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Motion Control - Technology Group — Application Note 049 Introduction

1 Introduction

1.1 Prerequisites

The following versions were used for the code and project examples as well as screenshots:
. JetSym 5.60

JC-440MC, OS 1.08.0.00 JC-365MC, OS 1.33.0.00
. Motion API 2.0.0.4 . Motion API 1.0.0.16

In this application note, the above controllers are used as examples to represent the different
Motion APIs 1 + 2.
If there are differences in their use, these are mentioned in the document.

1.2 What is a technology group?

. In a technology group, individual axes can be combined to form a network in order to coor-
dinate the movement of the individual axes. In a technology group, a master axis is com-
bined with follower axes. The follower axes can be dynamically coupled and uncoupled.

. A group always consists of one master axis and 1 ... n follower axes.

1.3 Types of coupling
1.3.1 Electrical gearbox

The term "electrical gearbox" is used in the figurative sense for an electronic gear shift which, like a
mechanical transmission, causes a change in speed and position. In contrast to a mechanical
gearbox, an electrical gearbox can continuously change the transmission ratio. Dynamic coupling
and decoupling processes as well as corrections of position offsets can be more easily realized
with the electrical gearbox.

. An electrical gearbox is created when you define a technology group. The gear ratio be-
tween the master axis and a follower axis can be specified dynamically and individually
with a quotient when the technology group is activated.

. Superimposed movements are possible for the follower axis.

1.3.2 Cam

Cam disk drives are used when the position of one or more follower axes depends on the position

of a master axis and complex motion sequences in cyclically running machines have to be coordi-

nated. Mechanical cam gears are usually used for this purpose.

o Electric cam discs offer a much greater flexibility, since it is possible to switch very quickly to
other cam profiles and the moved mass is smaller.

e Higher dynamics and higher cycle rates are achieved, the drives are smaller and wear is re-
duced.

¢ An electronic cam disk can be switched on and off more flexibly and moved via any offset. With
a mechanical cam disk, offset is only possible with greater effort by rotating the cam body on
the drive shaft.

Jetter AG 1
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1.3.3 Actual value/setpoint coupling

An axis object usually has a position setpoint and an actual position value.

+ The position setpoint is calculated cyclically by the MCX and transferred to the position control-
ler of the axis for control.

* The actual position value describes the position at which the axis is currently located.

With actual value coupling, the follower axes are coupled to the actual position value of the mas-
ter axis.

If the master axis is a real axis or an external encoder, the actual position is not exactly constant even
at standstill. Any fluctuations are transmitted to the follower axes as guide value, which can lead to
unsteady behavior. To reduce this effect, an appropriate filter for smoothing can be set. However, a
filter also delays the reactions of the follower axes.

Furthermore, the transmission of the actual value to the MC kernel causes a delay, which also de-
lays the reaction of the follower axes.

These delays are mainly noticeable during speed changes of the master axis.

Actual value coupling is used to synchronize a follower axis, e.g. with the aid of a friction wheel
(master axis), with a passing product or a transport subject to slip.

With setpoint coupling, the follower axes are coupled to the setpoint position of the master axis.

Due to the calculation of the position setpoint by the MCX, this value is accurate and always con-

stant, e.g. at standstill. A filter for smoothing the position setpoint is not necessary.

A new position setpoint is available to the follower axes in the same MCX calculation cycle so that
no delays occur. Speed changes are thus immediately passed on to the follower axes.

Therefore, a setpoint coupling is the preferred solution in most cases. In cases where an external
encoder is used, e.g. a friction wheel, only the actual value coupling can be used.

1.4 Types of master axes

- Real axis
o Has a servo amplifier, except as simulation axis
o The setpoints are calculated by the Motion Control
o The actual values are returned by the servo amplifier
o Can assume all MCX operating states, such as "Enabled" or "Running". See also
the overview of the MCX operating states
- Virtual axis
o Has no servo amplifier
o The setpoints are calculated by the Motion Control
o Actual value = setpoint
o Can assume all MC operating states, such as "Enabled" or "Running". See also the
overview of the MCX operating states
- External axis
o Has a counter module, i.e. pure encoder evaluation
= |n case of JC-440MC, JC-945MC, or JC-975MC with EtherCAT the additional
encoder input on a drive, such as JM-3000, serves as counter module
= |n case of JC-647MC, JC-365MC, JC-940MC, or JC-970MC an additional servo
amplifier, such as JM-105, JM-108, JM-2xx, serves as counter module
o Setpoints are not calculated
o Actual values are reported back by the counter module
o MC operating status is always "Inactive"
- Shadow axis
o Has no servo amplifier
o Actual values and setpoints are taken from the source axis
o MC operating status is always "Inactive"
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1.5 Types of follower axes

- Real axis
- Virtual axis

Jetter AG 3
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Creating a Technology Group

2 Creating a Technology Group

2.1 How to create a technology group

The example of a new project shows you how to create a technology group.

- Open JetSym
- Open the "File" menu and click the button "New"

=tter Je

-

File | Edit View Project Build
[ Mew.. Ctrl=M [}
—
L= Open. Ikctrlﬂj
Close B
Open Waorkspace...

- The dialog for creating a project opens.

Select the "JC-440MC" or "JC-365MC” controller and include the proposed Motion API li-

brary.

After entering a project name and selecting the appropriate folder in which the project is to

be saved, confirm your entries by clicking "OK"

te . ==
Workspace | Project | File | Other Documents
4 STX =
4 Industrial Autemation Common
Commen
Mation Product: [ JC-365MC -]
Motion Control ] |
Jetter Visualisation CPU: JC-363MC l i i
Samples <
Templates a |
4 Maobile Automation =
Common o
ISO Visualisstion Include Libraries:
Jetter Visualisation Motion APl v1.0.0.16
Samples
Templates
4 |ibrary
Commeon o
4 Virtual Automation || @ Create New Workspace
Common Create Project Folder automatically
4 5T -
P, ¥ | © Add to Current Workspace
Project name: | Electri caIGearI
Location: DiMeApniTechnologieverbund\SampleProjects\\ElectricalGear E]
l ok || cancel | |
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Creating a Technology Group

- A basic structure is created. The hardware tab contains this tree structure.

