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1.1 About this document

This document is a part of a specification series. Each part specifies the contents of a
Submodel template for the Asset Administration Shell (AAS). The AAS is described in [1-3]
and [6]. First exemplary Submodel contents were described in [4], while the actual format of
this document was derived by the "Administration Shell in Practice" [5]. The format aims to be
very concise, giving only minimal necessary information for applying a Submodel template,
while leaving deeper descriptions and specification of concepts, structures and mapping to the
respective documents [1-6].

The target group of the specification are developers and editors of technical documentation
and manufacturer information, which are describing assets in smart manufacturing by means
of the Asset Administration Shell (AAS) and therefore need to create a Submodel instance with
a hierarchy of SubmodelElements. This document especially details on the question, which
SubmodelElements with which semantic identification shall be used for this purpose.

1.2 Scope of the Submodel

This Submodel template aims at interoperable provision of information describingt he A Cont r ol
configuration and paramet r iiz eedaiddonthefasset ofNHe/ CNC m
respective Asset Administration Shell. Central element is the provision of properties [7], ideally

interoperable by the means of dictionaries such as ECLASS and IEC CDD (Common Data

Dictionary). The purpose of this document is to make selected specifications of Submodels in

such manner that information about assets can be exchanged in a meaningful way between

partners in a value creation network. It targets people who are commissioning or integrate CNC

machines. Therefore a they need data to parametrize the CNC control.

The intended use-case is the provision of a standardized property structure for Control
configuration and parametrization for NC/CNC machines, which enables an easy access of
data, which is needed to configure or parametrize a CNC controller.

This concept can serve as a basis for standardizing the respective Submodel. The conception
is based on existing norms, studies of common practices at enterprises, directives and
standards so that a far-reaching acceptance can be achieved.

Beside standardized Submodel this template also introduces standardized SubmodelEle-
mentCollections (SMC) in order to improve the interoperability while modelling aspects of
Control configuration and parametrization for NC/CNC machines within other Submodels.
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1.3 Relevant standards and sources of concepts for the Submodel template

According to [3], interoperable properties might be defined by standards, consortium
specifications or manufacturer specifications. Useful standards providing sources of concepts

are:

Table 1: List of examplary standards defining interoperable properties

AAS Submodel Digital Nameplate

The digital nameplate AAS is used as a reference
to the real asset (control, axis, drive).

AAS Submodel Technial Specification

The technical specification AAS is used as a
reference to the technical specification of the real
asset (e.g., drive parameters).

AAS Submodel Software Nameplate

The software nameplate AAS is used as a
reference to the software asset (control software if
one exists)

Gdx Format

To gather more informations about the tool
configurations in CNC controls, the gdx format is
helbful.

AAS Tool Description wzl Aachen

The main tool description is described in the AAS
tool description from WZL Aachen. This
description is also used in this AAS.

So called property dictionaries are used identify information elements (see Terms and
Definitions of [6]). Such property dictionaries include:

I ECLASS, see:; https://www.eclasscontent.com/

 IEC CDD, see: https://cdd.iec.ch/cdd/iec61987/iec61987.nsf and

https://cdd.iec.ch/cdd/iec62683/cdddev.nsf

In this document, properties are aimed to be described by ECLASS.

par a


https://www.eclasscontent.com/
https://cdd.iec.ch/cdd/iec61987/iec61987.nsf
https://cdd.iec.ch/cdd/iec62683/cdddev.nsf
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2 Information set for Submodel Control configuration

and parametrization for NC/CNC machines

While defining Submodels the following three aspects must be considered as suggested in [5]:
Use and economic relevance

This submodel is designed to simplify the configuration and parameterization of a controller,
especially CNC controllers. In general, there are many different CNC manufacturers and there
are also different component manufacturers for CNC machines. This makes commissioning a
CNC control system increasingly complex, as the parameterization data must first be found.

