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Motivation:

In the mechatronic engineering process the product design phase is followed by the
layout planning step. Already in this early step of facility design there are a lot of
information in use. Existing standard facilities or sub-components are commonly used
during the planning of a new facility. The layout planning can be a basis template for
further steps like process simulation, material handling simulation, robot
programming or virtual commissioning. Transferring the existing information to the
engineering tools for the further steps is an important task in the work flow. For this
reason standardization is necessary.

Product Functional Commissioning / .
Idea >> Design >‘> Engineering >> Operation > Product|0r>

Standardization
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Layout planning tool

2 ilder [AML-AG: i Beispiel1.tpd]
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What is already defined in AML-Whitepaper?
1)Meta information like name, version, creation date, etc.

2)Topology (InstanceHierarchy objects)
3)Position (Frame attribute)
4)Geometry (Extern referencing of Collada files)
5)Connection points from components (InternalLink object)
6) AutomationMLExtendedRoleClassLib:

guipment” library.
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Existing role class library: + B AutomationMLDMIRoleClassLib

& [RL] DiscManufacturingEquipment {Class: Resource}
RoleClassLib Transport {Class: DiscManufacturingEquipment
X ® ™

Storage {Class: DiscManufacturingEquipment}
@ AutomationMLExtendedRoleClassLib

ProductionLine {Class: ResourceStructure}
WorkCell {Class: ResourceStructure}
ProcessCell {Class: ResourceStructure}
Unit {Class: ResourceStructure}
ProductionUnit {Class: ResourceStruct
StorageZone {Class: ResourceStru
StorageUnit {Class: ResourceStpdciure}

Fixture {Class: DiscManufacturingEquipment}

No attributes
3

<RoleClas=s Name="Turntable" RefBaseClassPath=
"AntomationMLDMIRoleClassLibfAntomationMLDMIRoleClassLib/DiscManufacturingEBquipment/Transport” />
<RoleClass Name="Conveyor" RefBasellassPath=
"AntomationMLDMIRoleClassLibfAntomationMLDMIRoleClassLib/DiscManufacturingEquipment/Transport">
[E} <RoleClass Name="BeltConveyor" RefBaseClassPath="Conveyor" />

<RoleClass Name="RollConveyor" RefBaseClassPath="Conveyor" />
<RoleClass Name="ChainConveyor" ERefBaszeClassPath="Conveyor" />

<RoleClass Name="PalletConveyor" RefBaseClassPath="Conveyor" />
Turntab|E|] Cla!‘-E:TrEII"ISEOI"tt I <RoleClass Name="OverheadConveyor" RefBaseClassPath="Conveyor" />
</RoleClass>

a [Rf] Conveyor {Class: Trans ]
BeltConveyor { Class: Conveyor}

RollConveyor { Class: Conveyor} . . . .
ChainConveyor {Class: Conveyor] - Categorized by loading equipment, which

PalletConveyor {Class: Conveyor} iS a Su bCO m po nent Of th e Co nveyo r
OwverheadConveyor { Class: Conveyor}
LiftingTable {Class: Transport}

AGV {Class: Transport}

Transposer {Class: Transport}
CarrierHandlingSystem {Class: Transport}
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RoleClassLib

Creation of a standard role class library: (%AW _ _
A AutomationMLBaseRoleClassLib

v MaterialsHandlingClassLib
A Turner {Class: Resource}

 Small function-based roles

» Separation of concerns: Product, resource, - Conveyor {Class: Resource)

pI"OCESS ~ Positioner {Class: Resource}

* Derived from standard base roles like ~ ConveyorTechnology {Class: Resource}
,Resource” or ,ResourceStructure” ~ Storage {Class: ResourceStructure}

d Comparison with standards like VDI 2860 and A ConnectionPoint {Class: ResourceStructure!
VDI 2411 ~ ConveyorAttachments { Class: Resource}

* Difference of conveyor and positioner: Sensor {Class: Resource)
Positioner moves together with the last, A EndEffector {Class: Resource}
conveyor stays steady and conveys the last privetechnology { Class: Resource}

