50-0012

motor choke for AX5000 (1.5...12 A),
necessary for motor cable = 25 m, up to 12
A rated current, necessary for motor cable =

A motor choke must be installed between
the AX5000 and the motor from a certain
motor cable length onwards. The motor
choke reduces the commutation current

25 m, max. 100 m, with integrated
connection cable (150 mm)

AX2090-MD50-0025

motor choke for AX5000 (18...25 A), up to
25 A rated current, necessary for motor
cable = 25 m, max. 50 m, with integrated
connection cable (150 mm)

flowing via the screen back into the AX5000
to a permissible value and can also provide
a solution to EMC problems.

12.7.1 Electrical connection

The motor chokes are connected based on the "plug & play" principle. Pull the two plug connectors from the
existing motor cable of the AX5000 and plug them into the sockets of the motor choke. The two plugs of the
integrated motor choke cable are then plugged into the socket of the AX5000.

Caution - Risk of injury through electric shock!

De-energize all electrical components (servo drive, control cabinet etc.) before commenc-
ing the installation or deinstallation of the motor choke.

WARNING
Connection cables
Use exclusively Beckhoff motor cables and firmly tighten the connecting plugs. Max. tight-
ening torque - M4 thread = 1.5 Nm 0.1 Max. tightening torque - M3 thread (motor connec-
Note tor) = 0.6 Nm 0.1.

Connection example

SERVO Motor
U e ;'ﬂ‘l.ll : - — Ly L
Voo f t __= = o V'
W o IJ II - - o W
BT T T LTI

I [
B (=]
i 1

A
(10T

P

12.7.2 Technical data

Rated motor current Motor cable length Servo Drives Motor choke
max. 400 V >20 m to 100 m AX5101, AX5103, AX5106, AX2090-MD50-0012
AX5112,
max. 480 V >20 m to 100 m AX5201, AX5203, AX5206
max. 400 V >20 m to 50 m AX5118 and AX5125 AX2090-MD50-0025
max. 480 V >20mto 50 m
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Data AX2090-MD50-0012 AX2090-MD50-0025
Rated voltage 480V AC 480 V AC
Rated frequency 0-60Hz 0-60Hz
Test voltage cable/cable for 2 s 1770V DC 1770 Vv DC
Test voltage cables/housing for 2 s 2700V DC 2700V DC
Rated temperature 50 °C 50 °C
Inductance 0.2 mH 0.12mH
Continuous load operation (S1) 12A 25A
Climate category (IEC 60068-1) 25/100/21 25/100/21
Approval UL 1283 UL 1283
Resistance [type] 25 mQ 15 mQ
Power loss 5-25 W 10 -35 W%
Weight 2.9kg 8.5 kg
Yrated current 1 - 12 A
Irated current 18 — 25 A
®measured at max. cable length of 100 m
“measured at max. cable length of 50 m
Servo Drives AX5000 Version: 2.4 247
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Insertion attenuation (reference value Z = 50 Q)

unsymmetrisch, Abschluss der Nachbarzweige

—-.— asymmetrisch, alle Zweige parallel (common mode)
— symmetrisch (differential mode)
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12.7.3 Installation of the motor choke AX2090-MD50-0012

Destruction of the motor choke!
+ Always install the motor choke vertically on an earthed metallic mounting plate. If no
metallic mounting plate is available, you must earth the motor choke; an earthing bolt is

CAUTION provided on the motor choke for this purpose.
» Ensure adequate ventilation of the motor choke. The permissible ambient conditions

are specified in the chapter "Technical data".
« It is essential to maintain the necessary distances to the AX5000 (see sketches below)

Servo Drives AX5000
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The motor chokes for the AX5000 (a) with a max. rated channel current of 12 A are bolted to the mounting
plate (d) below the device.

‘Figure 1’ shows a motor choke (b) for one channel.

In the case of 2-channel devices, the motor chokes are bolted on top of one another; see ‘figures 2 and 3’.
The spacer (e) is supplied with the motor choke.
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AX2090-MD50-0012

Accessories
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12.7.4.2 AX2090-MD50-0025
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12.8

12.8.1 Technical data

Mains choke AX2090-ND50

Environmental conditions

Three-phase mains chokes AX2090-ND50

Rated voltage

3 x 460V, -25% +10%, 50/60 Hz"

Overload factor

20xlyfor30s

Ambient temperature

-25 °C to +45 °C, with 1.3% (/°C) power derating to +60 °C

Mounting height

1000 m, with 6% (/1000 m) power derating to 4000 m

Relative humidity

15%...95%, condensation not permitted

Storage temperature

-25°Cto +70 °C

Protection class

IPOO

Short-circuit voltage

UK 4% at400V =9.24 V
UK2 % at400V =46V

Permissible level of contamination

P2 according to EN 61558-1

Thermal configuration

Ieff < IN

Material

The AX2090-ND50 devices are UL-certified for the US and Canadian

markets

Y at 60 Hz mains frequency the power loss is approx. 10% higher!

Three-phase mains chokes

AX2090-ND50-

Data 0060 0072 0090 0110 0143 0170
Rated current [A] 60 72 90 110 143 170
Power loss [W] 70 80 120 140 160 170
Inductance [mH] 0.25 0.20 0.16 0.13 0.10 0.09
Weight [kg] 7 10 13 15 25 25
Connection [mm?] 16 16 35 35 70 70
Short-circuit voltage 4 % Uy

12.8.2 Installing the mains chokes
Caution - Risk of injury through electric shock!
De-energize all electrical components (servo drive, control cabinet etc.) before commenc-
ing the installation or deinstallation of the mains choke.
WARNING

>

Caution - risk of injury through high voltages!

Mains chokes contain components that can store electrical charge. Wait 10 minutes after
disconnecting the mains chokes and measure the voltage on conductors L1 to L3. You can

WARNING | ensure safe working by letting the voltage drop below 50 V.
Beware of improper earthing!
Ensure proper earthing during installation of the mains chokes. The installation should take
place on a mounting plate (chromated / galvanized) suitable for earthing.