Two different use cases have been identified (see Figure 1):

Figure 1: Use Cases

Initial situation Intemnal company
e with vari / °_0
o CNC machine with various Howdol i ...
component manufacturers commission |

the machine? Domain knowledge

w

\Tlme required ;
rexroth '

S i
FANUGC A Bosch Company . i QE Internal file storage !
[ \ ;

SIEMENS Research

Machine integrator

HEIDENHAIN ARR hS N
MW
55.!! Howdol
commission
the machine?
e New CNC I
[ ) 4 Noaccess
BECKHOFF P X
System integrator
Use Case A:

In use case A, a machine integrator commissions a new CNC machine that has not yet been
parameterized in the company. For this use case, the machine integrator must draw on internal
company knowledge by accessing domain knowledge or internal repositories. They also have
to carry out their own research. This process is time-consuming and can be avoided by
presenting the information that already exists in a structured way.

Use Case B:

In use case B, a system integrator is also trying to commission a CNC control system. This
has a further disadvantage in that it does not even have access to the company's internal files.
This makes it even more time-consuming to parameterize the control system.

The possible solution is the use of administration shells as structured data storage to provide
information for the parameterization and configuration of a CNC control. To this end,
component manufacturers and CNC manufacturers should either provide this administration
shell or the machine integrator should create the administration shell so that the reconfiguration
of CNC machines can be simplified.

In order to provide an asset administration shell for this application purpose, the first step is to
analyze what can be configured. The following sub-components have been identified as shown
in Figure 2:

10
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Channel configuration
Axis configuration
Drive configuration
Tool configuration

=a =4 -8 =4

Figure 2: CNC Control sub-components

Achse 1 Antrieb/Umrichter

Achse 2

NC Steuerung Achse x BB Antrieb/Umrichter

Channel Liste

Tool Liste

Additionally, the following configuration options are also highlighted:

1 Communication configuration
9 NC program configuration

Possible functions and interactions

1 Consistent use of data that already exists
1 Preparation of data that already exists
T Simple provision of data for configuring a CNC control system

Property specification

See section 3 Submodel and Collections.

11
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configurat:.

on

and

3 Submodel and Collections

31 Properties
NC/CNC machineso

o f ContioleconfRyurdtiomaaldegaramitrization for

The figure below shows the UML-diagram defining the relevant properties which need to be
set. Table 2 describes the details of the Submodel structure combined with examples.

Figure 3: UML-Diagram for Submodeli Cont r o |
machin e s 0

configuration

<<SubmodeiElementCollection>>
ControlCenfigData

<<AAS>>

Control configuration and parametrization for NC/CNC machines

<<Submodel>>
ControlConfig

+ DigitalNameplate: ref -> submodel [1]

+ ControllerType: String [1]

+ TimeType: Float [0...1]

+ LengthType: String[0...1]

+ FieldbusType: String [0...1]

+ CycleTime: Float [0...1]

+ Velocity Type: String [0...1]

+ JerkType: String [0...1]

+ ContralConfigData{00}: submodelElementCollection [0...1]
+ Channels{00}: submodelElementCallection [0...1]

+ NCProgramConfig{00}: submodelElementCollection [0...1]
+ CommunicationConfig{00}: submodelElementCollection [0...1]
+ Tools{00}: submodelElementCollection [0...1]

+ ControlConfigFileName: String [0...1]
+ ControlConfigFile: File [0...*]

and

<<SubmodelElementCollection>>
Channels

+ Channel{00}: submodelElementCollection [0...1]

<<SubmodelElementCollection>>
NCProgramCenfig

+ NCProgramFileType: String [0...1]
+ NCProgramSyntaxType: String [0...1]
+ NCProgramSyntaxManual: File [0...1]

<<SubmodelElementCollection>>
CommunicationConfig

+ CommunicationType: String [0...1]
1|+ CommunicationAdress: String [0...1]

o
=

+ CommunicationinformationModel: String [0...1]
+ OPCUAConfig: submodelElementCollection [0...1]

<<SubmodelElementCollection>>
Tools

+ Tool: submodelElementCollection [0...*]

The submodel itself is devided into different parts, which can be used to parametrize the CNC

control:

9 Control configuration
Channels

Axis configuration

Drive configuration

NC programming configuration
Communication configuration
Tool configuration

=A =4 -8 4 A -2

First of al | | we

Wi

start with the

ma i

n

the main configuration information of the control is defined like what type is my controller or in

which cycle time the controller is operating.

