OPC UA Industrial Joining
Technologies (JT)

Mohit Agarwal

Principal Engineer
Atlas Copco Industrial Technique, Sweden

Editor
VDMA Industrial Joining Technologies Group

Phone  +46 (0) 766 96 19 90
E-Mail  mohit.agarwal@atlascopco.com

21-November-2024

Atlas Copco
roup



mailto:mohit.agarwal@atlascopco.com

* Introduction
« Smart Integrated Assembly
« Atlas Copco Communication

* Industrial Joining Technologies (1JT)
* Overview
« Use Cases
» Technical Models
« Demonstration

* Summary

Atlas Copco




Introduction — Atlas Copco

Atlas Copco



Smart Integrated Assembly — meeting the needs of modern assembly!

Key enablers
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Communication for Atlas Copco Tools today

Atlas Copco Open Protocol

a de facto standard
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* Not a governed process — each vendor responsible for
implementation.

* No cybersecurity measures.

» Specific to tightening.

Protocol Adapters

Unique to each customer
" Project developments according to specifications.
= Parallel solutions to similar issues.

= Costly to maintain.

Atlas Copco
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OPC UA is mutually beneficial

CUSTOMERS

7 Smart Integrated Assembly
11/21/202407:35

Uniform integration
across vendors

Reuse knowledge
from other domains

Meets cybersecurity
needs

One Standard
Protocol

Not only tightening

Built-in cybersecurity

Proactive improvements

Uniform communication
over domains

Meets cybersecurity
demands
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VDMA Industrial Joining Technologies (I1JT)




IJT Specification(s) Overview
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 OPC 40450-1 for Joining Systems version 1.0 | V/DMA
« Common elements of various joining
technologies. Integrated
« http://opcfoundation.org/UA/IJT/Base/ A;;ecmlﬂ\vlzg'i::szs
 Opc.Ua.ljt.Base.NodeSet2.xml
s -

Industrial Joining
Technologies (UT)

« OPC 40451-1 for Tightening Systems version

OPC 40450-1 Base
2.0

« Version 1.0 was published in October | | |
2021 Press together Join by Welding,

e Moved common models to the base & press in Forming Soldering
SpeCification. Tightening

Clinchi
* http://opcfoundation.org/UA/IJT/Tightening/ KShiaSu) inching

+ Opc.Ualljt.Tightening.NodeSet2.xml sl

Fastening

Riveting

Join by press
fit



http://opcfoundation.org/UA/IJT/Base/
http://opcfoundation.org/UA/IJT/Tightening/

History and Milestones //VDMA
S

Release 1 Release 2 stvlg;ind Co\r]r;rir;l?gds, Release 2 Publish Release 3
published Start ; o RC Release 2 Kick-off
Extension Harmonization
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May  Till June 2020  Oct2021 |NOvV  TillJune  June — Dec Q32023 2024...
2019 2021 9022 2022

Start Release 1

Published RC

Release 2

Release 1 Prototypes
yP Prototypes




IJT Working Group Members
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|IJT Use Cases




Use Cases Overview
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Technical Overview of Models




Joining System Overview

« Standard entry point for a joining system.
« Common interface for any joining system.
« Top-level structure with building blocks for the
use cases discussed such as:
 Asset Management
« Result Management
« Joining Process Management

« Joint Management

0:BaseObjectType

I

K/ VDMA
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O:FolderType
Assets

-

JoiningSystemAssetMethodSetType

2:MethodSet
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Asset Management




Asset Management Overview

» Definition of assets building blocks. //V/DMA

» Diverse systems — Flexible asset management model to build different systems.
» Fixtured, Handheld, Pneumatic, Multi-Channel, Single Channel

» Reuse of Machinery Building Blocks and Asset Management Basics.

» Future Extensibility with the usage of Interfaces and Add-Ins instead of concrete types.

Joining System

Accessory Mempry Cable Fower
Device Supply

Controller

Sub- Virtual
Component Station




Common Asset Data

2:FunctionalGroupType
Calibration

2:FunctionalGroupType
Service

// VDMA
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Result Management




Result Overview
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Structure Example VBMA

Harmonized Machinery Result Transfer

CreationTime

Classification

SequenceNumber

It can be Joining Result, Set of
Sub-Results, Vision Result,
Quality Result, etc.




