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BEGKHOFF Notes on the documentation

Notes on the documentation

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

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

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

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

Disclaimer

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

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

Trademarks

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

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

Patent Pending

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

—
EtherCAT.

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

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

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

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

TF5200 | TwinCAT 3 CNC Version: 1.05 3
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General and safety instructions BEGKHOFF

General and safety instructions

Icons used and their meanings

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

Icons in explanatory text
1. Indicates an action.
= Indicates an action statement.

A DANGER

Acute danger to life!

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

A CAUTION
Personal injury and damage to machines!

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

NOTICE

Restriction or error

This icon describes restrictions or warns of errors.

® Tips and other notes

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

General example
Example that clarifies the text.

NC programming example

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

® Specific version information

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

SN
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Overview BEGKHOFF

1 Overview

Task

The aim here is to split CNC functions requiring intensive calculation times among separate CPU cores with
multicore processors.

Possible applications

Individual decoding processes and web interpolators can be split among different CPU cores in a multi-
channel machine configuration.

@® This function is available as of CNC Build V3.1.3077

1

Parameterisation

Parameterisation takes place in the TwinCAT development environment.

Mandatory note on references to other documents

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

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

8 Version: 1.05 TF5200 | TwinCAT 3 CNC
MultiCore
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Description

2 Description

Structural description of a multi-channel CNC

A CNC can be designed for several NC channels with additional single-axis interpolators.

The processing of an NC program can be executed in each channel. A group of axes moved together is

used for this.

A single-axis interpolator can move a single axis, e.g, by a PLC command.

| 7 |
HMI HMI HMI
b Lmh = N
N ([
} Channel 1
} Channel 2
}’ Channel m
MC 1
Channel 1 Channel 2 Channel m
MC 2
DEC DEC DEC PLC
MC n
TRC TRC TRC T
PPREP PPREP PPREP Yoo o —
IPO IPO IPO SAl SAIl ‘ SAl HLI
Axis driver
J U

— —% —% —F —F —F% —F>

Simulation

SERCOS

Profidrive  CANopen  Terminal Lightbus

Fig. 1: Structure of a multi-channel CNC

RT-Ethernet
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2.1

Standard configuration of CNC tasks

By default, the CNC consists of 3 tasks which can be implemented in a real-time operating system.

COM task: Driver supplying display values for a user interface.

SDA task: Consists of the decoder, calculation of tool radius compensation and interpolation
preparation (DEC, TRC, PPREP).

GEO task: Executes the actual cycle-synchronous interpolation, i.e. generates the cyclic axis command
values and outputs to the drives.

Depending on the CNC application, the CNC tasks can be prioritised differently and assigned with
corresponding cycle times.

Below are examples of several criteria that affect the tasks:

The COM task affects the transfer rate of objects for the user interface and can be adapted depending
on the response time of the display.

It is recommended to adjust the SDA task for HSC machining which involves a high volume of short
motion information. It is advisable to select a short cycle time for the SDA task (decoder) in order to
supply the interpolation with a sufficient number of motion blocks and achieve the required
programmed velocity (data throughput, block cycle time).

In general, the GEO task must run synchronously with the bus cycle time so that the drive receives a
new command position in each cycle.

m B m
HMI HMI HMI
P LN N P LN
s N N
[ Channel 1
[ Channel 2
[Channel m
Channel 1 Channel 2 | ... | Channel m
ar T . E )
HMI HMI HMI
COM 71— ‘ driver ‘ ‘ driver ‘ ‘ driver ‘ MC 1
L J| L ) L )| ) ‘
( ) MC 2
{ DEC ‘ { DEC ‘ ‘ DEC l
: : : ‘ : PLC
SDA — { TRC ‘ { TRC ‘ ‘ TRC \ F MC n
{ PPREP ‘ { PPREP ‘ ‘ PPREP \
L ) MC 1 MC 2 MC n
GEO — { IPO ‘ { IPO ‘ ‘ IPO ‘ SAl SAl SAI
\ - . _ J HLI
‘ Axis driver ‘
J L J
= —F F—F F—f —F —F —F
Simulation SERCOS  Profidrive =~ CANopen Terminal Lightbus  RT-Ethernet
Fig. 2: Standard tasks of a multi-channel CNC
10 Version: 1.05 TF5200 | TwinCAT 3 CNC
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2.2 Configuration of GEO tasks

Standard task distribution of a multi-channel configuration

s N [ N
[ Channel 1
[ Channel 2
[Channelm
Channel 1 Channel 2 | ... | Channel m
( 5 N N 5 N )
HMI HMI HMI
COM ‘ driver ‘ i driver ‘ ‘ driver ‘ MC 1
. J
f ) | MC 2
{ DEC ‘ { DEC ‘ { DEC ‘
\ \ \ | PLC
SDA — { TRC ‘ { TRC ‘ { TRC ‘ F MC n
{ PPREP ‘ { PPREP ‘ { PPREP ‘
L ) MC 1 MC 2 MC n
( \
GEO —|— { IPO ‘ { IPO ‘ { IPO ‘ SAI SAl SAl
- - . aw, HLI
‘ Axis driver ‘
J L Y

Fig. 3: Initial position (without multicore channel distribution)

The interpolation of each CNC channel can be assigned to a GEO task based on this standard task
distribution. Each GEO task can be assigned 1-n channels of the CNC.