CAUTION

252
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12.8.2.1 Circuit diagram and installing

L1L2 L3 PE Assembly sequence:
0 Q0 Q » Position the mains choke on the mounting
EYcuees e surface.

i

} D ______ » Mark the positions of the thread holes on the
mounting surface.

e Centre and drill the thread holes. Then cut the

K1 threads in the holes.

surface with suitable screws.
Connection:

'

» Secure the mains choke on the mounting

» Connect the protective conductor connection of
e e R ! the mains choke with the PE rail.

» Connect the connecting cable of the mains
choke to the appropriate terminals of the servo

R &) drive.
» Connect the mains choke to the supply
C® network.
1

Serious risk of injury!
Due to the DC link capacitors dangerous voltage (> 890V,) may persist at the DC link con-

tacts “ZK+ and ZK-“and “RB+ and RB-* after the servo drive has been disconnected from
DANGER | the mains supply. After disconnecting the servo drive wait at AX5160/AX5172; 15 minutes,
at AX5190/AX5191; 30 minutes and at AX5192/AX5193; 45 minutes and measure the volt-
age at the DC link contacts ZK+ and ZK-. The device is safe once the voltage has fallen be-
low 50 V.

12.8.2.2 Dimensional drawing

AX2090-ND50-

Dimension [mm] 0060 0072 0090 0110 0143 0170
B (Wigth) 190 190 230 230 240 240
H (Height) 200 240 300 300 330 330
T (Depth) 120 110 160 180 200 200
A 170 170 180 180 190 190
c 68 78 08 122 125 125
D 8 8 8 8 11 11

ojojojojojojo|g i
2 2 2 -

w|>
IL
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12.9 Mains filter - AX2090-NF50

12.9.1 Technical data

AX2090-NF-50-
Data 0014 | 0032 0063 | 0100 | 0150 | 0180
Rated voltage [V ] 480
Rated frequency [Hz] 50/60
Rated current [A] 14.6 \ 32.8 63 100 | 150 | 180
Voltage cable/cable for 2 sec. 2236 -- -- -- --
[Vocl
Voltage cable/housing for 2 sec. 2720 -- - - -
[Vodl
Rated temperature [°C] 50 40
Climate category (IEC 60068-1) 25/100/21 -- - - --
Resistance [mQ] 9 ‘ 4 -- -- -- --
Leakage current [mA] 15 6.8 9.8
Weight [kg] 0.9 \ 1.75 5.0 6.0 6.8 | 7.0
Approvals EN 133200, UL 1283, CSA C22.2 No.8 - - - -

12.9.2 Installing the mains filter

A

WARNING

Caution - Risk of injury through electric shock!

De-energize all electrical components (servo drive, control cabinet etc.) before commenc-
ing the installation or deinstallation of the mains filter.

P>

Caution - Risk of injury through electric shock!

Mains filters contain components that can store electrical charge. Wait 5 minutes after dis-
connecting the filters and measure the voltage on conductors L1 to L3. The device is safe

WARNING | once the voltage has fallen below 50 V.
Personal injuries!
When installing the mains filter, the protective earth cables must be connected first as a
matter of principle. They must be disconnected last when deinstalling. Depending on the
CAUTION |size of the leakage current, the special regulations for the implementation of the protective

earth connection must be observed. Minimum requirement for the protective conductor KU-
value V = 4.5 for leakage currents |, < 10 mA or KU = 6 for I, > 10 mA.

" The KU-value is a variable for the classification of safety-related types of failure for protection against
dangerous shock current and excessive heating. A value of KU = 4.5 in relation to interruption is attained:

- with a permanently attached protective conductor = 1.5 mm?

« for protective conductor connection = 2.5 mm? with plug connector for industrial systems (IEC

60309-2).

KU = 6 in relation to interruption is attained with permanently connected conductors = 10 mm?, wherein the
type of connection and routing must comply with the standards applicable to PEN conductors.

Attention

Destruction of the mains filter

The mains filters must be protected by means of an appropriate overcurrent protection de-
vice against the impermissible exceeding of the rated current.

254
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12.9.2.1 Circuit diagram
- ) B ~ ) -
L1o * L . +—o 1
]
L2 o— . — - °l2'g
S
_— .
L3 o—! T L { + o L3
T 1

@O—h_ :
|
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Connection cables

The length of the connecting cable from the mains filter to the AX5000 must not exceed 0.4 m. Use

exclusively shielded connecting cables.

12.9.2.2 Dimensions and dimensional drawings

AX2090-NF50-
Dimensions 0014 0032 0063 0100 0150 0180
B1 [mm] 38,5 354, 40 45 60 180
B2 [mm] 46.4 58 62 75 90 200
B3 [mm] g4.5 a7 8.5
H1 [mm] 70 90 180 200 220 120
H2 [mm] 1.5 -- -- -- --
K [mm?] 4 10 0.6-16 16-50 35-95 Busbars
K1 [mm] -- -- -- -- -- 45
K2 [mm] -- - -- -- - 86
K3 [mm] -- -- -- -- -- 91
L1 [mm] 200 240 250 280 160
L2 [mm] 231 265 280 290 320 310
L3 [mm] 22145 2555 270 300 180
L4 [mm] -- -- 305 336 380 410
PE1 [mm] 60 70 -- -- -- 30
PE2 [mm] 9 8 -- -- -- --
PE [mm?] M5 M6 M8 M10
T [Nm] 0.5-0.6 1.2-15 -- -- -- --
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Figure Mains filter
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1210 Transient voltage suppressor - AX2090-TS50

Figure Art.-No. Description

AX2090-TS50-3000 The Beckhoff transient box of the series
AX2090-TS50 enables voltage peaks, by
means of switching operations in electrical
circuits or by electrostatic discharges to be
recorded.