Result Classification — Multiple Use Cases
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VDMA
Result RESULT MODEL S

« Common Joining Meta Data

Result Content _'_

« Single Result

beaaaaaa > Result (Job)
Batch Result :

EETELEE »  Result (Batch)

« Job Result leeoennn > Result (Sync)

« Sync (Multi-spindle) Result leemonan P Result (Single)

- Stitching Result R >




Single Joining Result Content

« Joining Result
* Global values
» Step Results
* Errors

e Traces
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Event Management

Event and Condition with standard payload from a joining system.

BaseEventType AcknowledgeableConditionType

PotentialRootCauses]]
 Event ( T )

« Simple transient information sent from the —[> IRootCauselndicationType

underlying system.

—|{ JoiningTechnology )
. —|-( EventText )
perspective. ——+{  EventCode )

» Fire and forget from the sender's

« Condition

« Have a State associated.

« Can be acknowledged by the client. L+ (" Physicalouantty ) —+H Name )
_|{ Name ) —|-( Description )
—I{ CurrentValue ) —I{ Entityld )
—I{ PreviousValue ) —I{ EntityOriginld )
—I{ LowLimit ) —I{ IsExternal )
—H Hightimit —+ EntiyType )
—I{ EngineeringUnits )




Condition Classes

Condition Classes

* Reuse from base specifications.

Condition Sub Classes

« Defined in the IJT Working Group.

Example 1: Tool Disconnected

« ConditionClass = SystemConditionClass

e ConditionSubClass =

AssetDisconnectedConditionClass

Example 2: The tool is out of range from the station.
« ConditionClass = SystemConditionClass
« ConditionSubClass = LocationOutOfZone

Example 3: Software Expired
« ConditionClass = SystemConditionClass
* ConditionSubClass[0] = SoftwareConditionClass
« ConditionSubClass[1] = ExpiredConditionClass

OPC UA Base

BaseConditionClass

AssetConnectedConditionClass

ProcessConditionClass

AssetDisconnectedConditionClass

MaintenanceConditionClass

AssetEnabledConditionClass

SystemConditionClass

AssetDisabledConditionClass

SafetyConditionClass

ThresholdViclationConditionClass

HighlyManagedAlarmConditionClass

ThresholdViolationResolvedConditionClass

TrainingConditionClass

JoiningSystemUserLoggedinConditionClass

StatisticalConditionClass

JoiningSystemUserLoggedOutConditionClass

TestingConditionClass

LocationinRangeConditionClass

Asset Management Basics

LocationOutOfRangeConditionClass

ConnectionFailureConditionClass

AssetLocationConditionClass

OverTemperatureConditionClass

DataValidationFailureConditionClass

CalibrationDueConditionClass

InputValidationFailureCanditanClass

SelfTestFailureConditionClass

ConfigurationChangeConditionClass

FlashUpdatelnProgressConditionClass

ErrorConditionClass

FlashUpdatedFailedConditionClass

SoftwareConditionClass

BadConfigurationConditionClass

HardwareCenditionClass

OutOfResourcesConditionClass

CertificateConditionClass

OutOfMemoryConditionClass

LicenseConditionClass

InspectionConditionClass

MissingEntityConditionClass

ExternalCheckConditionClass

ExpiredEntityConditionClass

ServicingConditionClass

InvalidEntityConditionClass

ImprovementConditionClass

IncompatibleEntityConditionClass

RepairConditionClass

AcceptedEntityConditionClass

RejectedEntityConditionClass

AddedEntityConditionClass

UpdatedEntityConditionClass

RemovedEntityConditionClass

ReceivedEntityConditionClass
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Joining Process
« Generic container for any type of Joining Process.
« Examples: Joining Program, Joining Batch, Joining Job, etc.
« A concrete definition of the process is vendor-specific.

« The specification defines the interface to access the required processes.

- RESULT MODEL JOINING PROCESS MODEL

........ P Result (Single) --------) Joining Program

Result (Batch) E ------- » Joining Batch

Result (Sync) Joining Sync

E ------- Result (Job) E ------- > Joining Job
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Joint Management




Joint Management

 Use Case: The user could send information on what type of joint needs to be done instead of
how the joining operation should be executed.