JC440MC:
Hardware * 0 X

=& BectricalGear System *
== Release
-5 Hardware
EIL_‘; Metwark
B JC-440MC

- CPU JC-440MC

- 54 Motion Control
WY X3 Systembus

- First, create a virtual axis as the master axis. The virtual axis is created via the "Add Virtual
shortcut menu which opens by right-clicking on the "MotionControl" node.

Axis
Add Virtual Axis

Add Shadow Axis
Add Bxternal Axis
Add Axis Group

- This is now displayed in the hardware tree:

JC440MC:
Hardware

=& BectricalGear System *
Elt_‘,,.-' Release
B-{£5 Hardware

=7 Metwark

B JC-440MC
i} CPU JC-440MC

=-£ Mation Control

o edme MC-Vittualfods (AX1)

- g MCGlobal

...... B0 JX3-Systembus

JC365MC:
Hardware w 0

= BectricalGear System
=-/Z Release
Eli_‘; Hardware
Elt_‘; MNetworl

=5 JC-365MC
i CPU JC-385MC
-5 Motion Control
LA X2 Systembus

JC365MC:
Hardware

El:_é" HectricalGear System *
=7 Release
EI1__‘; Hardware
Elt_’,.-' MNetwork
=5 JC-365MC
-} CPU JC-365MC
-G
e MC-Virtualfods (AX1)
- o MC-Global
LT X2 Systembus
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Creating a Technology Group

- Double-click on the "MC-VirtualAxis (AX1)" node to open the Motion Setup for this virtual

axis.

- AXL X

- Pis Parameters
‘. Advanced fuis Parameters Aaxis
- Mation Setup
Mechanism
El- Manual Operation
{ i Point to point

Type: MC-Virtual Awis

Comment:

Mechanical Design

) linear

i rotaEri

B

LaaislD: 1

Change Mame

Old Name: AX

Mew Name:

wvMaster

Set the "Mechanical Design" to "rotatory" (1) and "modulo" (2). Click the "..." (3) button to
rename the axis. In this example, assign the axis the new name "xvMaster axis" and con-

firm this by clicking "OK" (4).
Confirm the further dialogs with "Yes".

Within the STX project, a MotionAPI object is created which lets you address the virtual ax-

IS.

- The new name of the axis now also appears in the hardware tree.

JC440MC:

Hardware

=-{= BectiicalGear System *
F-Z Release
EIL_}' Hardware
S5 Network
E-5 JC-440MC
~-if CPU JC-440MC
B . Mation Control
© g MC-VitualAxis fovMaster)

JC365MC:

Hardware

E',_@_, HectricalGear System *
-7 Release
Ell_}' Hardware
Ell_}' MNetworl
B JC-365MC
Y CPU JC-385MC

-5 Motion Control

i MC-VirtualAuis bovMasteri
© o MC-Global

------ BT JX2-Systembus E
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Now add a real axis.

JC440MC: To do this, open the shortcut menu by right-clicking on the "EtherCAT" node.
JC365MC

------ o J}Q}Systembus

...... L.mg
Add module :I

JC365MC: To do this, open the shortcut menu by right-clicking on the "JX2 system bus"
node

Now add the required number of axes. For this purpose, please select motion control axes
with the prefix "MC", such as "MC-JM203” and click “Add”. One axis is sufficient for this ex-
ample. Then close the dialog box.

JC440MC: JC365MC:
Add Module ‘ S 0 Module e
Ej EtherCAT > | Clese [ || || | &+ - V204 . Close
- -] JH3-BN-EC o /W i b JM206
= Ej JetMaove m ----- i 208
----- i MC-JM1005 k e JM215 i k
----- i MC-JM1008 -l JMZ25
..... i MC-JM1205 i JMD203
..... b MC-JM1404 - MC-Exdtemal izl X2 A
..... b MC-JM1407 - MC-JM105 3
----- i MC-JM1416 - MC-JM108
----- i MC-JM1432 E o MC-JM203
..... - —— m 5
..... b MC-JM3512 - MC-JM206
..... i MC-JM3518 - MC-JM208
..... i MC-J3524 e MC-JM215
----- h- MC-JM3532 - MC-IM225
MC-JMmD3s03 [ W ] P e i MC-IMED0
MC-JMD3s06 | W ] i e i MC-IMDZ03
MC-JMD3512 = | B i Systembus-Cummy
MC-JMD3516 B3 J¥2-/0-Modules
MC-JMT3503 I | . 'ﬂl 'ﬁ! 1A0-Dummy 1
LA IRATAEN, L e W W e
In=ert before: Insert before:
Last position v | Last position -
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The hardware tree now shows the created axes as subnodes of the selected JX2 bus.