12.10.1 Guidelines and Standards

12.10.1.1 Appropriate use

The AX2090-TS50-3000 transient boxes are accessory components for the AX5000 servo drive series. They
are specifically designed for the Canadian market, to protect supply networks from overvoltages and to

absorb current peaks.

The AX2090-TS50-3000 transient boxes are always installed as control cabinet components and may only
be commissioned as integrated system components.

Caution - Risk of injury!
Electronic equipment is not fail-safe. The machine manufacturer is responsible for ensuring

that the connected motors and the machine are brought into a safe state in the event of a
WARNING | fault in the drive system.

The transient boxes may only be operated in closed control cabinets, under the conditions described in the
"Technical data [»_258]" section.

12.10.1.2 CSA approval

The AX2090-TS50-3000 transient box series was approved by the American UL certification authority for the
Canadian market, in accordance with the standards and guidelines applicable in Canada.

o |Transient box with CSA approval:
(:N AX52090-TS50-3000 — certified according to CAN / CSA C22.2 no. 274.

The cRU logo should be shown on the name plate. If you wish to operate an AX2090-TS50-3000 in Canada,
please check whether the name plate shows the cRU logo.
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12.10.2 Technical data

This section contains general technical data and ordering information for the Beckhoff AX2090-TS50-3000
transient box. See below for name plate information (technical approvals, certifications, mains supply, etc.).

AX2090-TS50-3000

Electrical data

Rated input voltage [V ] 100 — 480

Max. pulse peak current [A] 3000 at 25 °C

Power derating 20% at 50 °C

Transient protection Fuse AX3-430C or similar according to E128662

AX2090-TS50-3000
Mechanical data

Material Housing: Cast aluminum
Cover: Cast aluminum with CR foam rubber perimeter seal
Surface Textured paint
Color RAL 7001
Ambient temperature [°C] -25to +85
IP protection class IP 66 (closed state) according to IEC 60 529
NEMA protection class NEMA 4
Weight [kg] 1,56

AX2090-TS50-3000

Ordering information Transient protection for servo drives of the AX5101 — AX5125 and AX520x
series, required for CSA certification

12.10.2.1 Name plate

Hiilshorstweg 20 Phone: + 4952 46 /9 63 - 0

BECKHOFF D-33415verl  Fax. :+495246/963-198

1\ German www.Beckhoff.com info.beckhoff.com
T Cat. No. : AX2090-TS50-3000
Power Conversion Equipment
Use only with AX5000-0000-0200 series 8

/
2— Max. Peak pulse current |, : 3000A @ 25 °C /
33— Input rated voltage : 3 phases 100-480 VAC wye-source-only
Input frequency : 50/60 Hz
v
47
T P S
I | E19§162
/ / \
5 6 7

Item no. Name

Order number

Max. pulse peak current

Rated input voltage

Input frequency

Barcode

Protection class

cRU-compliant (E195162)

Standard mains supply with earthed center

OINOO AW IN| I~
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12.10.3 Installation of the transient box

12.10.3.1 Connection example
AX5101 - AX5112 - AX520x AX5118, AX5125

b @ @
®
[Ee——r:

] ©

o —1] ©

i — O[O

) ) :I:I )

[o] R 1 (o] |;
® = || |®
Lo | Ll (Lo
2 || 2 [
E o E:O
-H @ ] )
7] % I e i
T e T el

— ]
]
\

‘”:g‘:i‘:i‘

- n 1EEE ] Ln nJ

L1| L2|L3|PE| L1 L2|L3|PE|

Item no. Name
1 Transient box AX2090-TS50-3000

2 Mains filter (optional) AX2090-NF50-0014 (AX5101 - AX5112 and AX520x)
Mains filter (optional) AX2090-NF50-0032 (AX5118 and AX5125)

Connection cables

When assembling the connecting cables note the following lengths:
+ cable between the transient box and the mains filter (optional): min. 200 mm.
+ cable between the mains filter and the AX5000 servo drive: max. 400 mm.

m EMC-compliant installation of the components and shield concept

For further information on EMC-compliant installation and the shield concept

please refer to the Beckhoff website (www.beckhoff.com) under:
Note Motion — Documentation — AX5000 — EMC leaflet.
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12.10.3.2 Installation in the control cabinet

Beckhoff Automation GmbH & Co. KG recommends M6 screws with through-hole thread of strength grade
8.8 for installation of the transient box in the control cabinet. The screws should be tightened with a
maximum tightening torque of 7.3 Nm.

Caution - Risk of injury through electric shock!
The mounting plate must be earthed according to the statutory regulations.

WARNING

] Earthing!
° Improper earthing of the AX2090-TS50-3000 transient box can result in EMC problems.

Attention

12.10.3.3 Dimensions

AX2090-TS50-3000

220 91
| 204 | Schnitt A - A
1 - M [ - _
| J“f o
&) @ o

104

Q ©
©

82

120

=)] 10 @ R
M6 i ol 3
ole ® /
S "

Tightening torques for the fastening screws (cover)
M6 x 40 (4 screws) ‘2 *'Nm
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13 Appendix

13.1  Error management

13.1.1 General

Fatal errors are error types requiring reinitialization of the connected AX5000 feedback systems. For this the
communication status of the EtherCAT Slave State Machine must be changed from Operational (Op) to
Safe-Operational (Safe-Op), which takes place automatically on the occurrence of a fatal error in the case of
standard parameterization. In such a case the drive is in ErrSafe-Op, since an error is additionally signaled.
Since two-channel devices possess only one communication unit and no axis operation is possible in the
SafeOp state, both channels are stopped by default. In this particular case, the change from Op to ErrSafe-
Op results in the working counter of the SyncUnit becoming invalid, since the AX5000 can no longer supply
valid actual values, resulting in all servo drives in this SyncUnit being disabled.

13.1.2 Requirement

The measures described in this section assume the following software versions.