In the case below, two additional tasks, GEO 2 and GEO 3, are integrated in a 4-channel configuration:

TF5200 | TwinCAT 3 CNC Version: 1.05 11
MultiCore
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PR B A
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Fig. 4: Distribution of GEO tasks of a 4-channel CNC to multiple cores
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2.3 Assignment of CNC task and CNC channel

The individual channel functions (SDA, COM or IPO) are indirectly assigned to a CNC task by defining
contexts.

The configuration of contexts is described in the next section.

® COM is not split into channels. SAls are executed in the GEO of the 1st channel.

1
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Fig. 5: Assignment by context
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3 CNC scheduler

The real-time part of the CNC controller runs in the GEO task. The GEO task performs the following tasks,
among others, in each CNC cycle:

Identifier Task

Input Read out axis actual values/status/etc. from the fieldbus

Output Output new axis command values/status/etc. to the fieldbus

IPO Interpolation, calculation of new axis command values, channel-specific
CHAN Display, channel-specific

The CNC scheduler defines the order in which these tasks are executed. Defining the suitable order is
dependent on the existing hardware (drives, fieldbus,etc.)

The following task orders are available:

« STANDARD
e COMPLETE
« SWITCHED
— e ' N
STANDARD Output Input IPO CHAN
- A\ AN |
4 N\ N\
COMPLETE Input Output IPO CHAN
AN AN ¥
4 0\ ' N )
SWITCHED IPO Input Output CHAN
N ) ; AN N

Fig. 6: Overview of task order in the cycle

STANDARD

Especially with conventional +-10V drives, it is important to output command values in cycles that are as
constant as possible. To avoid fluctuations, the command values calculated in the previous cycle are output
to STANDARD directly at the start of the cycle. Then actual values are read in, compensations are
calculated and new command values are calculated by IPO for the next cycle.

This order results in a delay between interpolation and the output of command values.

COMPLETE

If the axis parameter P-AXIS-00276 "field_bus_allows_optimised _schedule" is set for all axes, actual values/
compensations are first processed and only then are the new command values output. This prevents any
delay between interpolation and output.

If the parameter P-AXIS-00276 is not set for all axes, the schedule corresponds to the STANDARD case.

SWITCHED

For digital drives, the order can be further optimised to avoid any delay. In SWITCHED mode, actual values
are read in

1. interpolated

2. .

3. Compensations calculated and command values output

14 Version: 1.05 TF5200 | TwinCAT 3 CNC
MultiCore
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Configuration

In TwinCAT, the schedule is set in the "Context" tab of the "CNC" node:

e+ I

CNC  Startup Default SDA Manual MDS Kontext: Param List

Typ ‘ Task ‘ Name ‘ Priority ‘ Cycle Time ... ‘ Task Port ‘ RT-CPU ‘ Sort Order| |Schedul‘|ng
COMO 02010030 | eNc-Task com 13 10000 556 Default (11) 0 1

SDAO 02010020 | eNC-Task DA 8 10000 555 Default (11) 0 id

GEO 0 02010010 | ene-Task Geo 3 2000 554 cPUTT 0 Jstandard |

Standard

Complete
Switched

Loschen | | GEOhinzuf. | | SDA zufugen Standard

In real-time Linux or Windows Simulator, the P-RTCF-00018 parameter is used for this.

TF5200 | TwinCAT 3 CNC Version: 1.05 15
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A Configuration

4.1

Configuration in TwinCAT

The following steps are required for a new CNC task:

arobd =

Determine the available CPU cores
Create a new CNC task

Set the properties of the new CNC task
Generate the context for the new CNC task
Link the new CNC task to the context

Determine the available CPU cores

Before splitting tasks, the available cores on the current CPU must be determined. This is achieved using the
"Real-time" and "Read from target system" tabs. The cores can be set to isolated / non-isolated. These cores
can then be assigned to the tasks.

4 [ SYSTEM
[ Lizenz
b @ Echtzeit
& Tasks
gfs Routing
¥[= Type System
[&F] TcCOM Objekte
4 MOTION
4 [RH CNC
4 B Tasks
[B1 CNC-Task COM
[E1 CNC-Task SDA
B CNC-Task GEO
jg Prozessabbild
W Compensations
P 3 Achsen
4 Tt Kanal_1
Eingdnge
M Ausginge
P M Kanal 2
SPS
SAFETY
m Ce+
ANALYTICS
b E/A

Allokiert / Verfagbar 2/

Available Cores

Verfligbare Keme E - E 3 Lese vom Zielsystem [ Setze auf Zielsystem

Core RT-Core | Base ... | Core Limit | Latency Warning |
0 v 1ms ~|20% =] (keing) =]
1 2 1ms ~|20% =] (keing) =]
2 [ 1ms ~|80% | (keine) ~|
3 [ |1 ms ~le0% | (keine) ~|
4 r =