JC440MC: JC365MC:
Hardware » 0 X
HectricalGear -
- %ltj Hﬁ:lease System EIE, BeldrischesGetriebe System *
1-{i5 Hardware EH:"? Release
Elt_'i? Network Eltj Hardware
B JC440MC i Network
ﬂﬂ! CPU JC-440MC EIJE JC-365MC

=54 Motion Control -l .
f b MC-Virtualfods fovMaster) El.« Motion Contral . | |
: MCGlobal i e IMC-VirtualAuds fovLettachse)

E JE3-Systembus :
BB EtherCAT =Y JX2-Systembus

- Torename and configure the axis, open the motion setup of the "AX7" axis by double-
clicking on the node.
- JC440MC:

i AX1 X
- fods Parameters

Advanced Axis Parameters Axis Simulation Options
= I'U'!otion Setup
b Mechanism Mame: X1 Simulatign

[=- Drive - ) Slaw nected
- Amplifier Type: [I‘u‘lC—JMSErDG "']

.. Matar (@ Slaw¥ i connected
- Brake

- Encoder

0

[=I- Contral
Limitations

;----Currerrtf’Torque Mechanical Design

[7] Use Encoder 2 as external axis AwislD: 2

Comment:

‘... Position @ lin

£3 @ norma
- Feedforward _ i
©) rotat & modul
[=1- Manual Operation =3 ‘% - m u
- Measuring commutation-offset Dir:

- Referencing [

- Point to paint

- Reversing

- Status QOld Name: A1

=) Extended Status
- Device Manager Status Mew Mame: «Fallowerd

- Device Status

- Device Statistics

- Slave Status

- Bus Status

- Drive Commands

Change Name

Jetter AG
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Creating a Technology Group

JC365MC:

i ovMaster e AX1 X

i Peds Parameters
Advanced Axis Parameters
(=)~ Motion Setup

& Mechanism
=k Drive

=) Control
‘.- Current
Speed
‘... Position
[=)- Manual Operation
Measuring commutation-offset
- Referencing
- Paint to point
Rewversing
- Status

JC440MC:

=-B2 EtherCAT

Lo dmp IMC-JM3506 feFollower)

Type:

Version:

Comment:

(MC-JM203

JB

217

-

Mechanical Design

@ linear
i) rotat

Address: System bus

Interface:

Module:

P
4
-

(%]

AxislD: 2

@ norma
@ modul
Diirectto

bidirectional

Simulation Options

1 Simulation

Change Name

Ll

Old Name: AX1

Mew Mame:

«Follower]

The changed name is now also displayed in the hardware tree.

JC365MC:

J¥2-Systembus

feofp IMC-IM203 peFollower}

Select the appropriate "Mechanical Design" according to your application, i.e. "linear" or
"rotatory" (1) and "normal" or "modulo" (2).

Click the "..." (3) button to rename the axis. In this example, name the axis "xFollower" and
confirm it by clicking "OK" (4).
Confirm the further dialogs with "Yes".
In addition, check "Simulation" (5) to select whether this is a simulation axis or not.
Within the STX project, a MotionAPI object is created which lets you address the axis.

Jetter AG
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Creating a Technology Group

axis (orange) or a real axis (black).

JC440MC:

588 EtherCAT

o e MC-IM2506 EeFollower)

Group". Then select "Technology Group".

JC440MC:
-t cPU Jc-4d0mC
[
e MCV Add Virtual Axis
----- - MCG Add Shadow Auis
b 3-Syste

Add External Axis

The color of the axis symbol in the hardware tree shows whether the axis is a simulation

JC365MC:
. '. (ML WP l=])

EIE J¥2-Systembus
o IMC-JMZ03 tFollowerk

Open the shortcut menu by right-clicking on the "MotionControl" node and select "Add Axis

Add Axis Group 3 Path Group
Technolegy Group
JC365MC: .
JC-365MC =- Drive
: Amplifier
: — I P b Motor
Add Virtwal Aas | {0 Erake
Add Shadow Axis S Feedback
Add Axis Group 3 Path Group
Technology Group

Il

The new technology group is now displayed in the hardware tree. Since the technology

group has not yet been configured, it is marked with a warning sign in the hardware tree.

Once a valid configuration is available, this

warning sign disappears.

JC440MC: JC365MC
Hardware
Hardware
= BectricalGear System *
% Release EIE, HectricalGear System *
EI1__"‘,,.? Hardware Elt_'? Release
EI1__‘,.? Metwork B Hardware
: Elt_'j-' MNetwoark

El-ﬁ JC-440MC
----- 'ﬂ 'ﬂ! CPU JC-440MC
e MC-Virtualfds fevMaster)
i G
MC-Global
.M J¥3-Systembus
£-BT EtherCAT
h. MC-JM3506 icFollower)

-5 JC-365MC
i} CPU JC-365MC

Lo MC-Virtual fods bovMaster)

g AN
™ NCGlobal
EIE J¥2-Systembus

o e IMC-IM203 EcFollower)

Jetter AG
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2.2 Configuring the technology group

Double-click on the newly created group to open the settings for the technology group.

Aoas Group

Name:  AXGI [%Tﬁ_:hmm: 1

Comment: I/\\_,‘—"

Technology Group Properties

Function:

| Master / follower ads -|

Pues | Coupling | Actual Value

By clicking on the "..." button, you can now assign a descriptive name to the technology group. A
MotionAPI object with this name is created within the STX project. Confirm the renaming of all re-
lated objects by JetSym so that the new name is also applied in the STX project.

Jetter AG 11
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In the Axis Group" section click on "Add or Remove Axes" to specify the axes involved in the
group. The following dialog box appears:

-
Add Group Axes ‘ M
Name: tecGear

Cancel

PAoces/anis groups: Group composition:

xFollower
xvMaster k

L .

Select the axes (1) to be included by clicking on "Add" or by double-clicking on the respective axis.

This moves them to "Group composition:” which lists all axes involved in the group. The assign-
ment of the respective tasks takes place in the higher-level view.

-Add Group Axes ‘ ﬁw
-

HLoes/axnis groups:

AN F |

If you want to remove any axes from group, you can select them (1) and delete them from the list
by "Remove()" (2) or double-clicking them in the “Group composition” window.

When you configure a technology group for the first time, the first axis in the list is suggested as
the master axis.

Confirm your selection by clicking on "OK" (3).