 TwinCAT v2.10 b1329 or later versions
¢ Firmware v2.x or later versions

13.1.3 Parameterization

A fatal error completely stops a two-channel device by default, i.e. the error-free channel and the associated
SyncUnit are also stopped. If such a behavior is not permitted in the application, the default behavior can be
changed with the following parameterization of IDN P0-0350.

P-0-0350: Change of communication state in the event of fatal errors
0: Immediate state change (default)

If the servo drive is in "Op" state when the fatal error occurs, it immediately changes from "Op" to "ErrSafe-
Op" and sets the error bit in the EtherCAT state.

1: No change in communication state while the other channel is enabled

In this case the AX5000 initiates the state change from Op to ErrSafe-Op in the event of a fatal error on one
channel only once the error-free channel has been deactivated. The error-free channel can therefore
continue to operate until it is deactivated.

2: Change of status when the reset command is called (S-0-0099)

In the case of an active fatal error, the AX5000 only changes to "ErrSafeOp" if the Reset command is
executed in the drive; hence, the change of state can be initiated at the best possible time from the
application by means of the Reset command.

B P-0-0350 Emor reaction control word
: Emor reaction 1: 8} Ramp b} Torque off
HTH ation state change o 1 o i: Immediate state chang
ravd I Immediate state change
P--0351 Ermor reaction delay time 1: Mo state change while enabled
2. Siate change 7 reset is called
P-0-0360 Paramster set preamanosment = = g == s
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The IDN P-0-0040 is used in order to be able to diagnose in the PLC whether a fatal error situation has
occurred that will lead to a change of status when next deactivating a channel or when calling the Reset
command. This IDN should be read acyclically in the PLC with block "FB_SoERead". Cyclic evaluation is not
meaningful, since the AX5000 no longer supplies valid inputs in ErrSafe-Op state after a fatal error, and
therefore no valid information is transferred cyclically.

Bit O: this bit indicates whether the other channel has an error that will lead to a change of communication
from ‘Op’ to ‘ErrSafe-Op’ on deactivation of this channel.

Bit 1: this bit indicates whether this channel has a fatal error that will lead to a change of communication from
‘Op’ to ‘ErrSafe-Op’ on deactivation of the other channel. An error reset is not possible as long as this bit is
set.

Bit 2: this bit indicates whether this channel has a fatal error that will lead to a change of communication from
‘Op’ to ‘ErrSafe-Op’ on executing the Reset command.

Additional drive status word

Pending fatal emor on other channel: Watt on disable
Fatal emor; Reszet locked until other channel disabled
Fatal emor: State change f reset is called

rezerved

. P-0-0040

13.1.4 SyncUnit diagnostics

The individual servo drives should be consolidated in meaningful groups, depending on the application. Each
of these groups is allocated to a SyncUnit. Since each group has its own working counter, the individual
groups can continue to operate independently in the event of fatal errors. For particularly critical applications,
each AX5000 can be allocated a separate Sync Unit. However, this step should only be implemented in
cases where it is actually required, because each further Sync Unit results in additional data traffic on the
EtherCAT strand.

Allocation of servo drives to a Sync Unit

.~ TCDribeManager-fuer-Screenshots-GB.tsm - TwinCAT System Manager
2

Fle Edit Actions Wiew Options Help

Start the TwinCAT System Manager and left-click on
the associated EtherCAT strand (1). Select the
"EtherCAT" tab (2) and left-click on "Sync Unit
Assignment" (3). The "Sync Unit Assignment"
submenu appears. Section (4) shows the servo

D@ E|EE YRR |Hd | Hay 3B %@ %2 BAE e

B SvSTEM - Canfiguration
- Configuration

General | Adapte (_EtherAT ) ) aline | CoE - Online |

172168.21.21 Advanced Settings.

1 Netld:

=
< Device 1 (EtherCAT)

[

—TT
= 1-Image-Info

81 Inputs

$! outputs

§ InfoData

(+-B2l Box 1 (AX5203-0000-0007)

Bl B 2 (AX5206-0000-0010)

[ Ssync Unit Assignment
&8

Topology.

Frame | Cmd | Addh [ Len

[ [ SpncUnit | Cycle (ms] [ Utiiz

0 LRw 0x00010000 18
BN e nonomannn 4n

E Takivoigang  4.000

D

| Sone Uniez,

[ Fiepeats.. | Task [

Gow 1 [E<E203-0000-0007)
Bow 2 [#<6206-0000-0010)
Bow 3 [EXE118-0000-0010)

Sync: Urit Names:

Taktvoigang
Transport

ansp
Taktvorgang

Predefined Sync Units:

sid |

Delete

drives and their allocation to the Sync Units. Servo
drives AX5203 and AX5118 belong to Sync Unit
"Cycle Process", 5206 belongs to Sync Unit
"Transport".

262

Version: 2.4

Servo Drives AX5000



BECKHOFF

Appendix

13.1.5 Reinitialization, troubleshooting and reset

1. Analyze and rectify the fatal error.

2. Carry out an error reset via IDN S-0-0099. To this end the blocks "FB_SoEReset" or "FB_SoERe-

set_ByDriveRef" are available in the PLC.

3. Automatic change of communication state from "ErrSafe-Op" to "Op".
4. NC axis reset. To this end the block "NC_Reset" is available in the PLC.

|| TCDribeManager-fuer-Screenshots-GB.tsm - T K:AT System Manager
Fie Edt Acions ¥ew Options Help

DSl 2% 2emna (= s 3 on®e 2Qleled

B 5vSTEM - Configuration

4B nC - Configuration Genen OC | Process Data | Startup | So - Oniine | Orline | Configuration |
- B PLC - Configuration
. ; Cam- Cmf‘gwam Tope: [A35203.0000 EtherCAT Diive (SoE, 2 Ch) a
£ 10 - Corfiguration Froduct/Fievision;  [AX5203-0000-0007
1B 110 Devices /
5= Device 1 (EtherCaT) Auta Ing Addr 0
=% Device 1-Image EtherCAT Addr ™ [1001 - | Advanced SelD
== Device 1-Image-Info e —— et
&7 Inputs Previous Port: [Master B
$. Outputs 1
-