4 shows the more detailed UML diagram and the properties of the SMC ControlConfig.

12
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Figure 4: UML-diagram for the Submodel "ControllerConfig"
<<Submodel>>
ControlConfig
+ DigitalNameplate: ref -> submodel [1]
+ ControllerType: String [1]
+ TimeType: Float [0...1]
+ LengthType: String[0...1]
+ FieldbusType: String [0...1]
+ CycleTime: Float [0...1]
+ VelocityType: String [0...1]
+ JerkType: String [Q...1]
+ ControlConfigData{00}: submodelElementCollection [0...1]
+ Channels{00}. submodelElementCollection [0...1]
+ NCProgramConfig{00}: submodelElementCollection [0...1]
+ CommunicationConfig{00}: submodelElementCollection [0...1]
+ Tools{00}: submodelElementCollection [0...1]
Table 2: Properties of Submodel AControlConfigo
idShort ControlConfig
Note: the above idShort shall always be as stated.
Class Submodel
semanticld
Explanation The Submontt@Configh i s the col | ¢
parametrizations for the control of CNC machines
[SME type] semanticld = [idType]value [valueType] card.
idShort Description@en example
[Property] The Controller Type describes the | [String] [1]
ControllerType type of controller.
[Property] Time Configuration of the control [String] [ 0é1
TimeType s, ms,
[Property] Length Type of the control [string] [ 0é]
LengthType m, mm, cm, um
[Property] Fieldbus Type of control [String] [ 0é1
FieldbusType EtherCAT
[Property] Defines the cycle time of the CNC | [Float] [1]
CycleTime control 10ms
[Property] Defines the velocity type of the CNC | [String] [ 0é]
Velocity Type control mm/s
[Property] Defines the jerk type of the CNC | [String]+ [ 0é]
JerkType control m/s3
[SMC] Collection of configuration data for | n/a [ 0é]
ControlConfigurationData | the control itself
[SMC] Collection of channels of the control | n/a [ 0é]

13
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Channels
[SMC] Collection of Nc Program | n/a [ 0é1
NCProgramConfig configuration information of the

control
[SMC] Collection  of  Communication | n/a [ 0é]
CommunicationConfig configuration of the control
[SMC] Collection of tools for the control n/a [ 0é1
Tools

32 Properti es Qortrol€ohfigDatddMC i

Figure 5: UML-diagram for the SMC "ControlConfigData"

<<Submodel>>
ControlConfig

+ DigitalNameplate: ref -> submodel [1]
+ ControllerType: String [1]

+ TimeType: Float [0...1]

+ LengthType: String[0...1]

+ FieldbusType: String [0...1] 0.1

+ Velocity Type: String [0...1]

+ JerkType: String [0...1]

+ ControlConfigData{00}: submodelElementCollection [0...1]

+ Channels{00}: submodelElementCollection [0...1]

+ NCProgramConfig{00}: submodelElementCollection [0...1]

+ CommunicationConfig{00}: submodelElementCollection [0...1]
+ Tools{00}: submodelElementCollection [0...1]

+ CycleTime: Float [0...1] <

<<SubmodelElementCollection>>
ControlConfigData

+ ControlConfigFileName: String [0...1]
+ ControlCoenfigFile: File [0...]

Table 3: Properties of SMC "ControlConfigData"

idShort ControlConfigData
Note: the above idShort shall always be as stated.

Class SubmodelElementCollection

semanticld

isCaseOf

AllowDupli True

cates

Parent ControlConfig

Explanation The SMC AContr ol Conf collebtiarnt ta &torei
configuration data for the main part of the control of CNC
machines.

[SME type] semanticity = [valueType] card.
[[dType]value

idShort Description@en example

[Property] Name of the control | [String] [1]
configuration file

14
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ControlConfigFileName

[File]*
ControlConfigFile

File to configure the
control

[File]

[1]

! Recommendation: property declaration as MLP is required by its semantic definition. As the property
value is language independent, users are recommended to provide maximal 1 string in any language of
the userdés choice.

15
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33 Properti es Ghdnnetsth e

configurat:.