Jetter AG
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Now you set the coupling type and whether an actual value coupling is to be used for each includ-

ed axis.

In the screen below, set the "xFollower" axis coupling type to "Eelectrical gearbox" and the "xvMa-

MName: tecizear D TechnolD: 1
Comment:

Technology Group Properbes

Function:

[Maﬁer / follower zds - ]

[ Add or Remove Axes. .. ] [ Remove fuis ]

Actual Value

N

ser" to "Master axis".

Foces | Coupling | Actual Value

wFollower ster s

xvMaster
electrical gearbox O

This results in the following configuration:

Fues Coupling Actual Value
wFollower electrical gearbox -
xvMaster Master axis Pw
Please note:

The master axis does not necessarily have to be in the first position. The order is arbitrary.

Jetter AG
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The configuration supports only one master axis. JetSym will inform you of such a configuration
error in the hardware tree by a warning symbol and a message in the tooltip. This message also
appears in the "Compare and Download" dialog box.

2.3 Downloading the MC files to the controller

The new motion control configuration must be made known to the controller by creating and down-
loading the necessary motion control files. After a reboot, the new configuration can be used by the
controller.

E‘ HectricalGear System
ERF=1 Release
= Set as Active Configuration

=

Generate file for virtual setup

Compare and Download M

EIF: Motion Cortrol
- b MC-Virtual feds t}wl"-"lasterL '-:;

Select "Compare and Download" in the shortcut menu of the configuration folder (here e.g. "Re-
lease").

JC440MC
J° Compare and Download (ElectricalGear/Release) | ? 22 |
Project Configuration and Parameter Files
Mame =355 Remoie Path (:} #i| Message
= JC-440MC (JC-440MC - IP: 192.168.131.17)
= Corng
ConfigEMIxml 7 SysConfig/ X4/ConfigENI xmil G
Publisher.pub 7 SysConfig/JetSync/Publisher. pub (:}
Subscriber.sub T SysConfig/JetSync/Subscnber sub (:}
ModConfig da 7  /SysConfig/ModConfig da (:}
MetConsistency xml 7 SysConfig/NetConsistency xmil
SysConfigouml 7 SysConfig/Sy=Configxml [
[= Parameter
MChods 1ini_ (ovMaster) 7 MobionMChxis_1ini Local file dog
MChoas_2am_  (xFollower) 7 Mobon™MCls_2am Local file dog
MCTechno_1.ini_ (tecGear) ?  Motion'MCTechno_1.ini Local file dog

|| Expert Mode

Jetter AG 14
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Creating a Technology Group

JC365MC:

Name
= JC-365MC (JC-365MC - IP: 192.168.10.15)

= Caonfig
MC.ini
MCSetup.ini
Publisher pub
Subscriber.sub
ModConfig da
MNetConsistency xml

= Parameter
MChxis_1.ini_ (xvMaster)
MChxis_2.ini_ («Follower)
MCTechno_l.ini_ (tecGear)

=3~ Remats Path

IMotion™C_ini
IMotion/MCSetup.ini
1SysConfighletSync/Publisher.pub
ISysConfighletSync/Subscriber sub
15ysConfig/MadConfig.da
1SysConfig/NetConsistency.xml

Local file dog
Local file dog

Local file dog

IMotion™CAxis_1.ini
IMotion™Clxis_2.ini
/Motion/MCTechnao_T.ini

In the "Compare and Download" dialog, transfer the hardware configuration to the configured con-
troller by clicking on the "Download" button.
If a reboot of the controller is necessary, a corresponding dialog is displayed where you can restart

the controller.

Jetter AG
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3 Applying the Technology Group in Motion Setup

3.1 Operating the technology group

Open the Motion Setup dialog by double-clicking on the corresponding technology group. Then
switch to "Motion Setup" in the configuration menu.

:ted}ear x

o Properties

‘... Mation STp

Load Save Upload Download Help

Technology group
xvMaster
Parameter
Ptp
Coupling
xFollower
Parameter
Ptp
Diagnose
Errors
Status

Filter coefficiant 0.00

Ser error Activate Enable Ctrl + F12 Clear E

f@ Enabled @ Running @ U
@ Techno error | Deactivate Disable F12 T m—

f@ Disabled @ Suspended

Jetter AG 16
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The Motion Setup is divided into the following areas:

Technology group A
xvMaster
Parameter Filter coefficiant 0.00
Ftp
Coupling
xFollower
Parameter
Ftp
Diagnose
Errors
Status

.
3
@ Enabled @ Running @ User error Activate Enable Ctrl + F12 Clear Error

..G Disabled @ Suspended @ Techno error | Deactivate Disable F12 vE) e

o

Menu - Selection of the individual commissioning pages
Control bar

Indication area

Status

PRWI

Status Operation Online

@ Enabled Running ser error Activate Enable Ctrl + F12 Clear Error

2 2
f@ Disabled @ Suspended f@ Techno erro Deactivate Disable F12

o The elements allow the higher-level operation of the technology group

= Activate/deactivate the technology group

= Enable/disable (only if the group is active and error-free)

= Clear error: Clears errors of the group and the axes involved in the active group
o Status indication

= Enabled
= Disabled
= Running

= Suspended

= If the group is inactive, the statuses are grayed out
o Errors

= User error

= Techno error = Technology group errors

o Online
= The online symbol indicates whether there is a connection with the controller.
. Offline: ) ==
=  Online:

Jetter AG 17
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3.1.1 Error page - Overview

Load Save Upload Download Help
Technology group
xvMaster tecGear Clear Error
Parameter
Ptp No error.
Coupling xFollower Clear Error
Parameter
Pt whaster Clear Error
p
Diagnose No error.
Errars
Status
3 Enabled 2 Running 3 User error Activate Clear Error
13 Disabled 3 Suspended /3 Techno error + fa—

Here you can see existing errors of the group and its member axes. Apart from the option of clear-

ing all errors with the "Clear Error" button in the control bar, errors can be handled individually
here.