* Loading equipment as a role, not the ~ LoadingEquipment {Class: Resource}

categorization :

A Behavior {Class: Process}

~ Securing { Class: Process}

P Verification {Class: Process}
™ Source&Sink {Class: Process}
A GoodProcess {Class: Pracess}
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Process roles in accordance with VDI 2860

Sorting {Class: Behavior}

Material flufd o )
bewirken « [fr] Dividing {Class: Behavior}
I
5 [ [ 1 Partition {Class: Dividing}
g Férdern lt-*.‘a‘ag:if::nhernl Handhaben o A o
£ VDI 2411 vSn ! VDI 2860 Distribution {Class: Dividing}
i I 1 | —L— Branching {Class: Dividing}

. Mangen . Kontrol-
Speichern | | st darn Bewegen Sichern lieren |

e c
g T 5 "
Eé Teilen Drehen Halten Priifen “ uring { Process
EE Vereinigen | Verschieben] Ldsen Holding {Class: Securing}
T Facordnetes [-Abteilen |-Schwenken|—Spannen | [I- Anwesenheit Loosening {Class: Securing}
Speichern priifen ) ] i )
L Zuteilen |- Orientieren f~Ent- —mg_;?titat Tightening {Class: Securing}
spannen priifen . )
. N RL] Relieving {Class: Securing}
|- teilgeord-  f-Verzweigen |- Positionier ~Farm
- netes ' L prfjfgn
E | Speichern | 7usammen. |- Ordnen GroBe —
s | fiihren priifen W Verification {Class: Process
s | - Filhren Farbe . .
o | Sortieren priifen  [Rr] Inspection {Class: Verification}
5| — Weitergeben g%‘:;f‘ht PresenceCheck {Class: Inspection}
% | i Pasition ShapeCheck {Class: Inspection}
. prifen . . -
E i I Orientierung SizeCheck {Class: Inspectm_n}
4 | I :;“fe“ ColorCheck {Class: Inspection}
[ESSEn
| I Zihlen WeightCheck {Class: Inspection}
‘ I Orientierung PositionCheck { Class: Inspection}
messen
| i Position OrientationCheck {Class: Inspection}
__;i_ —_—_————— L messen « [R0] Measuring {Class: Verification}
g g Lungeord- *) L (Férdern) *) Counting {Class: Measuring}
NS petes % o . T
Eﬁé Speichern PositionMeasuring { Class: Measuring}
e [ff] CrientationMeasuring { Class: Measuring}
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Material handling interfaces

43¢ AW

» [ AutomationMLinterfaceClassLib

N c| MaterialsHandlingInterfaceClassLib

=0 MatenalFlowConnector {Class: Order}

=0 MaternalFlowProductionProcessConnector { Class: AutomationMLEBaselnterface}

1) MaterialFlowConnector:
* For the definition of connection points between material flow components
* Derived from ,Order” interface, which has the , Direction” attribute
* Values for ,Direction”: In, Out, In/Out

2) MaterialFlowProductionProcessConnector:
 AutomationML allows the defining of processes in multiple layers in the same
file
A connection between the material flow process and the production process

www.tarakos.com www.taraVRbuilder.com
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Example scene for material handling

Diid
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SystemUnit class |ibrary: a Fd MaterialsHandlingTestSystemUnitClassLib
a [5 StraightLineConveyor {Class:}

. . i ConveyorElement {Class: StraightLineConveyor Role: StraightConveyor
* 6 example implementations: = Y { 9 y g yor}

i . v [iE] CarrierElement {Class: StraightLineConveyor Role: ConveyorTechnology}
Straight line conveyor, Turntable,

a ®m MappingObject

Linear gantry, Corner transfer unit, A AttributeNameMapping: Lange
Loading station, Discharging station A: AttributeNameMapping: Geschwindigkeit
e |Internal e|ement5' which are R AttributeNameMapping: Breite

referencing the roles R AttributeNameMapping: Neigung

Connection points which contain
the interface ,,Material Flow

 [1E] ConnectionPoint1 {Class: StraightLineConveyor Role: ConnectionPoint}
4 59, Interfaces
o MaterialFlowConnection {Class: MaterialFlowConnector}