5 r =

6 [v 1ms ~|80% =] (keine) =
7 [+ Defautt 1ms v|80% =] (keine) =

Object RT-Core | Base §me (ms) Cycle Time (ms) | Cycle Ticks Priority A|
El CNC-Task GEQ |Core 6 LI 1ms 2ms 2 3

El CNC-Task SDA | Core 2 LI 1ms 10 ms 10 9

% 1/0 Idle Task Core3 LI 1ms 1ms 1 11

[E1 CNC-Task COM [Core 3 |=l1ms 10 ms 10 13

Fig. 7: Determining the available CPU cores

@ If you specify the available cores incorrectly, TwinCAT may not start properly.

1

Generate another GEO task for interpolation

By default, a CNC GEO task is created for the CNC. Synchronous tasks must be created to be able to create
the interpolation of individual CNC channels on different GEO tasks.

The following sequence describes the procedure:

16

Version: 1.0
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Configuration

4 @ SYSTEM
A Lizenz
b @ Echtzeit
% Tasks
etz Routing
¥» Type System
[BB] TcCOM Objekte
4 MOTION
4 CNC
4 % Tasks
[E1 CNC-Task COM
[Z1 CNC-Task SDA
[Z1 CNC-Task GEO
*B Prozessabbild
® Compensations
B S Achsen

e Kanal_1

Fig. 8: Generating a new GEO task

4 & MOTION
4 [ CcNC

0 MNeues Element hinzufigen...

0 Verhandenes Element hinzufdgen...

Einfg
UMSCHALT+Al+A

4 & Tasks
[B1 CNC-Task COM
[E1 CMC-Task SDA
B CMC-Task GEO
jg Prozessabhbild
¥ Compensations
4 Sh Achsen
[ i Achse 1
i Lchze 2
i Schze 3
i Lchsze 4
i Lchze 5
i Lchze 6
i Lchze 7
i Lchze 8

EA A A A~ A

Einfligen einer Task

Name: |ENC-Task GED2

0K

Twp
(@) TwinCaT Task

() TwinCAT Task With Image
() TwinCaT Job Tazk [worker Task]

o Al

Fig. 9: Create a GEO task with name

Abbruch

The priority, cycle time and port must be modified or checked for each new GEO TASK created.

TF5200 | TwinCAT 3 CNC
MultiCore

Version: 1.05
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muticorevt = > [

Task  Orline  Parameter (Onling)  Symbole hinzufiigen

Name: CNC-Task GEO2 Port: 567 F
—
Obijekt Id: | (x02010050
Optionen
[] Deaktivieren
Zykusicks: ms ] Clsymboke ereugen
Start tick (modulo): _ﬂ Incl. exteme Symbole
[] Binzelnes input update |:|
Pre ticks: o Z|
[]Wamung bei Dberschreitung
Messagebox
[+ Floating poirt exceptions
Watchd len: 0 3
g Zyden = [] Watchdog Stack

Fig. 10: Settings of task priorities

For the port number it is recommended to use the next number after the port numbers of the existing CNC
tasks.

Each GEO task requires a unique priority, whereby the priority of a new task created can be based on the
priority of the existing GEO task.

All GEO tasks should be ranked higher in priority than SDA or COM tasks.

® The cycle times of all GEO tasks must have the same setting.

1

Creating the context between CPU core and the new CNC task

‘rojektrmappen-Explorer durchsuchen (5 P -

3] Projektmappe "MultiCoreV1" {1 von 1 Prog Typ L s |
4 :. MultiCarey1 COM 0| 02010040 ¥ | CNC-Task COM 1

y SYSTEM SDAD | 02010030 | CNC-Task SDA
(¥ Lizenz GEO O | 02010020 | CNC-Task GEO
4 () Echtzeit
[E1 /O Idle Task
& Tasks
gtz Routing
¥5 Type System
TcCOM Objekte
y MOTION
4 [ CNC
4 E] Tasks
[E1 CNC-Task COM
[E1 CNC-Task SDA
[&1 CNC-Task GEO

[Z1 CNC-Task GEO2 . _ ]
*B Prozessabbild Loschen... | GEO hinzu. |5D-F'-Il-fu§‘ﬂ"l Standard

¥ Compensations

"

ia Ach
b s Achsen Channel SDA GEO Axis
o= Kanal_1
Eingdnge Kanal_1 SDAD Y IGEQD 7 Achse 1
Ausginge Kanal_2 SDAD il = Achse_2
Gang
P cne | =

Fig. 11: Create context for new GEO task

18 Version: 1.05 TF5200 | TwinCAT 3 CNC
MultiCore



BECKHOFF

Configuration

co@E-| -5 &k

CNC  Statup Default SDA  Manual MDS

Projektmappen-Explorer durchsuchen (5 2 ~

a1 Projektmappe "MultiCoreV1" (1von 1 Proy
4 ol MuliCoreV1
4 @] svsTEM
[ Lizenz
4 @ Echtzeit
& /0 Idle Task
B Tasks
=f= Routing
%z Type System
TcCOM Objekte
4 MOTION
4 [ CNC
4 B Tasks
B CNC-Task COM
[Z1 CMNC-Task SDA
[Br CNC-Task GEO
[Z1 CNC-Task GEO2
+B Prozessabbild
@ Compensations

Kontexdt:

Param List

Typ Task Marne

Prior...