Jetter AG 18
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3.1.2 Status page - Overview

Load Save Upload Download Help
Technology group
xvMaster
Parameter Operating mode Type of active mation
Pip " Inactive 3 Positioning
Coupling ~ -~ L
XFoll r & MNormal & Velocity
Parameter 3 User error Slope
~ Pip System state @ Stopped
Diagnose
Errors " Inactive 3 Inacceleration
Status 3 Disabled 3 Atmax speed
4 Enabled/ Stopped 3 In deceleration
/3 Running
@ Suspended
3 Error: enabled
3 Error: disabled

3 Enabled 3 Running 3 User error Activate Clear Error
@ @

Techno error #  Mi—

2 Disabled Suspended

The technology group displays the status for operating mode, operating state, movement type and
ramp status (= Slope).

Movement type and ramp status refer to the movement of the master axis.
3.1.3 Other windows

Further windows for setting up and testing the technology group are explained in the thematically
related Application Notes.
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4 Applying the Technology Group in the Application Program

4.1 Integrating the Motion API library into a project

The first option is to directly select the Motion API library when creating a new project.
JF New

i Project | File | Other Documenits

4 5TY -
4 Industrial Automation | Common
Common
Mation Product [ JC-440MC vl
Maotion Control | =
Jetter Visualisation CPU: JC-440MC l =
‘ Samples 'Il !
Templates : w
4 Mabile Automation £ S—
Commeon F
150 Visualisation Include Lioraries
Jetter Visualisation Mation APIv2.0.0.4
Samples
Templates
4 |ibrary
Commen _
4 Virtual Autornation | @ Create New Workspace
Commen Create Project Folder automatically
4
°T e ™ | © Add to Current Workspace
Project name:  ElectricalGear
Location: DAMcApniTechnologieverbund\SampleProjects\\Electrical Gear E]
[ ok ][ cancel |

The library is then directly integrated into the project tree and included in the STX project.

Files

[ Workspace BlectricalGear

=2 BectricalGear files
-5 Program

3 ElectricalGear sbp

=5 Declaration
s @ BlectricalGear stad

HD Setup
L ¥ BlectricalGear stxs
..... 3 Data Dump
----- [d Cscilloscope
B[ Library
& @[5 Motion_2.0.0.4libdesc

----- [ System Files
----- [ Bstemal Dependencies

----- [ Resource Files

By creating the hardware configuration and using the Motion API, a "HardwareConfig.stxp" is au-
tomatically created which is also available to the current project through the “Include" settings in
the project settings.

In this program file, the motion objects are instantiated and the lists of the MC Manager are creat-
ed.
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£} ElectricalGear st
3 Data Dump
3 Oscilloscope

Mew File...
Mew Folder...
Add Files to Folder...

UEUE =L

Add Libraries...

Settings...

er.

Only one Motion API library can be included at a time. If you want to switch libraries, the existing
link must first be deleted and then the desired library added. Deleting the library in this view does
not delete the files or libraries in the file system!

This file is created during compilation. In order for the motion objects in the program to be used
with the help of IntelliSense in the program, the program must be compiled once.

For a new project without existing code, the following short routine should be created to compile
without errors:

Task tMain autorun

End Task;

The motion objects are then entered in the IntelliSense which will support you during program
creation.

4.2 Rebooting the program

When starting a program, we distinguish between two scenarios:
- Booting the controller
- Restarting the application by download or directly by JetSym

4.2.1 Rebooting the controller

When rebooting the controller, all components of the operating system of the controller are restart-
ed. This also includes the Motion Control kernel. Based on the MC.ini and MCSetup.ini configura-
tion files, the Motion Control kernel creates its motion objects. It also connects to and synchronizes
the connected servo amplifiers. The configuration files associated with the Motion Control objects
are then loaded so that control parameters, transmission ratios, etc. are available when the appli-
cation is started.

Normally, all Motion Control objects are initialized, synchronized and error-free after completion of
the boot phase. Axis groups are inactive while real, virtual, and simulation axes are in the operating
state "locked". This is the default initial state from which the program proceeds.

Special cases:
- Boot error of the Motion Control kernel
o Hardware configuration in MCSetup.ini does not match with actual hardware, e.g. if the
number of specified axes does not match with connected drives or if the IP configura-
tion of the servo amplifier is incorrect.
o Synchronization failed e.g. due to wrong operating system of the interface cards in the
servo amplifiers.
- Servo amplifier errors
o Common errors:
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= Encoder error (JM-200): If an encoder system other than resolver or HIPER-
FACE is used, this is not automatically detected by the JM-200 and it initially in-
dicates an encoder error. This error can be cleared by "Clear Error", since the
correct encoder should already be entered in the MCAxisXX.ini.

= Synchronization error F43 during Ethernet synchronization: Mostly generated by
rebooting the controller only without simultaneously restarting the JM-200. When
the controller is rebooted, the JM-200 detects a loss of synchronization and sig-
nals error F43. This error can be cleared by "Clear Error".

When starting the program, the above exceptions should be taken into account in order to reach
the standardized initial situation on the one hand and to inform the user in case of boot errors on
the other hand so that he can take appropriate actions.

4.2.2 Restarting the application

It is to be noted, that when the application is restarted, the controller will load the last available mo-
tion control objects as per the configuration files. Or be it through a previously run application pro-
gram or through the use of Motion Control objects by Motion Setup.

This should be taken into account in standard applications. Since the actual application should
start from a default initial state, the Motion Control objects should be transferred to this state.
This includes clearing errors, locking drives and deactivating groups.