SMC i

Figure 6: UML-diagram for the SMC "Channels"

+ DigitalNameplate: ref -> submodel [1]
+ ControllerType: String [1]

+ TimeType: Float [0...1]

+ LengthType: String[0...1]

+ FieldbusType: String [0...1] 0.1
+ CycleTime: Float [0...1]

+ VelocityType: String [0...1]

+ JerkType: String [0...1]

+ ControlConfigData{00}: submodelElementCollection [0...1]

+ Channels{00}: submodelElementCollection [0...1]

+ NCProgramConfig{00}: submodelElementCollection [0...1]

+ CommunicationConfig{00}: submodelElementCollection [0...1]
+ Tools{00}: submodelElementCollection [0...1]

<<Submodel>>
ControlConfig

on

<<SubmodelElementCollection>>
Channels

+ Channel{00}: submodelElementCollection [0...1]

Table 4: Properties of SMC "Channels"

and

idShort Channels
Note: the above idShort shall always be as stated.

Class SubmodelElementCollection

semanticld

isCaseOf

AllowDupli False

cates

Parent ControlConfig

Explanation The SMC iChannelsd i s a af chanheés ofthe GNT
controller.

[SME type] semanticity = [valueType] card.
[[dType]value

idShort Description@en example

[SMC] Configuration n/a [1..%]

Channel information of a specific

channel

16
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34 Properties Ghdnnetohe SMC i

Figure 7: UML-diagram for the SMC "Channel"

and

<<SubmodelElementCollection>>
Channels

+ Channel{00}: submodelElementCollection [0...1]

<<SubmodelElementCollection>>
Channel

i+ Channelldentification: String [0...1]
t+ Axes{00}: submodelElementCollection [0...*]

Table 5: Properties of SMC "Channel"

idShort Channel
Note: the above idShort shall always be as stated.

Class SubmodelElementCollection

semanticld

isCaseOf

AllowDupli True

cates

Parent Channels

Explanation The SMC iChanneld i s a af chhnhetiofarmatons
of the CNC controller.

[SME type] semanticity = [valueType] card.
[[dType]value

idShort Description@en example

[Property] This  describes the | [String] [0é1]

Channelld unique channel id of the | channel1l
specific channel

[SMC] Collection of axes under | n/a [ 0é*]

Axes the channel

17
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Figure 8: UML-diagram for the SM

C "Axes"

and

<<SubmodelElementCollection>>
Channel

<<SubmodelElementCollection>>
Axes

t+ Channelldentification: String [0...1]
i+ Axes{00}: submodelElementCollection [0...*]

t Axis{00}: submodelElementCollection

Table 6: Properties of SMC"Ax e s 0

idShort Axes
Note: the above idShort shall always be as stated.

Class SubmodelElementCollection

semanticld

isCaseOf

AllowDupli True

cates

Parent Channel

Explanation The SMC MAxesd i s a ofodxds et the ONC
controller.

[SME type] semanticity = [valueType] card.
[[dType]value

idShort Description@en example

[SMC] Specific Axis description | n/a [ 0é*]

Axis

18
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36 Properties Aaxgo

t he

configuration

SMC i

Figure 9: UML-diagram for the SMC "Axis"

and

Axes

<<SubmodelElementCollection=>

i+ Axis{00}: submodelElementCollection

<<SubmodelElementCollection>>

Axis

. |+ AxisName: String [0...1]

s 0" |+ AxisType: String [0...1]

+ SwLimitSwitchPos: String [0...1]

+ SwLimitSwitchNeg: String [0...1]

+ VelocityLimit: String [0...1]

+ Drive{00}: submodelElementCollection [0...1]
+ AxisConfigData{00}: submodelElementCollection [1...*]

