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miksi jJa miten?
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Digital twin definition

Digital twin Is a virtual entity that
IS linked to a real world entity

By doctoral candidates Juuso Autiosalo, Tuomas Tiainen & Jari Vepséalainen




DigiTwin project

Project focuses on the design view of
an industrial overhead crane.

Physical Twin

Project builds demonstrators to
prove the industrial value of digital

twin concept.
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Digital twin features
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“Data link” is being
developed.
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How to use DT In enterprise context?

ERP
PDM Enterprise Resource CMMS
Product Data Planning Computerized Maintenance
Managernent Management System
Digital twin
data link
CAE SCM
Computer Aided _— = Supply Chain
Engineering w Management
!
ICS CRM
Industrial Control Customer Relationship
System loT Management

equipment
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ENGINEERING ASSUMPTIONS CHALLENGED BY IOT DATA
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ANALYZED COMPONENT INFORMATION

Service view = e ENQINEEriNG View
* Maintenance tasks & * Comparison of design

inspections based on Twin il deslgned Ifetme calculations and realized use

analyses E Y I + Information about weak points of
» Lifetime estimations for J Qa‘@'*‘“ products

components & &

& P —> Optimized dimensioning &

9 “Digital Twin based & 4 selection of components
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STATISTICAL VIEW TO SIMILAR COMPONENTS

Maximal designed ||
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Date
Startup 1.5.2012 1.5.2022 25.3.2031

« Find similar parts in cranes on field
« Equalize data from different cranes

» Analyse statistically
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USE CASE Processed info Algorithms

analyzing and

Sensored raw data ~ from raw data reporting
bearing status
Rope forces ng S°
& estimation
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loT driven engineering

Assumptions from

standards, books, ...

Digital Twin in PLM

Automation design
Automation simulations

Kinematics simulations
Strength analyses

Data analyses

Engineering criteria 1

reality

Physical realization

3D Model v 1y
Drawings As designed
As built
Product structure As maintained )
Engineering criteria IConcIusions for better engineering Usage data,
sensor data

Service history data

4_2\30

Juuso Autiosalo
8.4.2019

10

A Aalto University

Slide credits: Matti Lehto & Valtteri Peltoranta, Konecranes



Crane bearing use case

Processed info '::]%cl’;g?nrgsan 5
Sensored raw data  from raw data reporting
bearing status
Rope forces & estimation
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Data flow description

Physical limatar crane

| Product development |
' 7.
& g ' New crane
| 6. Analyzed Twin information . Do
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How does DT help engineers?

53095482/1;1-CRANE

Revision: Latest Working Effectivity: Today Units: All Units (53095482/1;1-CRANE) Variant: No Variant Rule (53095482/1:1-CRANE) Owner: ed (ed) Date Modified: 19-Dec-2018 1030 Release Status: Type: Part Revision

SIEMENS

B O B B R 3D Overview Analytics Where Used Attachments History Relations Collaboration NX Properties Reports
8 Element Name % D $  Seq.. *  Quantity & B e 8 & © B & S0P &

BUILDING 53359291 1 10

iz

AN E TOWING ARM D 53357386 1 2
E TRAVELLING MACHINERY... [> /53007478 1 30 2
D CARRIAGE D 5301466 1 0
IDGE PANEL D 53205089 1 50
Ei FESTOON D 53242155 1 60
[®] Hoism. oovsieGroer. > 5241120 1 80
D CARRIAGE D 5301466 1 9%
B GIRDER; MAIN GIRDER x2 I> 53095523 1 100 2
[> 53527129 1 120
D LIMIT SWITCH [> 53526980 1 130
D LIMIT SWITCH |> 53527099 1 130
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How does DT help engineers?

@ 53241129/1;1-HOIST; DOUBLE GIRDER -
>

&)

Revision: Global (Latest Working)

0

B % B

Effectivity: Today

Units: All Units (53241120/1;1-HOIST; DOUBLE GIRDER)

3D Overview Analytics

Variant: No Variant Rule (53241129/1;1-HOIST; DOUBLE GIRDER)

Where Used Attachments History Relations Collaboration NX Properties Reports

Owner: ed (ed)
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Date Modified: 22-Oct-2018 1324 Release Status:
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How does DT help engineers?

(G] i 53357354/1;1-ROPE REEVING
I Revision: Global (Latest Working) Effectivity: Today Units: Al Units (53357354/1;1-ROPE REEVING) Variant: No Variant Rule (53357354/1;1-ROPE REEVING) Owner: ed{ed)  Date Modified: 19-Dec-2018 09334
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How does DT help engineers?

53357354/1;1-ROPE REEVING

52261859/4;1-SHAFT

Revision: Global (Latest Working) Effectivity: Today Units: Al Units (53357354/1;1-ROPE REEVING) Variant: No Variant Rule (53357354/1;1-ROPE REEVING) Owner: ed (ed) Date Modified: 19-Dec-2018 0934 Release Status: Type: Part Revision

g] O % B R 3D Overview Analytics Where Used Attachments History Relations Collaboration NX Properties Reports
Al ) ) i
Occurrence Name: https://aaltodev-appilmatar-aaltodev.eul mindsphere.io/data?bearing=A
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How does DT help engineers?

53357354/1;1-ROPE REEVING > 52261859/4:1-SHAFT O SIEMENS

I Revision: Global (Latest Working) Effectivity: Today Units: Al Units (53357354/1:1-ROPE REEVING) Variant: No Variant Rule (53357354/1;1-ROPE REEVING) Owner: ed {ed) Date Modified: 19-Dec-2018 0934 Release Status: Type: Part Revision
B H B v B 3D Overview Analytics Where Used Attachments History Relations Collaboration NX Properties Reports
=) Occurrence Name: https://aaltodev-appilmatar-aaltodev.eu.mindsphere.io/data?bearing=A
#| Revision Na... D Rev.. * Sequence * Quantity ~ {8} ©
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NB! Removing traces etc. form graph can cause y-axes to not be in same relation to each other as before.

Y-axis on the left side has number of cycles and Y-axis on the right side shows number of cycles in relation to maximum designed lifetime of bearing in
percents.

Graph plots beareing's total number of cycles made in reference to time axis.

Maximum designed lifetime line shows maximum number of cycles beareing can do.

Estimated lifetime shows estimation how long it will take for bearing to reach its' maxumum designed lifetime. It calculated using least square
regression. LSR Algorithm

Red dots on graph show dates that bearing was inspected.
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DIGITAL TWIN: COMBINING LIFE CYCLE STAGES
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Summary

Digital twin features depend on use case.

Crane engineering use case:

» Shift to loT driven engineering

select component
data flow
analysis
helping engineers
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Questions?
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more info:

digitwin.fi

Share your perspective on
digital twin at Slack?

digitwin.fi/join-slack

Propose a meeting?
Jari Juhanko
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Campus
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