Resetting the Motion Control objects

A procedure for resetting the Motion Control objects works both after booting the controller and
when restarting the program.
The structure of the motion control results in a general sequence in which this can happen.

- Resetting the groups:
o Disable
o Clear error
o Deactivate
- Resetting the axes
o Disable
o Clear error

It is recommended to restart the program or reboot the controller when the machine is stopped.

In the following suggestions, the motion is locked using an emergency stop ramp which results in a
hard stop. If running axes are to be stopped in a targeted manner, the procedure must be adapted
accordingly. In the simplest case, a targeted "MoveHalt" is sufficient before locking, but this ap-
proach quickly achieves a certain complexity due to the various requirements of the applications
which cannot be generally described here.

It is also often desired that parameters that have been changed during runtime or by Motion Setup
be reset again. To do this, load the parameters after clearing any errors.

4.2.2.1 Restarting the application - Suggestion 1:

//Resetting all technology groups
if not tecGear.State.IslInactive then
if not tecGear.State.IsDisabled or not tecGear.State.IsDisabledError then
tecGear.State.Transitions.Disable (MCStateTransitionDisableModes.VelocityControlSlope) ;
when tecGear.State.IsDisabled or tecGear.State.IsDisabledError continue;

end if;

tecGear.Diagnostics.ClearErrors();
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when tecGear.State.IsDisabled continue;

tecGear.Deactivate();
when tecGear.State.IsInactive continue;

end if;

//Resetting all axes

if not xvMaster.State.IsDisabled or not xvMaster.State.IsDisabledError then
xvMaster.Power.Quickstop () ;

when xvMaster.State.IsDisabled or tecGear.State.IsDisabledError continue;

end if;

xvMaster.Diagnostics.ClearErrors () ;

when xvMaster.State.IsDisabled continue;

//Optional
xvMaster.Settings.LoadFromFile () ;

when xvMaster.State.IsDisabled continue;

if not xFollower.State.IsDisabled or not xFollower.State.IsDisabledError then
xFollower.Power.Quickstop () ;
when xFollower.State.IsDisabled or xFollower.State.IsDisabledError continue;

end if;

xFollower.Diagnostics.ClearErrors();

when xFollower.State.IsDisabled continue;

//Optional
xFollower.Settings.LoadFromFile () ;

when xFollower.State.IsDisabled continue;

In this example, the reset routines are executed separately for each Motion Control object created.

See also sample project:
e TechnologyStartUp1

4.2.2.2 Restarting the application - Suggestion 2:

function TechnoResetAll ()

var
nListIndex: int;

end var;
for nListIndex := 0 to mcMgr.TechnoCount - 1 by 1 do

if not mcMgr.TechnolList[nListIndex].State.IsInactive then
if not mcMgr.TechnoList[nListIndex].State.IsDisabled or
not mcMgr.TechnoList[nListIndex].State.IsDisabledError
then
mcMgr.TechnoList [nListIndex].State.Transitions.Disable (
MCStateTransitionDisableModes.VelocityControlSlope) ;
when mcMgr.TechnoList[nListIndex].State.IsDisabled or
mcMgr.TechnoList [nListIndex].State.IsDisabledError continue;
end if;
mcMgr.TechnoList [nListIndex].Diagnostics.ClearErrors();

when mcMgr.TechnoList[nListIndex].State.IsDisabled continue;
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mcMgr.TechnolList [nListIndex] .Deactivate () ;
when mcMgr.TechnolList[nListIndex].State.IsInactive continue;
end if;
end for;

end function;

function AxisResetAll ()
var
nListIndex: int;

end var;

for nListIndex := 0 to mcMgr.AxisCount - 1 by 1 do

mcMgr.AxisList[nListIndex].State.Transitions.Disable (
MCStateTransitionDisableModes.VelocityControlSlope) ;

when mcMgr.AxisList[nListIndex].State.IsDisabled or

mcMgr.AxisList [nListIndex].State.IsDisabledError continue;
mcMgr.AxisList[nListIndex].Diagnostics.ClearErrors();
when mcMgr.AxisList[nListIndex].State.IsDisabled continue;
//Optional
mcMgr.AxisList [nListIndex].Settings.LoadFromFile () ;

when mcMgr.AxisList[nListIndex].State.IsDisabled continue;

end for;

end function;

In this example, the reset routines are executed separately for each Motion Control object created.
You can include these functions as standard functions in other projects.

See also sample project:
e TechnologyStartUp2

4.3 Activating the technology group

In the default initial state, groups are inactive. The operating state is therefore "Inactive" which can
be queried using the "tecGroup.State.IsInactive" command.

The technology group is activated using the "tecGroup.Activate" command. Depending on the pre-
vious state of the member axes, successful activation can be queried before activation with "Disa-
bled" or "Enabled" as a corresponding change of state.

The group is assigned the operating state "Enabled" or "Disabled" according to the states of the
member axes before activation. If not all stateful member axes have the same status, an error is
displayed when activating.

Stateful axes are those that can assume a state other than "Inactive". These are virtual, real or
simulation axes.

External axes or shadow axes always have the "Inactive" state and are not taken into account.

A group can only be activated if the stateful member axes are in the "Enabled"
or "Disabled" state. If, for example, at least one stateful member axis is in the
"Running" state, activation is not possible.
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Example:

xvMaster.Power.Enable () ;
xFollower.Power.Enable () ;
when xvMaster.State.IsEnabled continue;

when xFollower.State.IsEnabled continue;

// Activating the group
tecGroup.Activate () ;
// Waiting for activation to succeed

when tecGroup.State.IsEnabled continue;

For simplicity, a successful activation is assumed in the process. The handling of errors can be
performed in a separate task.

A typical error is the activation of the group with different operating states of the stateful member
axes.

After the group has been activated, the operating state of the stateful member axes changes to
"Inactive".