Connector” v [1E] ConnectionPoint2 {Class: StraightLineConveyor Role: ConnectionPoint}
e Attribute Mapping v [ Turntable {Class:}

A conveyor has a carrier element, is « [@0 LinearGantry {Class:}
not Categorized with it « [1E] RailElement {Class: LinearGantry Role: LateralPositioner}

Complicated classes with more

than one internal element i.e. v [If] ConnectionPoint2 {Class: LinearGantry Role: ConnectionPoint}
Linear gantry or corner transfer SupportedRoleClass: MaterialsHandlingProcessClassLib/Behavior/ComboElement
unit + @0 CornerTransferUnit {Class:}

Marker Role: ComboEIement " LoadingStation {Class: StraightLineConveyor,

Usage of inheritance: i.e. Loading ¥ 1] Conn_ectmn_PomtE {Class: L§ad|ngS_tatlon Role: C@nectmnPomt}
. . . . . v [If] LoadingAction {Class: LoadingStation Role: Loading}
station inherits straight line

) v [@d DischargingStation {Class: StraightLineConveyor}
conveyor and defines 2 new sub
elements

www.tarakos.com www.taraVRbuilder.com

« [if] LiftingElement {Class: LinearGantry Role: VerticalPositioner}

« [IE] ConnectionPoint1 {Class: LinearGantry Role: ConnectionPoint}
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Instance hierarchy:

* First approach of an instance
hierarchy with the new material
handling role class library

* Example scene as the starting
point

* An exported AML-data from
taraVRBuilder has been edited
manually

e A mixture of standard and non-
standard elements. i.e. Geruest
has no standard role.

e Already implemented:

* Process roles
e Linking of the components
e Attribute mapping

www.tarakos.com
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« "B AML-AG-Materiafluss-Beispiel
a [1E] Objects {Class: Role:}
R Botae Station (lass:Loacingstaton Role)
4 1] ConveyorElement { Class: StraightLineConveyor Rele: StraightConveyor}
4 [1E] CarrierElement {Class: StraightLineConveyor Role: RollCarrier}
[it] ParameterDict {Class: Role:}
[ie] VorgaengeDict {Class: Role:}
« m MappingOhbject
R AttributeNameMapping: Laenge
A AttributeNameMapping: Breite
R AttributeNameMapping: GeschwindigkeitFoerdern
+ [If] Geruest {Class: Role:}
4 [IE]] ConnectionPaint1 {Class: StraightLineConveyor Role: ConnectionPoint}
4 %9, Interfaces
<0 MatenalFlowConnection {Class: MateralFlowConnector}
+ [If] ConnectionPoint? {Class: StraightLineConveyor Role: ConnectionPoint}
+ [It] ConnectionPoint2 {Class: LoadingStation Role: ConnectionPaint}
« [If] LoadingAction { Class: LoadingStation Role: Loading}
« [If] Entlade-Station {Class: DischargingStation Role:}
« [If] Entlade-Station {Class: DischargingStation Role:}
+ [IE] Gerade multistau {Class: StraightLineConveyor Role:}
+ [IE] Gerade multistau {Class: StraightLineConveyor Role:}
= [1it] Drehtisch {Class: Turntable Role:}
« [If] Gerade multistau {Class: StraightLineConveyor Role:}
+ [If] Linearportal {Class: LinearGantry Role:}
+ [IE] Gerade multistau {Class: StraightLineConveyor Role:}
+ [IE] Gerade multistau {Class: StraightLineConveyor Role:}
« [It] Sources {Class: Role:}
= [If] Goods {Class: Role:}

www.taraVRbuilder.com




: tarakos Virtual made Reality

. @  virtualmade Reality

Next steps:

 Enhancement of the role class library with new aspects
of material handling

* Implementing more components

* Product-Process-Resource relationship

* Implementing control aspects of material handling

* Implementing transporting strategies

e Support of the material handling role class library in
tarakos software

www.tarakos.com www.taraVRbuilder.com
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PPR Concept e ——