COM 0| 02070040 | crC-Task com

13

SDAD

02010030 ¥ | CMC-Task 5DA

GEQ 0

02010020 ¥ | CMC-Task GEO

GEOQ 1

02010050

| léschen.. | GEOhinaf.  SDAazfiigen

Fig. 12: Assign the new GEO task to the context created

] Projektmappe "MultiCoreV1" (1 von 1 Proj
4 gl MultiCorevt
4[] svsTEM
E Lizenz
4 ) Echtzeit
& /O Idle Task
& Tasks
stz Routing
B2 Type System
TcCOM Objekte
4 MOTION
4 [ CNC
4 & Tasks
[Z1 CNC-Task COM
[Z CMNC-Task SDA
[Z1 CNC-Task GEO
& CNC-Task GEO2
+B prozessabbild
™ Compensations
b S Achsen
St Kanal_1
Einginge
B Ausginge
b Kanal 2

Typ Task Mame

CMC-Task GEO2

Prior... | Cyc

COM 0 | 02070040 ¥ | CNC-Task COM

13 1001

SDAOD 02010030 ¥ | CNC-Task SDA

GEQ 0 | 02010020 ¥ | CNC-Task GEQ

GEO 1

02010050 ¥ | CNC-Task GEQ2

Loschen.. | GEOhinaf. | | SDAzufiigen Standard
Channel SDA GEO Axis
Kanal_1 sSDAD il Achse_1
Kanal_2 Achse 2

Achse 3

Fig. 13: Assign the interpolator of channel 2 to the new context

TF5200 | TwinCAT 3 CNC
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Configuration of 10 channels (CNC GEO task) on 10 CPU cores

Einstellungen  Orline  Prioritsten  C++ Debugger

Router Speicher Globale Task Konfiguration

K.onfigurierte GriPe [MEBT: 32 2 Max. Stack Gribe [KB] B4KE  ~
Allokiert / erfligbar 32/

Werfiigbare K.eme [geteilt/izoliert]: E $ E 2 Leze vom Zielsystemn | Setze auf Zielsystem

Core RT-Caore | Base Time | Core Limit | Latency YWarning

0 (Shared) 2 1 ms ~lso% | tkeine) -
1 {Shared) ra 1 ms ~ls0% | keiney |
2 (Shared) v 1rms = a0% | tkeiney =l
3 (Shared) 2 1 rms a0 | tkeiney |
4 (Shared) 2 1ms a0 | tkeiney |
5 (Shared) 2 1 s ~ls0% | (keine) ~|
& (Shared) [ il s a0 | (keine) ~|
7 (Shared) [v Default 1 ms ~lso% | qeeiney ~|
8 (Shared) Il =l

9 (lsolated) 2 1rms ~l100% fkeine) =l
10 (Isolated) 2 1ms ~l1o00% tkeine) |
11 (lsalated) v il s ~|100% {keine) ~|

Ohject RT-Caore | Base Time (ms) Cycle Time (ms) Cycle Ticks Priority Ay
CHC-Task GEO Core 11 ;I 1ms 2ms z 4
CHC-Task GEO1 Core 10 ;I 1ms 2ms ? 5
CHC-Task GEO? Core 9 d 1ms 2ms 2 ]
CHC-Task GEO3 Core & ;I 1 ms 2 ms ? 7
CMC-Task GEO4 Core 5 ;I 1ms 2 ms 2 8
CMC-Task GEOS Core 4 LI 1ms 2ms 2 9
CHC-Task GEOG Core 3 ;I 1ms 2ms 2z 10
CHC-Task GEOY Core 2 ;I 1ms 2ms 2 11
CHC-Task GEOS Core 1 d 1ms 2ms 2 12
CMHC-Task GEO9 Core 0 ﬂ 1ms 2ms 2 13
170 Idle Task Default {7} ;I 1ms 1 ms 1 15
CMC-Task DA Default {7y ;I 1ms 10ms 10 16
CMC-Task COM Default () ;I 1 ms 5 ms 5 17