.

i Rax 1 (AXS205-0000-0007) 1

Bl box ¢ Amocousoou-ou10)
= Box 3 (A¥5118-0000-0010

&8 Mappings
Advanced Settings
- Behavior A
- Timeout Settings ~Startup Checking - State Machin
- FHL 51 [ Check Vendorld ¥ Auto Pestors Giares /
- Init Commands =
& Malbox [¥ Check Product Cods WV Wit for WeStale is Ok

& Distrbuted Clack
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IV Check Revision Number

I Check Serial Mumber
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i~ Final State
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™ Use LRDAMWR instead of LAW
¥ Include WL State Bitfs]

General
(l‘ Mo futele - Wse 2. fddiess
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¥ Include State
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I [richidz AoE Netid

¥ Include Drive Channels
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Firmware Update

In order for the communication state to automatically
switch back to "Op", flag "Wait for WcState is OK"
must be activated on the corresponding AX5000. This
is automatically the case for new configurations. In
existing configurations it may have to be set
accordingly.

Start the TwinCAT System Manager and left-click on
the associated servo drive (1). Select the "EtherCAT"
tab (2) and left-click on "Advanced Settings...." (3).
(3). The "Advanced Settings" submenu appears.
Select the flag "Wait for WcState is OK" with the left
mouse button (4).

The firmware of the AX5000 is a complex software, which is absolutely necessary for the operation of the
servo drive. The servo drives are subject to a constant process of further development and improvement
and, hence, the firmware is also under constant development, so that the latest technological innovations
can also be used.

13.2.1 Firmware version on the AX5000

The current firmware version of the AX5000 is
located in "IDN S-0-0030 - Manufacturer Version" and
can be displayed using the TCDriveManager as
follows: In the TwinCAT System Manager, mark the

L g
PO A Sy RS & @ EQaese 0T

G| ErwCal | 0 Immn--lmtﬁ(-wlaﬁ 2
U adHEO: s Chimvecohic A | (e hue

Eoh=-=h @0 EYE 1 [oemrer]

T =

-3

pmian | tmatd | tmancx | octeson [dogt e, [aousc | ver
pors el DR Ow A & . BT F e corel

[Dwveih Doy H:
(Owrald  Deee ey 0012 0B

BT 3 vebveried

servo drive (1) whose firmware version you would like
to know. Open the TCDriveManager (2) and click
"Device Info" (3). A window opens and the current
firmware version (4) appears in the "IDN S-0-0030".
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13.2.2 Update to a new firmware version

Read please the Release Notes carefully before the update. All important changes and additions to the
individual firmware versions for the servo drives are located in the corresponding file in the download area on
our homepage.

Never touch a running system!
This old IT concept applies more than ever today, in these times of the most complex sys-

tems with ever decreasing cycle times. Please do not perform firmware updates on a sys-
Note tem that is working well without a reason, unless requested to do so by Beckhoff Automa-
tion.

Update only within a version number!
We recommend firmware updates only within the same version number (e.g.: V.1.05 (Build

0003) to V.1.05 (Build 0007). If you want to update from V.1.05 to V.1.06, for example, you
Note would need to make further adjustments in TwinCAT. In accompaniment to that, we do not
recommend performing a so-called "downgrade" to a lower version number.

Do not work on live equipment!
The 24 V supply (plug "X03") must be connected to the servo drive in order to be able to

perform a firmware update. Make sure that the power supply (plug "X01") is disconnected
CAUTION | from the servo drive, so that uncontrolled movements of the equipment cannot occur.

13.2.2.1 Update preparation

So that you can perform a firmware update, a connection must be made to the computer with TwinCAT that
controls the AX5000. It is quite usual for you not to be in the area where the equipment is operated. That is
not also necessary, because there are three different procedures for establishing a connection:

Direct accesses to the control computer

e -0 YOU are in the same place where the equipment is
operated and can work directly on the control
computer. In this case you can continue immediately
. with the next chapter "Performing the update".

Remote access to the control computer

BECKHOFF

Information System

You are in a different place and have no direct
access to the control computer. In this case you can
also perform a firmware update on the control
computer using one of the remote connections (VPN
1 tunnel with remote desktop, VNC etc.) that are usual
in the IT world. Please make sure that the firewall is
configured accordingly for the remote connection and
that you have the necessary rights. After establishing
the remote connection you can continue with the next
chapter "Performing the update".

o |
[iSonc ngngel i Ty

Remote access by ADS

You are in a different place and have no direct access to the control computer, or the control computer is
located in a cleanroom or the like. In this case you can also perform a firmware update via remote access by
ADS. Please read in the Online Information System how to implement remote access by ADS. Afterwards
you can continue with the chapter "Performing the update”. The Online Information System is multilingual!

264 Version: 2.4 Servo Drives AX5000



BECKHOFF

Appendix

13.2.2.2 Performing the update

Click the button (1) in the TwinCAT System Manager

- Untitled - TWInCAT System Manager

Fie Edt Actions Yiew Options Help

e WIRENSTSLIEETCE] 0 enter the configuration mode. Confirm the query
D) Load 10 Do with OK (2). After that a further window appears
g londHoDees which must be confirmed with Yes (Ja) (3).

3 H " " H H
,TI"’ ] Deactivate the "Free Run" with No (Nein) (4).

The system is now in "Configuration mode".