« Definition of Bolt, Rivet is vendor-specific.

References

List of Design Values
(Key-Value Pairs)

References
4
: ) Bolt, Rivet, Nut,
JointComponent f---- Contains---p Gasket, etc.
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Joining System Method List
(Commands)




Joining System Method List

Note: Result Management Methods are reused from Machinery - Result Transfer.

SetCalibration

GetlLatestResult

SendJoiningProcess

SendJoint

EnableAsset

GetResultByld

GetJoiningProcess

SendJointDesign

DisconnectAsset

GetResultldListFiltered

GetJoiningProcessList

SendJointComponent

RebootAsset

ReleaseResultHandle

GetJoiningProcessRevisionList

GetJointList

SendFeedback

SetJoiningProcessMapping

GetJointRevisionList

GetFeedbackFileList

SelectJoiningProcess

GetlJointDesignList

SetOfflineTimer

DeselectJoiningProcess

GetJointComponentList

SetTime

IncrementJoiningProcessCounter

GetJoint

SendlOSignals

Decrement)oiningProcessCounter

GetJointDesign

GetlOSignals

SetJoiningProcessCounter

GetJointComponent

Sendldentifiers

SetJoiningProcessSize

Selectloint

SendTextldentifiers

ResetJoiningProcess

Deleteloint

Getldentifiers

AbortJoiningProcess

DeletelointDesign

Resetldentifiers

StartJoiningProcess

DeleteJointComponent

ExecuteOperation

StartSelectedJoining

GetErrorinformation

DeleteloiningProcess
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IJT Profiles Overview




|IJT Certification Overview

 OPC UA Specifications define a set of rules that are needed for a product to be certified.
» Itis done using the definition of Conformance Units, Facets and Profiles.

« The following image provides an overview of profiles defined in IJT specifications.

CU/Facet Facet/Profile

Joining Result Server Facet

Trace Server Facet

Identifiers Methods Server Facet
Event Management Server Facet

General Joining System Facet
Joining Process Base Server Facet s

Result Content

Result Internal Identifiers
Result External Identifiers

Method Input Argument

Independent Selectable Features
RESULTS
Batch Result Server Facet

Sync Result Server Facet

Job Result

Partial Consolidated Result

Self Contained Consolidated Result

Consolidated Result with references
Result Value FINAL Tag

ASSET METHODS

Asset Connection Server Facet

Enable Tool Server Facet
JOINTS
Joint Server Facet

Joint Design Server Facet

Joint Component Server Facet
JOINING PROCESS
General Process Operations Server Facet

Sequential Process Operations Server Facet

Start Joining Process
MISC.

Engineering Units




References

Overview of OPC Foundation and OPC UA

K/ VDMA
Vi

 https://opcfoundation.org/about/opc-technologies/opc-ua/

e OPC UA and IJT Overview

e https://opcfoundation.org/markets-collaboration/IJT/

« OPC UA IJT Group Presentation:
« Referto the OPC UA IJT Group Presentation.pdf/pptx.
o https://github.com/umati/UA-for-Industrial-Joining-Technologies/tree/main/IJT Documents

« Specifications/Online Reference
« Joining: https://reference.opcfoundation.org/IJT/Base/v100/docs/

« Tightening: https://reference.opcfoundation.org/IJT/Tightening/v200/docs/

« OPC UA IJT Prototypes/Reference Implementations

o https://github.com/umati/UA-for-Industrial-Joining-Technologies



https://opcfoundation.org/about/opc-technologies/opc-ua/
https://opcfoundation.org/markets-collaboration/IJT/
https://github.com/umati/UA-for-Industrial-Joining-Technologies/tree/main/IJT_Documents
https://reference.opcfoundation.org/IJT/Base/v100/docs/
https://reference.opcfoundation.org/IJT/Tightening/v200/docs/
https://github.com/umati/UA-for-Industrial-Joining-Technologies
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Demonstration



Summary

Atlas Copco Smart Integrated Assembly Overview

Role of OPC UA and Standards in the ecosystem

Industrial Joining Technologies (IJT) Overview

1JT Working Group Status

® Demonstration

Atlas Copco
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