20 Version: 1.05 TF5200 | TwinCAT 3 CNC
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Online
1 UDU T T T T T T T SUDD [ T T T L] T 10000 T T T T T T T 2000 T T T T T T T 2000 T T T T T T T
FE140 1dle Task, CPU7J1.8ps FEMC-Task COM, CPU 70 ps U Task S04, CPU 7349 ps RENCTask GEO, CPU 111.2ps BN Task GEO1, CPU 105.2 s
Total 2.0 ps Total 40.7 ps Tokal 677 ps Total 106.1 pe Total 104.7 pz
. e A= P A e
Ops 0 ps, 0ps -0 [~ LOps, T
2000 T T T T T T T 2000 1 1 1 T T T T 2000 T T T T T T T 2000 T T T T T T T 2000 1 T T T T T T
M3 Task GEO2, CPLU 98.0 ps P30T ack GEO3, CPU 2.2 ps HE3C-Task GEOY, CPU 54.6 ps HENC-Task GEOS, CPU 45.8 ps HEIC-T ask GEOB, CPU 34.2 ps
Total 105.6 pe Total 107.0 ps Total 109.6 ps Total 111.1 pe Total 108.0 ps
|t A e, | = BV P PR YAV YF BN R PN NP SRy PR P Y o~
Ops Lop O L LOp
2DDD T T T T T T T 2DDD T T T T T T T 2DDD T T T T T T T
RENC-Task GEO7, CPU 25.1 ps PENC-Task GEOS, CPU 171 pz RE4C-Task GEOS, CPU DE.7 ps
Total 108.2 ps Total 109.1 ps Total 110.0 ps
- A, e | ran Pl 1= ety Pt A e,
LOp PTER. e LO0p -
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5 Diagnostic options

The internal CNC schedule can be logged to diagnose MultiCore functions. This can take place at different
times or interactions:

» automatically at CNC start-up
« implicitly on storing/requesting CNC diagnostic data
by writing a CNC object

Logging first takes place in an internal logging format. Logging is then prepared in a subsequent step into a
suitable representation (text format, view).

22 Version: 1.05 TF5200 | TwinCAT 3 CNC
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Diagnostic options

(
CNC task;

O
LL
O Trace thread events

<

>
24 . Write CNC object
On/Off Internal
| ISG
command
\ J
FIFO : Histol'Y/= |
1 :
L | DiagData.txt
‘ ’ ’ Lr:.pltoad Upload
IStory diagnostic

s [ Collect data }
O
O [ Write to file }

J

Analysis

N

entry.log

entry.log Python

—

Fig. 14: Logging the MultiCore functions

Controller start-up

N

-

J

For controller start-up, the logging time can be set using P-STUP-00213 [P_29] of the schedule events.
Logging is deactivated with a value=0 (default).

Events are logged to the text file specified in P-STUP-00214 [» 29].

Parameterisation example for diagnosing MultiCore events in the start-up list

#

TF5200 | TwinCAT 3 CNC
MultiCore

Version: 1.05

23



Diagnostic options BEGKHOFF

# KA KKK KA KA KA A A A KA A A A A A A A A A A A A A A A A A A A A A AR A AR AKX KK

# TC_STARTUP_DESC: TwinCAT CNC configuration
# R EEE SR SRR SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

task_trace.geo.max_records 2000

task trace.geo.filename multicore-startup.log
task trace.geo.history filename multicore-history.log
#

Logging in diagnostic data

When CNC diagnostic data is requested, the past log entries of the schedule (history) are output
automatically. The length of the logging time is specified as a fixed value. The name of the output file can be

modified using the start-up parameter P-STUP-00215 [P 29]

Using CNC objects

The following CNC objects are available for diagnostic purposes:

« ttrace: max. [P_31], this parameter can be used to set the maximum number of logs, analogous to P-
STUP-00213 [» 29]

e ttrace: act. [» 31]
« ttrace: filename [»_31], analogous to P-STUP-00214 [» 29]

* ttrace: history filename [P_31], analogous to P-STUP-00215 [»_29]
* ttrace: layout written

* ttrace: append to file

B Object Browser

Target: |Iocal V| | Search... || Export... | Update time: ms Status pane = Sloe Load...

GED  spa  com

=-Chamnel ID 1 A No Group Offeet Mame Type Size Unity  Value ~
::ﬁ] 214 |0121301 | 0124 ttrace: max. UNS3Z |4 - 5000
G-Vaables¢ 11215 |x121301 | 0x125  |tirace: act. UNS32 |4 - |5000
cAudsDxl o To16 121301 0126 ttrace: filename STRING 256 |- |"D:‘temp‘multigeolog"
::'::: :gg 217 |x121301 0127 |tirace: historyfilename | STRING | 256 |- | "D:\temp\historylog"
- fods Dxd 218 |(x121301 | x128  |ttrace:layout written | BOOLEAN |4 - | Tree

¢ ™5 1219 00121301 0123 |ttrace: appendtofile | BOOLEAN |1 - | Tre v

Fig. 15: Available CNC objects in the ISG Object Browser

24 Version: 1.05 TF5200 | TwinCAT 3 CNC
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Example of outputs

The output format, e.g. the MultiCore-Startup.log, looks like this:

[73664104840000,0,0,4,0,0,0,0
373664104540200,0,5,5,0,2,0,0
373664104540300,0,4,5,0,2,0,0
373664104540400,0,1,5,0,3,0,0
373664104540500,0,2,5,0,3,0,0
373664104540600,0,3,5,0,3,0,0
373664104540800,0,10,5,0,3,0,0
373664104540500,0, 8
373664104541000,0, 7
373664104541100,0,8,
373664104541200,0,9,5,0,3,0,
373664104541500,0,10,5,0,4,0,0
373664104541600,0,58,5,0,7,0,4
373664104541700,0,0,6,0,0,0,0
373664104541600,0,0,9,0,0,0,3
0
O
O

q

q

7

373e664104841°500,0,
373664104242000,0,
373664104842000,0,

o Y S TS T X T PR R o SO [, S Y-S e R Y

1121

Fig. 16: Internal logging format

The representations below are produced by an internal tool to prepare the above output format.