TWinCAT System Manager [

\:\.’() Activate Free Run /4

Ja Tein I
N~

\

In order to perform the firmware update, you must

IDFwH OE YRR Al Havddeanimw e Qe e

click the "Online" tab (6) in the "EtherCAT

) B S¥STEM - Configuration
BB chiC - Corfiguration
£ B8 NC - Configuration
1B NC-Task § SAF
[B2 NC-Task 1 5v8
s NC-Task 1-Image.
7] Tables
- Ba fxes
i pis
- fixis 2
- s 3
i fis 4
- fixis 5
- s 6
i pis 7
- foxis &
- s 9
B PLC - Corfiguration
= B 1o - Corfiguration 5

Bl o Ve

== Device 2-Image-Info

§1 Inputs
-§) ourputs

§ InfoData

=]l Drives 1 (AX5101-0000-0011)
s+l Drive 2 (AX5103-0000-0011)
]| Drive 3 (AX5106-0000-0011)
-84 Drive 4 (AX5201-0000-0011)

)

#-&¢1 Drive 5 (415203-0000-0011
[ PR R v

G| At s | 5o Y 0| Device" (5). If you want to update several devices,

G you can select the respective servo drives (7)
; = together; in the case of one device, select only the
one servo drive. Subsequently, click with the right
mouse button inside the selected area and select the
command "Firmware Update" (8) in the command
R e /8 overview.

Request 'PREOF stats
7 Requsst 'SAFEOP state
Request 'O state

Cleat CAC Cleat Frames %ii‘ﬁi‘gz; g ] g
o In the place where you have stored the desired
we  Femweeen —— (Cu) firmware version, select the firmware file (9) and click

= e =) 'Open” (10). Confirm the window that then opens with
P[00I "OK"; the firmware update is then performed. After
successful completion you must click OK (11) in the

concluding "Function Succeeded" window.

10
TwinCAT System Manager [
Setmvrer. |

_ Teststand_Doku.tsm - TWinCAT System Manager - 'cx_n4212|= 2

Fle Edi Actions View Options telp

\lj) Function Succeeded!
/
I

Subsequently, TwinCAT must be brought from
configuration mode back into operation mode. To do

DEsH S22 Bavida)at s 2cqdewsneg el

B svSTEM - Configuration
B nC - Configuration

. ofn Device 2-mage

- == Device 2-Image-Info

QI Inputs
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[i Term 1 {cx1100-0004)

Bt) Drive & (A¥5203-0000-0011)
168 Mappings

@8 NC-Task 1 SAF - Device 2 (EtherCAT (v2,10 only);

this, click the button (12) and confirm the query that

General | Adapter | EtherCAT | Oriine | Co - Oriine |

: " "
PLC - Configuration W h O K 1 3
; Cam - Configuration Name: Device 2 (EtherCAT (v210 o)l 14 2 a p pea rs |t .
=B 110 - Configuration Type: [EtherCAT Adapter (Direct Mode, v2.10 only)
- B8 1/0 Devices
21 = Device 2 (EtherCAT (+2.10 only}) Commert | =l

TwinCAT System Manager [%]

3/ Restart TwinCAT Systemin Run Mode |

@ o Create symbols [
13

(H0|

Note

Update failed!

If the firmware update is aborted with an error message, you should try again. If the abor-
tion occurs several times, please start a further attempt with another copy of the firmware
file.
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14 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

266 Version: 2.4 Servo Drives AX5000


http://www.beckhoff.de/english/support/default.htm
http://www.beckhoff.com
http://www.beckhoff.com/english/download/default.htm

	1 Documented servo drives
	 Table of contents
	2 Foreword
	2.1 Notes on the documentation
	2.2 Documentation issue status
	2.2.1 Scope of the documentation

	2.3 Appropriate use
	2.3.1 Dual Use (EU 1382/2014)


	3 Guidelines and Standards
	3.1 EC declaration of conformity
	3.2 UL approval for devices up to 40 A for the US and Canada
	3.2.1 UL-specific chapter changes
	3.2.2 UL-specific chapter
	3.2.3 UL-specific notes

	3.3 UL approval for devices above 60A for the US and Canada
	3.3.1 UL-specific chapter changes
	3.3.2 UL-specific chapter
	3.3.3 UL-specific notes

	3.4 Electrical isolation according to EN 50178 / VDE 0160

	4 Safety
	4.1 Safety instructions
	4.2 Special safety notes for servo drives

	5 Handling
	5.1 Transport and storage
	5.2 Maintenance
	5.3 Cleaning
	5.4 Disposal

	6 Product overview
	6.1 Scope of supply
	6.2 Name plate
	6.3 Type key
	6.4 Image showing AX5101 - AX5112 and AX520x
	6.5 Image showing AX5118, AX5125 and AX5140
	6.6 Image showing AX5160 - AX5172
	6.7 Image showing AX5190 - AX5191
	6.8 Image showing AX5192 - AX5193

	7 Technical description
	7.1 Configuration of the servo drives
	7.2 General technical data
	7.2.1 Permissible ambient and operating conditions
	7.2.2 Electrical data - servo drive (AX5101 - AX5140)
	7.2.3 Electrical data - servo drive (AX52xx)
	7.2.4 Electrical data - servo drive (AX5160 - AX5193)
	7.2.5 Mechanical data - servo drive (AX5101-AX5140)
	7.2.6 Mechanical data - servo drive (AX52xx)
	7.2.7 Mechanical data - servo drive (AX5160 - AX5193)

	7.3 Dimensions
	7.3.1 AX5000 as single device (1.5 A - 40 A)
	7.3.2 AX5000 as single device (60 A - 170 A)

	7.4 Properties
	7.5 Wide voltage range
	7.6 Variable motor interface
	7.7 Multi-feedback interface

	8 Mechanical installation
	8.1 Installation examples (1.5 A - 40 A devices)
	8.2 Installation examples (60 A - 170 A devices)

	9 Electrical installation
	9.1 Connection of several servo drives to form a drive system
	9.1.1 Connection example - module AX5901 and AX5911 (AX Bridge)
	9.1.2 Connection example - wiring in series without AX bridge
	9.1.3 Connection example – DC link group (60 A to 170 A devices)
	9.1.4 UL drive system - configuration example