Technology Group Member Lxis Technology Group Member Axis

Activate — — — — Activate — — — — 4 -
Y

Inacti'.re Disabled

State transitions when the technology group is activated

4.4 Deactivating the technology group

The technology group is deactivated using the "tecGroup.Deactivate" command. The successful
deactivation can be checked by querying for "Inactive". Alternatively, it is sufficient to query the
operating status of the stateful member axes for "Enabled" or "Disabled".

The stateful member axes change from "Inactive" to "Enabled" if the group is in the "Enabled" state
before deactivation.

The stateful member axes change from "Inactive" to "Disabled" if the group is in the "Disabled"
state before deactivation.

Note: A group can only be deactivated if it is in the "Enabled" or "Disabled" state.

Example "Disabled":

when tecGroup.State.IsDisabled continue;
// Deactivating the group
tecGroup.Deactivate () ;

// Waiting for deactivation to succeed

when tecGroup.State.IsInactive continue;
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Example "Enabled":

when tecGroup.State.IsEnabled continue;
// Deactivating the group
tecGroup.Deactivate () ;

// Waiting for deactivation to succeed
when xvMaster.State.IsEnabled continue;

when xFollower.State.IsEnabled continue;

After the group has been deactivated, its operating state changes to "Inactive".
State transitions when the technology group is deactivated:

See also sample project:
¢ TechnologyActivateDeactivate

4.5 Positioning

When positioning an axis, you must consider whether it is active as a single axis or as a member
axis in the group.

For a single axis, the positioning functions are invoked directly on the axis object.

Example:

xvMaster.MovePtp.Start (AxisPositioningModes.AbsModuloAuto, 100.0, 200.0, 1000.0, 1000.0, 1.0);
xvMaster.MoveVelocity.Start (Directions.Positive, 100.0, 200.0, 300.0);

xvMaster.MoveHalt.Start (MCAxisHaltModes.Normal, 1000.0);

xvMaster.MoveHome.Start () ;

xvMaster.MoveHome.SetReference () ;

If the group is active, the positioning functions are invoked via the group:

Example:

tecGear.MovePtp.Start (xvMaster, MCTechnoPositioningModes.AbsModuloAuto, 100.0, 200.0, 1000.0,
1000.0, 1.0);

tecGear.MoveVelocity.Start (xvMaster, Directions.Positive, 100.0, 200.0, 300.0);
tecGear.MoveHalt.Start (xvMaster, MCTechnoHaltModes.Normal, 1000.0);

If positioning functions are sent to the single axis, although it is active in a group, the error "10 -
Object inactive" is generated which indicates that an inactive object has been accessed here.

See also sample projects:
¢ TechnologyMovelnGroup
¢ TechnologyMoveNoGroup

4.51 MovePtp
Single axis:

There are two ways to query whether a positioning is finished:
- Operating state query: AxisName.State.IsEnabled
o When positioning is executed, the operating state of the axis changes to "Running"
which changes back to "Enabled" when it is finished.
- Ramp state query
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o When positioning is executed, the ramp states change from "Accelerating", "Con-
stantSpeed", "Decelerating" to "Stopped" signaling the axis has stopped.
Accelerating: AxisName.Mechanism.Slope.IsAccelerating

Constant speed: AxisName.Mechanism.Slope. IsAtConstantSpeed

Decelerating: AxisName.Mechanism.Slope. IsDecelerating

Stopped: AxisName.Mechanism.Slope. IsStopped

O O O O

These queries all refer to the setpoint of the axis.

Whether the actual position has also reached the target window should also be checked using the
Axis.IsInTargetWindow command.

An axis that has been stopped prematurely, e.g. by a MoveHalt, changes to the "Enabled" operat-
ing state and the ramp status "Stopped", but may not have reached the target position!

Axes involved in a group:

When querying whether a positioning has been completed, only the ramp status and, if applicable,
the target window of the respective axis should be taken into account. The operating state of the
group is the sum of the operating states of the individual axes. As soon as a member of the group
moves, the operating state changes to "Running" and only if all members are standing still, the
state "Enabled" is reached. It may therefore be ambiguous, depending on the application.

Ramp status of the master axis:

The group itself also has a ramp status. This is the ramp status of the master axis! For this reason,
the ramp status query must also take this into account when positioning the master axis. The ramp
status of the master axis as a single axis always remains "Stopped" during the active grouping and
can, therefore, not be used.

Example:

// Master axis
tecGear.MovePtp.Start (xvMaster, MCTechnoPositioningModes.AbsModuloAuto, 100.0, 200.0, 1000.0,
1000.0, 1.0);

when tecGear.Mechanism.Slope.IsStopped and xvMaster.IsInTargetWindow continue;

// Follower axis
tecGear.MovePtp.Start (xFollower, MCTechnoPositioningModes.AbsModuloAuto, 100.0, 200.0, 1000.0,
1000.0, 1.0);

when xFollower.Mechanism.Slope.IsStopped and xFollower.IsInTargetWindow continue;
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4.5.2 MoveVelocity

Single axis:
To query whether the endless positioning is started, you can check for the operating state "Run-
ning". The axis changes to this state as soon as it starts to accelerate.

To query the phases of an endless positioning the ramp status is checked:

¢ AxisName.Mechanism.Slope.IsAccelerating
o AxisName.Mechanism.Slope.IsAtConstantSpeed

Example:

xvMaster.MoveVelocity.Start (Directions.Positive, 100.0, 200.0, 300.0);
when xvMaster.Mechanism.Slope.IsAtConstantSpeed continue;

Axes involved in a group:
As with MovePtp, the ramp status should be used here as with the single axis.