[&f caTwinCAT INCompanents\MACNT\Diagnostics\MultiCare-History bt - Notepad++ - ] X
File Edit Search View Encoding language Settings Tools Macra Run Plugins Window 7 b
o = o & Bl [ g|lax| BE= FEERo®| @ ] | H

= MultiCore-History tt (3 I

1263 crc_37 6200 < CHAN 1 --—-8YNC 4 CH_ouT [o) S
1264 cYe_ 37 300 F-——-—BYNC 4 —--—-8YNC 4 PRE_ADE_ BARRIER OK
1265 CYC_37 1100 <-—-—BYNC 4 —-—-S8YNC 4 PRE_ADS_ BARRIER 0K
1266 cYc_37 1z00 <--—--8¥YNC 4 PRE_ADS_BARRIER [8):9
1267

1268 ———m e [neuer Zyklus gestartet, Thread 1 Tick Count erhceht, TC = 117720, erhoeht durch Thread 1]--
1269

1270 CYC_38 1971100 CYCLE_TICK_INCR(117720) ALL NEW_CYCLE | EQUI 0K
1271 CYC_38 300 > CHAN 2 IFO oK
1273 CcYc_38 300 < CHAN 2 IpO [8):9
12T CYc_ 36 200 F--—-8YNC 1 IPO [8).9
1274 CYC_38 1z200 CYCLE_TICE_OK (117720} ——-—-8¥NC 1 ALL NEW_CYCLE | EQUT oK
1275 CYC_38 300 > LR --—-8YNC 1 POS_CTRL 0K
1276 CYc_38 12600 < LE --—-8YNC 1 POE_CIRL [8).9
1277 CYC_38 100 > FILTER —--—-8¥NC 1 POS_CTRL oK
1278 CYC_38 ] < FILTER --—-8YNC 1 POS_CTRL 0K
1279 CYc_38 ] > KONEIG --—-8YNC 1 IPO [8).9
1280 CYC_38 300 < KONFIG —-—=8¥NC 1 IPO OK
1z81 CYC_38 1] > DIAG ——-—-8YNC 1 IPO 0K
1252 CcYc_38 400 < DIAG —-—-8¥YNC 1 IPO [8):9
1283 CYC_38 1] > KOMMIT —-—=8¥NC 1 IPO OK
1284 CYC_38 600 < KOMMIT ——-—-8YNC 1 IPO 0K
1285 CcYc_38 100 > CHAN 1 -8YNC 1 IPO [8):9
1286 CYC_38 1300 < CHAN 1 -8YNC 1 IPO 0K
1287 CYC_38 100 F-——-—8YNC 1 ——-—-8YNC 1 IFO oK
1288 CcYc_38 z0ooo <-—-—8YNC 1 —-—-8¥NC 1 IpO [8):9
1289 CYC_38 100 > HAMND --—=8YNC 1 IPO 0K
1280 CYC_38 =) HAND <--—-8YNC 1 IFO oK
1281 CcYc_38 o HAND »>--—-G¥YNC 2 IpO [8):9
1292 CYc_ 36 100 < HAND --—-8YNC 2 IPO [8).9
1283 CYC_38 100 F-—-—8YNC 2 —-—-8YNC 2 IFO oK
1294 CYC_38 ] <-—--—8YNC 2 --—-8YNC 2 IPO 0K
1295 CYc_38 o > BAHN 1 --—-8YNC 2 IPO [8).9
1286 CYC_38 1200 BAHN 1 <-——-8YNC 2 IPO oK
1287 CYC_38 100 BAHN 1 > BAHN 2 IFO 0K
1298 CYc_38 5600 BAHN 1 < BAHN 2 IPO [8).9
1299 CYC_38 200 BAHN 1 > CHAN 2 CH_ouT OK
1300 CYC_38 1000 < BAHN 1 CHAN 2 IPO 0K
1301 CcYc_38 300 > CHAN 1 CHAN 2 CH_ouT [8):9
1302 CYC_38 2100 CHAN 1 < CHAN 2 CH_ouT OK
1303 CYC_38 100 CHAN 1 >-———-8YNC 4 PRE_ADS_BARRIER oK
1304 CcYc_38 s000 < CHAN 1 —-—-——8YNC 4 CH_ouT [8):9
1305 CYC_38 200 F-——-—8YNC 4 --——8YNC 4 PRE_ADE_ BARRIER 0K
1306 CYC_38 1100 <-—-—BYNC 4 —-—-S8YNC 4 PRE_ADS_BARRIER oK
1307 CYC_38 1z00 <--—-S¥YNC 4 PRE_ADS_BARRIER [8):9
1308