	9.2 Connection example AX5101 - AX5112 and AX520x
	9.3 Connection example AX5118 - AX5125 and AX5140
	9.4 Connection example AX5160 - AX5172
	9.5 Connection example AX5190 - AX5191
	9.6 Connection example AX5192 - AX5193
	9.7 Power supply (1.5 A - 40 A devices)
	9.7.1 X01: Main supply connection
	9.7.2 Fuse protection
	9.7.3 X02: DC Link (AX5101 - AX5125 und AX520x)
	9.7.4 X02: DC Link (only AX5140)
	9.7.5 X03: 24 VDC supply
	9.7.6 Safe system stop in the event of power failure

	9.8 Power supply (60 A - 170 A devices)
	9.8.1 X01 - Voltage input
	9.8.2 Fusing
	9.8.3 X02: DC link
	9.8.4 X03: 24 VDC supply
	9.8.5 Safe system stop in the event of power failure

	9.9 Leakage currents
	9.10 EtherCAT
	9.10.1 X04, X05: EtherCAT connection

	9.11 Digital I/Os
	9.11.1 X06: Digital I/Os
	9.11.2 Technical data
	9.11.3 Ordering information for I/O plug connectors
	9.11.4 Connection of digital sensors/actuators

	9.12 Feedback
	9.12.1 Rotational encoders
	9.12.2 Linear encoders
	9.12.3 X11 and X21: Feedback, high-resolution
	9.12.4 Resolver
	9.12.5 X12 and X22: Feedback, resolver / Hall
	9.12.6 X14 and X24: Feedback, OCT (1.5 A - 40 A devices)

	9.13 Motors
	9.13.1 Concept
	9.13.2 Motor data set
	9.13.3 TwinCAT Drive Manager
	9.13.4 Motor types
	9.13.4.1 Synchronous motors
	9.13.4.2 Asynchronous motors

	9.13.5 Motor connections (1.5 A - 40 A devices)
	9.13.5.1 X13 (A), X23 (B): AX5101 - AX5125 and AX520x
	9.13.5.2 X13: AX5140
	9.13.5.3 X14 (A), X24 (B): Motor brake, thermal contact (1.5 A - 40 A devices)

	9.13.6 Motor connections (60 A - 170 A devices)
	9.13.6.1 X13: AX5160 and AX5172
	9.13.6.2 X13: AX5190 and AX5191
	9.13.6.3 X13: AX5192 and AX5193
	9.13.6.4 X14: Motor brake, thermal contact


	9.14 External brake resistor
	9.14.1 X02 - AX5101-AX5125 and AX520x
	9.14.2 X07 - AX5140
	9.14.3 AX5160 and AX5172
	9.14.4 AX5190 and AX5191
	9.14.5 AX5192 and AX5193

	9.15 Motors and cables for servo drives  

	10 Advanced system characteristics
	10.1 Commissioning
	10.1.1 Important information for commissioning
	10.1.2 Software requirements 
	 Structure of TwinCAT NC PTP

	10.1.3 Rotary motors
	10.1.3.1 Commissioning under TwinCAT 2
	 Creating a project
	 Select target system
	 Adding EhterCAT master and drives
	 Configuring devices
	 Determining the motor type
	 Determine the motor without electronic type plate
	 Determine the motor with electronic type plate

	 Create NC axis configuration
	 Create CNC axis configuration
	 Specifying the scaling factor
	 Specifying velocities

	 Test mode
	 Configure drive
	 Checking the state
	 Activating manual control
	 Manual control guide

	 Typical error messages

	10.1.3.2 Commissioning under TwinCAT 3
	 Creating a project
	 Select target system
	 Implementing devices
	 Configuring devices
	 Determining the motor type
	 Determine the motor type without electronic name plate
	 Determine the motor type with an electronic name plate that was not read

	 Create axis configuration
	 Creating an NC axis
	 Creating a CNC axis

	 Specifying the scaling factor
	 Specifying velocities

	 Test mode
	 Configure drive
	 Checking the state
	 Activating manual control
	 Manual control guide

	 Typical error messages


	10.1.4 Linear motors
	10.1.4.1 Commissioning of linear motor axes
	 Requirements for commissioning
	 XML motor description
	 XML measuring system description

	 Commissioning
	 Motor and feedback selection
	 Scaling factor
	 Checking the linear encoder
	 Checking the motor phases and the encoder counting direction
	 Determination of the commutation offset
	 With incremental measuring systems
	 With absolute measuring systems

	 Moving the axis for test purposes
	 Determination of the control loop parameters


	 Troubleshooting
	 Feedback error
	 Error codes

	 Error F4A5 "SoE Communication Parameter Error"
	 Error F107 "Status of the axis: current controller not ready"

	 Checking the motor connection and feedback


	10.1.5 Third-party motors
	10.1.5.1 Commutation offset for third-party motors
	10.1.5.1.1 Preliminary remark
	10.1.5.1.2 Checking the direction of rotation
	10.1.5.1.3 Determining the electrical commutation offset
	10.1.5.1.4 Determining the mechanical commutation offset
	10.1.5.1.5 Configuration of the Wake&Shake routine


	10.1.6 Homing
	10.1.6.1 Homing
	 Position reference systems and encoder systems
	 General description of a homing procedure
	 Referencing modes
	 Parameterization in the System Manager
	 Referencing of coupled axes
	 Programming a homing procedure in the PLC
	 Drive types and I/O interface

	10.1.6.2 Special characteristics in hardware end positions
	 NC interface
	 PLC interface
	 Homing with latch function

	10.1.6.3 Probe Unit

	10.1.7 Error messages during commissioning
	10.1.7.1 FA49, Feedback process channel error (1Vss)
	 Voltage analysis
	 With an external oscilloscope
	 With the TwinCAT software oscilloscope




	10.2 EtherCAT
	10.2.1 Parameter handling
	 Transitions

	10.2.2 EtherCAT synchronization
	 EtherCAT Master
	 EtherCAT slave controller (ESC)
	 Sync0
	 Sync1
	 End of telegram (EOT)
	 Special notes concerning the diagnostic message F415 "Distributed Clocks: process data synchronization"