Table 7: Properties of SMC"A X i s 0

idShort Axis
Note: the above idShort shall always be as stated.
Class SubmodelElementCollection
semanticld
isCaseOf
AllowDupli True
cates
Parent Axes
Explanation The SMC AXxiso i s a ofodxis eanfiguration
information.
[SME type] semanticity = [valueType] card.
[[dType]value
idShort Description@en example
[Property] Name of the axis [String] 0e1l]
AxisName Axisl
@en
[Property] Type of the axis [String] [ 0é1]
AxisType Linear axis
[Property] Positive software limit | [Float] [ 0é1]
SwLimitSwitchPos switch
[Float] Negative software limit | [Float] [ 0ée1l]
SwLimitSwitchNeg switch
[Float] Velocity limit of the axis | [Float] [ 0é1]
VelocityLimit
[SMC] Collection  of  drive | n/a [ 0é 1]
Drive configuration

19
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[SMC] Collection of axis | n/a [ 0é1]
AxisConfigData configuration data

3.7 Properties of the SMC fAxisConfigDatao

Figure 10: UML-diagram for the SMC "AxisConfigData"

<<SubmodelElementCollection>>
Axis

+ AxisName: String [0...1]

+ AxisType: String [0...1]

+ SwLimitSwitchPos: String [0...1]

+ SwLimitSwitchNeg: String [0...1]

+ VelocityLimit: String [0...1]

+ Drive{00}: submodelElementCollection [0...1]

+ AxisConfigData{00}: submodelElementCollection [1...%]

+ AxisConfigFile: File [0...1]

<<SubmodelElementCallection>>
AxisConfigData

+ AxisConfigFileName: String [0...1]

Table 8: Propertiesof SMC"Axi s Conf i gDat ao

idShort AxisConfigData
Note: the above idShort shall always be as stated.

Class SubmodelElementCollection

semanticld

isCaseOf

AllowDupli True

cates

Parent AXxis

Explanation The SMC fAxisConfigDatao IS a cob laxise
configuration data.

[SME type] semanticity = [valueType] card.
[[dType]value

idShort Description@en example

[Property] Axis configuration file | [String] [0é1]

AxisConfigFileName name

[File] Configuration file of the | n/a [ 0ée 1]

AxisConfigFile axis

20
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3.8 of the SMC Driveo

configuration

Figure 11: UML-diagram for the SMC "Drive"

<<SubmodelElementCollection>>
Axis

+ AxisName: String [0...1]

+ AxisType: String [0...1]

+ SwLimitSwitchPos: String [0...1]

+ SwLimitSwitchNeg: String [0...1]

+ VelocityLimit: String [0...1]

+ Drive{00}: submodelElementCollection [0...1]

<<SubmodelElementCollection>>
Drive

+ Manual: File [0...1]
+ TechnicalSpecification: ref --> Submodel [0...1]
+ DreiveConfigData{00}: submodelElementCollection [0...1]

and

+ AxisConfigData{00}: submodelElementCollection [1..."]

Table 9 : Properties of SMC"Dr i v e O

idShort Drive
Note: the above idShort shall always be as stated.
Class SubmodelElementCollection
semanticld
isCaseOf
AllowDupli True
cates
Parent Axis
Explanation The SB@eofi i s a c odrive eanfiguraion
information.
[SME type] semanticity = [valueType] card.
[[dType]value
idShort Description@en example
[File] The manual file of the | n/a [ 0el]
Manual drive
[Ref] Reference to the | n/a [ 0é1]
TechnicalSpecification Submodel  Technical
Specification of the axis
to gather more
informations about e.g.:
9 Drive
transmission
T Nominal Torque
T Nominal Speed
T Firmware File
1 e
[SMC] Collection of | nfa [ 0é 1]
DriveConfigData configuration data of the
drive
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3.9 Properties of the SMC DriveConfigDatao

Figure 12: UML-diagram for the SMC "DriveConfigData"

configuration and

Table 10: Propertesof SMC"Dr i ve Conf i gDat ao

idShort DriveConfigData
Note: the above idShort shall always be as stated.

Class SubmodelElementCollection

semanticld

isCaseOf

AllowDupli True

cates

Parent Drive

Explanation The S NDaveCdnfigDatao i s a c o trivee
configuration data.

[SME type] semanticity = [valueType] card.
[[dType]value

idShort Description@en example

[Property] Name of the | [String] [0é1]

DriveConfigFileName configuration file of the
drive

[File] Configuration File of the | n/a [ 0el]

DriveConfigFile drive
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