1309 @ ——mm e e [neuer Zyklus gestartet, Thread 1 Tick Count erhosht, TC = 117721, erhoeht durch Thread 1]--
1310

1311 CYc_39 1953600 CYCLE_TICK_INCR(117721) ALL NEW_CYCLE | EQUIL [8).9
1312 CYCc_ 39 300 > CHAN 2 IPO oK
1313 cYc_39 300 < CHAN 2 IPO 0K«

Fig. 17: Example output of a MultiCore schedule diagnostic file
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Each MultiCore log file contains internal context information at the start, such as version number, schedule
type, cycle times, etc., which make it easier to diagnose error response.

|**-k********-k***************************-k*******-.l-*****-k-.l-************************

+ *
* Diagnose-3kript *
* e - *
+ *
* Version = 1.0.0.0 *
* *
* CHC *
+ —_— *
* *
* Version = 3.1.3074.0 *
* gcheduling = Complete *
* Zykluszeit = 2000 us *
* THREAD TRACE ENTRTIES MAX = a00 *
* THREAD TRACE HTITORY LAYOUT MAX = 50 *
* THREAD TRACE HIATORY ENTRIESI MAZX = 1000 *
* TASK GEC NUMBER OF THREADS MAX = 16 *
* SYNC_BARRTER NUMEER = ) *
* FYNC_BARRIER MAX TASKS = 1e *
+ *
* EINGAEE *
*  mm e _ *
+ *
* Log-Datel = MultiCore-Test.log *

+* *
* AUSWERTUNG UNTER FOLGENDEN REGELN *
* e *
* *
* RBl: in jedem Zyklus muss der erste Eintrag CY¥CLE_TICE TINCR sein, *
* bhei allen anderen Threads muss der erste Eintrag CYCLE TICKE OF sein *
* BZ2: in jedem Zyklus ueherlappen sich entsprechende Thread-Barrieren *
* B3: fuer jeden Thread bleibt die Sequenz der BFs pro Zyklus gleich *
* Bd: in jedem Zyklus muss ez in jedem Thread genau sin TICK-Event gekhen *
* BS5: in jedewm Zyklus musssen die Tick-Counts aller Threads gleich sein *
* *
* ERGEENT S *
* = *
* *
* Anzahl Fehler = = *
* *
* STATISTISCHE ANGABEN *
S *
* *
* Anzahl Logeintraege = 11044 *
* Anzahl Zyklen = Z20 *
* Zvklendauer - Minimum = 17500 ns=s = 17 us *
* Zvklendauer - Mittelwert = 24351 ns = Z4 us *
* Zyvklendauer - Maximum = 121100 ns = 121 us *
* Zyklendauer - Standardabweichung = 9368 ns = 9 us *
* *

FEFFEEFEEEEE LA L EEEEEE LA EE LA AL I L LA LI L LA EEE I L EE LI I LTI EEEEIE LI EEEEIEEEEEE LS

Fig. 18: Script example
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5.1 Internal ISG command

Syntax:

#INFO [ TO SCHEDULER_CMD S0 = TRACE [ S1 = <filename> ][ 10 = <max_number>]]

TRACE Start logging until the specified number of CNC cycles

<filename> Optionally, you can specify the filename used for the output of scheduling events.
Default:
<TwinCATInstallation>\Components\Mc\Cnc\Diagnostics\MultiCore-Startup.log

<max_number> Defines the number of CNC cycles logged. Logging is deactivated with a value=0.

Syntax:

#INFO [ TO SCHEDULER_CMD S0 = HISTORY [ S1 = <filename> ] |

HISTORY Writes the past schedule events (history) to the specified file. A fixed logging time is
specified.

<filename> Optionally, you can specify the filename used for the output of past scheduling
events (history).
Default:

<TwinCATInstallation>\Components\Mc\Cnc\Diagnostics\MultiCore-History.log

Using the #INFO command

$MultiCore

Pl =1
N090 V.E.string = "C:\TwinCAT\3.1l\Components\Mc\CNC\Diagnostics\MultiCore-Loop" + ".txt"

N100 #FILENAME [ MSG = V.E.string]
SWHILE P1

NO10 GOl X0 YO z0 F10000

NO040 #INFO[TO SCHEDULER CMD SO=TRACE S1 = C:\TwinCAT\3.1l\Components\Mc\CNC\Diagnostics\MultiCore-
Test.log I0=300 ]

N100 X300

N110 Y400

N240 #INFO[TO SCHEDULER CMD SO=HISTORY S1 = C:\TwinCAT\3.1l\Components\Mc\CNC\Diagnostics\MultiCore-
History.log ]

N110 2500

N110 #MSG SAVE["%s MultiCore-Test.nc Loop %d", V.G.TIME STAMP, Pl1]
N600 #FLUSH WAIT
N400 P1 = P1 + 1