	10.3 Operation modes
	10.3.1 Mode parameterisation according to SoE

	10.4 Display and navigation rocker
	10.4.1 Navigation rocker
	10.4.2 Display
	 General
	 Cyclic values
	 Error reset (command S-0-0099)
	 Device ID


	10.5 Motor brake management
	10.5.1 IDNs involved
	10.5.2 Functioning

	10.6 Commutation methods
	10.6.1 Rotary servomotors
	10.6.1.1 Mechanical commutation
	10.6.1.2 Electronic commutation

	10.6.2 Linear motors
	10.6.3 Commutation error "F2A0"
	10.6.4 Commutation error during regular operation (very rare)

	10.7 OCT
	10.7.1 Precondition for operation

	10.8 Decommissioning
	10.9 Integrated safety
	10.9.1 Safety-Card AX5801
	10.9.2 Intended use
	10.9.3 Scope of supply
	10.9.4 Safety regulations
	10.9.5 Personnel qualification
	10.9.6 Product description
	10.9.7 Technical data
	10.9.8 Installation of the AX5801 Safety Card
	10.9.8.1 Mechanical installation
	10.9.8.1.1 Installation of the two connectors on the AX5801 Safety-Card
	10.9.8.1.2 Installation of the AX5801 Safety-Card

	10.9.8.2 Electrical installation

	10.9.9 Application example (emergency stop – stop category 1)
	10.9.10 Application example with several AX5000


	11 Project planning
	11.1 Important information for project planning
	11.2 Drive train design
	11.3 Energy management
	11.4 EMC, earthing, shield connection and potential
	11.5 Control cabinet

	12 Accessories
	12.1 AX-Bridge - quick connection system
	12.1.1 Supply module for multi-axis system
	12.1.2 AX-Bridge connection module (AX5x01 - AX5112)
	12.1.3 AX-Bridge connection module (AX5118 and AX5125)

	12.2 Brake module - AX5021-0000
	12.2.1 Electrical data
	12.2.2 Mechanical data
	12.2.3 General overview
	12.2.4 Pin strip assignment of X51 and X52
	12.2.5 Electrical connection (example)
	12.2.6 Integration into TwinCAT
	12.2.7 DC link (only for 60A-170A devices)
	12.2.8 Operation modes of the AX5021
	12.2.9 Braking power diagnosis

	12.3 Optional encoder card - AX5701 / AX5702
	12.3.1 Intended use
	12.3.2 Safety regulations
	12.3.3 Product identification
	12.3.3.1 Type key
	12.3.3.2 Description of the digital inputs
	12.3.3.3 Overview of sockets X41 (channel A) and X42 (channel B)
	12.3.3.4 Configuration of jumpers J-"A" for channel "A" and J-"B" for channel "B"
	12.3.3.4.1 Technical data


	12.3.4 Installation of the optional encoder card
	12.3.5 Sample: Renishaw RGH 22Z30D00
	12.3.5.1 Overview of socket X41 (channel A) and jumper configuration


	12.4 Optional encoder card - AX5721 / AX5722
	12.4.1 Intended use
	12.4.2 Safety regulations
	12.4.3 Product identification
	12.4.3.1 Type key
	12.4.3.2 Overview of sockets X41 (channel A) and X42 (channel B)
	12.4.3.2.1 Technical data


	12.4.4 Installation of the optional encoder card
	12.4.5 Error messages

	12.5 External Brake Resistor AX2090-BW5x
	12.5.1 Appropriate use
	12.5.2 Safety rules
	12.5.3 Product identification
	12.5.4 Mechanical installation
	12.5.4.1 Mounting positions and distances

	12.5.5 Electrical installation
	12.5.5.1 Important notes
	12.5.5.2 Connection the brake resistor
	12.5.5.3 Cables
	12.5.5.4 Temperature switch
	12.5.5.5 Short-term capacity
	12.5.5.5.1 Duty cycle
	12.5.5.5.2 Overload factor

	12.5.5.6 Overtemperature and continuous power at 100% duty cycle

	12.5.6 Technical data

	12.6 Cables
	12.6.1 General specification
	12.6.1.1 Line load for different types of installation

	12.6.2 Order key for motor and feedback cables
	12.6.3 SEW motors from the “DFS / CFM” range with stopping brake
	12.6.4 Special motor connections
	12.6.4.1 Linear motors of the AL2xxx series
	12.6.4.1.1 Installation



	12.7 Motor chokes AX2090-MD50
	12.7.1 Electrical connection
	12.7.2 Technical data
	12.7.3 Installation of the motor choke AX2090-MD50-0012
	12.7.4 Dimensions
	12.7.4.1 AX2090-MD50-0012
	12.7.4.2 AX2090-MD50-0025


	12.8 Mains choke AX2090-ND50
	12.8.1 Technical data
	12.8.2 Installing the mains chokes
	12.8.2.1 Circuit diagram and installing
	12.8.2.2 Dimensional drawing


	12.9 Mains filter - AX2090-NF50
	12.9.1 Technical data
	12.9.2 Installing the mains filter
	12.9.2.1 Circuit diagram
	12.9.2.2 Dimensions and dimensional drawings


	12.10 Transient voltage suppressor - AX2090-TS50
	12.10.1 Guidelines and Standards
	12.10.1.1 Appropriate use
	12.10.1.2 CSA approval

	12.10.2 Technical data
	12.10.2.1 Name plate

	12.10.3 Installation of the transient box
	12.10.3.1 Connection example
	12.10.3.2 Installation in the control cabinet
	12.10.3.3 Dimensions



	13 Appendix
	13.1 Error management
	13.1.1 General
	13.1.2 Requirement
	13.1.3 Parameterization
	13.1.4 SyncUnit diagnostics
	13.1.5 Reinitialization, troubleshooting and reset

	13.2 Firmware Update
	13.2.1 Firmware version on the AX5000
	13.2.2 Update to a new firmware version
	13.2.2.1 Update preparation
	13.2.2.2 Performing the update



	14 Support and Service