The operating state of the group is the sum of the operating states of the individual axes. As soon
as a member of the group moves, the operating state changes to "Running" and only if all mem-
bers are standing still, the state "Enabled" is reached. The state may therefore be ambiguous, de-
pending on the application.

Ramp status of the master axis:

The group itself also has a ramp status. This is the ramp status of the master axis! For this reason,
the ramp status query must also take this into account when positioning the master axis. The ramp
status of the master axis as a single axis always remains "Stopped" during the active grouping and
can, therefore, not be used.

Example:

// Master axis
tecGear.MoveVelocity.Start (xvMaster, Directions.Positive, 100.0, 200.0, 300.0);

when tecGear.Mechanism.Slope.IsAtConstantSpeed continue;

// Follower axis
tecGear.MoveVelocity.Start (xFollower, Directions.Positive, 100.0, 200.0, 300.0);

when xFollower.Mechanism.Slope.IsAtConstantSpeed continue;
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4.5.3 MoveHalt

Single axis:
There are two ways to query whether stopping is complete:
- Operating state query: AxisName.State.IsEnabled
o When positioning is executed, the operating state of the axis changes to "Running"
which changes back to "Enabled" when it is finished.
- Ramp state query
o In stopping, the ramp states change from "Accelerating", "ConstantSpeed", "Decelerat-
ing" to "Stopped" when the axis is stopped.

o Accelerating: AxisName.Mechanism.Slope.lsAccelerating
o Constant speed: AxisName.Mechanism.Slope. IsAtConstantSpeed
o Decelerating: AxisName.Mechanism.Slope.IsDecelerating
o Stopped: Axis.Mechanism.Slope.lsStopped
Example:

xvMaster.MoveHalt.Start (MCAxisHaltModes.Normal, 1000.0);

when xvMaster.Mechanism.Slope.IsStopped continue;

Axes involved in a group:
Only the ramp state should be taken into account when querying whether stopping is complete.

The operating state of the group is the sum of the operating states of the individual axes. As soon
as a member of the group moves, the operating state changes to "Running" and only if all mem-
bers are standing still, the state "Enabled" is reached. The state may therefore be ambiguous, de-
pending on the application.

Ramp status of the master axis:

The group itself also has a ramp status. This is the ramp status of the master axis! For this reason,
the ramp status query must also take this into account when positioning the master axis. The ramp
status of the master axis as a single axis always remains "Stopped" during the active grouping and
can, therefore, not be used.

Example:

// Master axis
tecGear.MoveHalt.Start (xvMaster, MCTechnoHaltModes.Normal, 1000.0);

when tecGear.Mechanism.Slope.IsStopped continue;

// Follower axis
tecGear.MoveHalt.Start (xFollower, MCTechnoHaltModes.Normal, 1000.0);

when xFollower.Mechanism.Slope.IsStopped continue;
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4.5.4 MoveHome

Single axis:
MoveHome. Start
The reference run is started as usual with MoveHome.Start.

The operating state and the reference status should be used when querying whether the reference
run has been completed:
- Operating state query: AxisName.State.IsEnabled

o When positioning is executed, the operating state of the axis changes to "Running"

which changes back to "Enabled" when it is finished.

- Query of the reference run status

o Bei der Referenzfahrt wechseln die Status von "ReferenceRunStarted",
"ReferenceFound", "SwitchFound" zu "ReferenceSet".
AxisName.MoveHome.lsReferenceRunStarted
AxisName.MoveHome.lsSwitchFound: Switch found
AxisName.MoveHome.lsReferenceFound: Reference found
AxisName.MoveHome.lsReferenceSet: End of reference run

O O O O

Example:

xFollower.MoveHome.Start () ;

when xFollower.State.IsEnabled and xFollower.MoveHome.IsReferenceSet continue;

MoveHome SetReference()
If only the reference is set, it is sufficient to query the reference status "ReferenceSet".

Example:

xvMaster.MoveHome.SetReference () ;

when xvMaster.MoveHome.IsReferenceSet continue;

Note:
For a detailed description of the reference run, see the JM-200 Servo Amplifier documentation.

Axis involved in a group:

Reference run and setting the reference are not available in the group.

Therefore, all group members that need referencing should be handled individually before activat-
ing the group.
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4.6 Diagnostics

Hint:

For more information on diagnostics of errors, warnings and messages also read the Application
Note 054 "Motion Control Basics".

Single axis

The diagnostics of a single axis may be accessed via the axis object’s identifier. Querying and
clearing errors are done via the available functions and properties.

Example:

if xFollower.Diagnostics.IsErrorPending then
xFollower.Diagnostics.ClearErrors () ;

when xFollower.State.IsDisabled continue;

end if;

Technology group

In a technology group, errors are queried and cleared in the same way as for single axes.

If a member axis of a group has an error, e.g. a tracking error, this results in an error state of the
technology group, too. If a technology group error is cleared, all errors of the member axes are
also cleared.

Example:

if tecGear.Diagnostics.IsErrorPending then
tecGear.Diagnostics.ClearErrors () ;

when tecGear.State.IsDisabled continue;

end if;

If the error state of an individual member axis is of interest, you can check the single axis object.
Clearing an error will reset the error of the respective individual axis. However, the error of the
technology group must still be explicitly cleared.

Example:

if tecGear.Diagnostics.IsErrorPending then
if xFollower.Diagnostics.IsErrorPending then
xFollower.Diagnostics.ClearErrors () ;
when not xFollower.Diagnostics.IsErrorPending continue;

end if;

tecGear.Diagnostics.ClearErrors() ;
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when tecGear.State.IsDisabled continue;

end if;

Note:

The examples assume that the errors can be cleared. In practice, however, it is
also possible that errors are still pending and clearing of the errors fails. If, for
example, a real encoder of an axis is defective, it remains defective even after
the error has been cleared. The above queries would now hang on the wait con-
dition.
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