St

Tw01

o5 N | MotoRichingvenaerts DriveSpeed.xml
) =
= [IH] InstanceHierarchy ] 5N
= [IE] RollConveyer {Class: Role:} sl
- Ressourcen [Class: Role: Resource) e
RollConveyer {Class: Role: Resource) EElCyr===
TransportAction {Class: Role: ProcessAction) — .
DrivIe[t)ir;ction [Class: Role: ProcessVariable) DriveAccelleration.xmi =)
=l =~ Interfaces |
~> PLCopenXMLinterfaceDriveDirection {Class: PLCopenXMLUinterface}V e i 7
= [IE] DriveSpeed {Class: Role: ProcessVariable) i
=l =0 Interfaces - Sensor.xml
~2 PLCopenXMLInterfaceDriveSpeed {Class: PLCopenXMLinterface} <€ g i R e
= m DriveAccelleration [ Class: Role: ProcessVariable) s -
=l =0 Interfaces e O oy — Too
~0 PLCopenXMlLinterfaceDriveAccelleration [ Class: PLCopenXMLnterfacele—— o, - 108
= @ Sensor {Class: Role: ProcessVariable} b / o] el M
: i)
= =0 Interfaces . Too
~> PLCopenXMLlinterfaceSensor {Class: PLCopenXMLUnterface) <€ .
= =0 Interfaces RolConveyerTransport.xml l
<0 PPRConnectorTransportAction {Class: PPRConnector} ¢
= E&rozesse {Class: Role: Resource}
= RollConveyerTransport {Class: Role: ProcessVanableChart}

E==]

= =0 Interfaces T
=0 PLCopenXMLinterfaceRollConveyerTransport {Gass:F’LCopenXlJIUnterface)(_ﬁ—> i B

. Tow

E2E]

~0 PPRConnectorRollConveyerTransport {Class: PPRConnector) i

= Produkte {Class: Role: Product)
= TransportService {Class: Role: Product}
= TransportPath (Class: Role: ProcessTrajectory)
=l =0 Interfaces 7

2 PPRConnectorTransportPath {Class: PPRConnector}

TransportPath.dae

74

* Luder, Arndt, Lorenz Hundt, and Andreas Keibel. "Description of manufacturing processes using AutomationML."
Emerging Technologies and Factory Automation (ETFA), 2010 IEEE Conference on. |EEE, 2010.
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Live demonstration of the further implementation details
in the example file

ALl s
4 E MatenalsHandlingTestSystemUnitClassLib

» [s] StraightLineConveyor {Class:}
+ [1£] ConveyorElement {Class: StraightLineConveyor Rol:

InstanceHierarchy

EaLJEdlr )
N AML-AG-Materiafluss-Beispiel A

= [I]] Objects {Class: Role:}

+ [If] ConnectionPoint1 {Class: StraightLineConveyar Rol
+ [If] ConnectionPoint2 {Class: StraightLineConveyor Rol
w [@] Turntable {Class:}
w [3] LinearGantry {Class:}
« [ CornerTransferUnit {Class:}
- LoadingStation {Class: StraightLineConveyor}

RoleClassLib

Bl ]/
+ @ AutomationMLBaseRoleClassLib
» [ MaterialsHandlingClassLib

w [RL] Turner {Class: Resource}

w [ff] Conveyor {Class: Resource} w [ DischargingStation {Class: StraightLineConveyor}

v Positioner {Class: Resource}

v ConveyorTechnology {Class: Resource}
« [fT] Storage { Class: ResourceStructure}
v ConnectionPoint {Class: ResourceStructure

InterfaceClassLib

EaE3l 4

+ [ AutomationMLInterfaceClassLib
« [ MaterialsHandlingInterfaceClassLib
«o0 MaterialFlowConnector {Class: Crder}
o MaterialFlowProductionProcessConnector {Class: Autol

« [ff] ConveyorAttachments {Class: Resource}
Sensor {Class: Resource}
v EndEffector {Class: Resource}
DriveTechnolagy {Class: Resource}
« [ff] LoadingEquipment {Class: Product}
+ [ MatenalsHandlingProcessClasslib

1 I
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Questions?
Thank you for your attention.
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