SENDWHILE
M30

TF5200 | TwinCAT 3 CNC Version: 1.05 27
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6 Parameter

6.1 Overview

restart

ID Parameter Description

P-STUP-00213

max_records

Number of logging entries for logging

P-STUP-00214

filename

Name of the output file

P-STUP-00215

history_filename

Name of the history file

Channel parameters

ID Parameter Description

P-CHAN-00409 com Context information of the COM task
P-CHAN-00410 |geo Context information of the GEO task
P-CHAN-00411 |sda Context information of the SDA task

28
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Parameter

6.2 Description

6.2.1 restart

P-STUP-00213 |Number of logging entries for logging

Description This parameter sets the maximum number of log entries for the corresponding task. Real-
time events are logged in these entries for diagnostic purposes.
After the number is reached, logging stops automatically.
With a value=0, no log file is generated at CNC start-up.

Parameter trace.geo.max_records

Data type SGN32

Data range 0 <= max_records < MAX_UNS32

Dimension -—--

Default value 0

Remarks Parameter available as of CNC Build V3.1.3077 and higher

P-STUP-00214

Name of the output file

Description This parameter is used to specify the name of the output file for logging the corresponding
task.
If no path is specified for the output file, the default path or the main directory of the NC
controller is used.

Parameter task_trace.geo.filename

Data type STRING

Data range <Filename with relative / absolute path>

Dimension -

Default value

MultiCore-Startup.log

Remarks

Parameter available as of CNC Build V3.1.3077 and higher

P-STUP-00215

Name of the history file

Description This parameter is used to specify the name of the history file for logging the
corresponding task. The file is used to output the history logs.
If no path is specified for the file, the default path or the main directory of the NC controller
is used.

Parameter task_trace.geo.history_filename

Data type STRING

Data range <Filename with relative / absolute path>

Dimension -——-

Default value MultiCore-History.log

Remarks Parameter available as of CNC Build V3.1.3077 and higher

6.2.2 Channel parameters

P-CHAN-00409 |Context information of the COM task

Description This parameter defines the context information of the COM task. The context
information can contain a reference to the context of a CPU thread.
See also P-RTCF-00017.

Parameter schedule.context.com or twincat.context.com

Data type UNS32

Data range

TF5200 | TwinCAT 3 CNC

MultiCore
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Dimension -

Default value 0

Remarks This parameter is used automatically in TwinCAT systems.

P-CHAN-00410

Context information of the GEO task

Description This parameter defines the context information of the GEO task. The context information
can contain a reference to the context of a CPU thread.
See also P-RTCF-00017.

Parameter schedule.context.geo or twincat.context.geo

Data type UNS32

Data range

Dimension -——-

Default value 0

Remarks This parameter is used automatically in TwinCAT systems.

P-CHAN-00411

Context information of the SDA task

Description This parameter defines the context information of the SDA task. The context information
can contain a reference to the context of a CPU thread.
See also P-RTCF-00017.

Parameter schedule.context.sda or twincat.context.sda

Data type UNS32

Data range

Dimension -—-

Default value 0

Remarks This parameter is used automatically in TwinCAT systems.

30 Version: 1.05 TF5200 | TwinCAT 3 CNC
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Parameter

6.2.3 CNC objects

Name ttrace: max.

Description This object defines the maximum number of CNC cycles to be logged. This is

analogous to P-STUP-00213 [» 29].

Task GEO (Port 551)

Index group 0x12130<C> Index offset 0x124

Data type UNS32 Length 4

Attributes read/ write Unit -

Remarks

Name ttrace: act.

Description This object reads the current fill level of the log file. The log file can be specified by

the CNC object “ttrace: filename"” [P 31] or by P-STUP-00214 [» 29].

Task GEO (Port 551)

Index group 0x12130<C > Index offset 0x125

Data type UNS32 Length 4

Attributes read Unit -

Remarks

Name ttrace: filename

Description This object specifies the name of the output file analogous to P-STUP-00214

[»29].

Task GEO (Port 551)

Index group 0x12130<C> Index offset 0x126

Data type STRING Length 256 |
Attributes read/ write Unit -

Remarks ‘
Name ttrace: history filename

Description This object specifies the name of the history file analogous to P-STUP-00215

[»29].

Task GEO (Port 551)

Index group 0x12130<C> Index offset 0x127

Data type STRING Length 256

Attributes read/ write Unit -

Remarks
TF5200 | TwinCAT 3 CNC Version: 1.05 31
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7 Support and Service

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

Download finder

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

The downloads are available in various formats.

Beckhoff's branch offices and representatives

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

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

You will also find further documentation for Beckhoff components there.

Beckhoff Support

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

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

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

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

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

Beckhoff Automation GmbH & Co. KG

Huelshorstweg 20

33415 Verl

Germany

Phone: +49 5246 963-0

e-mail: info@beckhoff.com

web: www.beckhoff.com

32 Version: 1.05 TF5200 | TwinCAT 3 CNC
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