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Built Environment

ABOUT JOTNE IT

The leader in product data exchange and sharing
Jotne EPM Technology data products have
successfully reduced development and product
lifecycle costs through the use of intelligent data
management in the areas of Defense, Aeronautics,

Oil & Gas, Built Environment and Aerospace.
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A®
INTERNETo

THINGS




Settingthe scene

Large Manufacturer loT developer:

42 S | NB SEGNSYSf e AY&SN\BélﬁSﬁ770/oofprofessiona|s (i
standards in order to capture and use metiata believe that

across tools to enable discoverability, connectivity, interoperability is the

and documentation. This is the type of largest challenge facing the
Implementation gap in our tools that is holding us industrial internet gotnexus)

back from fully realizing raise and collaboration
across our Enterprisé € 1 2

Al developer: 3 4 The challenges of the InformatioAge:
Big data is so often improperly formatted, lacking O Interoperability of information technology,

YSGFIRIFGEZT 2N aRANIL@>X¢é YSI| yAY:addressed by data exchange & sharing solutions
Incorrect, or inconsistent, that data scientists

typically spend 80 percent of their time on 0 Obsolescence of information technology,
cleaning and preparing data to make it usable, addressed by data archiving solutions

leaving them with just 20 percent of their time to

focus on actually using data for analysis. 0 Freedom from vendor lockn, addressed by open

(datainnovation.org) data solutions



The ISO 10303 Standard _ Jotne._

Historyof STEP

1994: CAD : 2014: CAE
AP242/209

IGES Parasolids
STEP 58%  3ppDF  36%

o,
SE% MoST FREQUENTLY USED

O ® O O;ZT% 3D NON-NATIVE FORMATS

http:// www.jotne.com
Copyright Jotne EPM Technology AS



Contentof ISO 1030242/209

AP209ed2

_ FEA
T S 8 :

——————_ | Product Structure |
| Classification I

Change Management

Construction History:'

GD&T Presentation’

| Drawings §
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Using AP209 for Simulation and structural test data Some related SW
N s ..‘

Design CAD 75 creo
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Analysis FEM

28 simuLia e
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Manufacturing

Sensor data




A Part of PhD study:

A Investigate the use of AP209 to handle
{ GNHzOGdzN> € GS&ad REGI
Simulation data.

A Paper inAdvances in Engineering Software
https://www.sciencedirect.com/science/ar
ticle/pii/S0965997818301947

Advances in Engineering Software 127 (2019) 96-105

Contents lists available at ScienceDirect

ssssssss

Advances in Engineering Software Yt
F[F\[R journal homepage: www.elsevier.com/locate/advengsoft - -
Research paper
Relating structural test and FEA data with STEP AP209 m
Gnsck e
R. Lanza**", J. Haenisch”, K. Bengtsson”, T. Relvig” M

* Jome EPM Technology AS, Grenseveien 107, Oslo 0663, Norway
" Norwegian University of Science and Technalogy, Richard Birkelandsvei 2B, Trondheim, Norway

ARTICLE INFO ABSTRACT

Keywords: This paper proposes a method for incorporating FEA data and structural test data into one common standardized
STEP ISO 10303 data model based on the ISO 10303 STEP Standard [17]. The proposed method takes age of data structures
FEM Analysis . and elements defined in STEP AP209 Edition 2 [2] to provide traceability between analysis and testing phases;
S\:rucmralh testing information such as sensor and finite elements, test and FEA load cases, and test and FEA results are included. It
m exchange also presents an introduction to STEP and AP209e2, and discusses how it can be used in a Simulation Data
Simulation data management

Management environment.

PhD and project with Lockheed Martin (Crystal Project):

Winglet prototype design by Lockheed Martin

by R Aﬁgiﬁalyﬁfg(t&”k)zya i 2

Mounted sensors and set in test rig

FEA load cases tested physically

Design (CAD) A AP209

Simulation data A AP209

Structural Test datd AP209

All data managed in AP209\wi2 (I $3VXd@ol EDMopenSimDM
All traceability kept



https://www.sciencedirect.com/science/article/pii/S0965997818301947
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Eclipse Arrowhead

An integration platform for
System of Systems solutions

Thisproject has received funding from ECSEL Joint Undertaking (JU) under grant agreement No 826452. i N 3 )
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and Norway and Switzerland.

ARROWHEAD
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Value is shifting across the CPS value chain K, e Pkt Fat
Today value is concentrated at 75% upstream
By 2025, 2/39 of the value will be captured downstream

advancy
Not included in market figures g
£XXXB Global 2016 value R ,‘I v
FULLY INTEGRATED SYSTEMS SYSTEMS OF SYSTEMS / SOLUTION
@ Global 2025 value ]
e STANDALONE TRANSPORT & SMART MOBILITY
EMBEDDED, ENMESHED

& EQUPMENT& ELECTRONIC PACKAGES ELECTRONICS SYSTEMES HEALTH & WELLBEING @
T00LS COMPONENTS 5
EU share | m ENERGY =]
= [ QP €4108 (15% =
— 14858 DIGITAL INDUSTRY =
€800B : g
Lol €3.2008 DIGITAL LIFE =

N SOFTWARE CONTENT: < 10% y SW CONTENT: > 30%

v , v

MOVE FROM PRODUCTS TO SOLUTIONS »
EU share

13% EUsshare | £3,900B to
ciobatannual N €1.685B P <3,200B 33.”“,-—" '
N €11,100B
Key succes Coservative
e SET-UP EFFICIENT SUPPLY CHAINS & REACH CRITICAL MASS WITH VOLUMES st BUILD SELF-AMPLIFYING NETWORKS &AGILE ECOSYSTEMS
laT only
SAFEGUARD EU SOVEREIGNTY THROUGH TECHNOLOGAL CAPABILITIES g;ﬁﬁﬁ“ﬁ}?ﬁﬁg‘ OOFAL MAKKETLENTERS, EXSORINGEl

Note: rounded figures. (1): 2025 estimate value potential for the Internet of Things, not the full potential for ECS end-applications.

Source: Decision, IDC, MGI, Advancy research & analysis
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Eclipse Arrowhead addresses critical
iIndustrial requirements

Interoperabllity

Real time data

Scalability

Security

M2M business transaction
Solution engineering efficiency
Model based engineering

Open source software !

ARROWHEAD




A comparison of IoBoS Architectures & Platforms

Features Arrowhead AUTOSAR BaSyx FIWARE loTivity LWM2ZM OCF
Runtime Variability of
SOA, Local Automation " ,J ! b ,V Context Device-to-device M2M, Constrained Resource Oriented
Key principles Electronic Control production . e
Clouds . awareness communication networks REST, Certification
Unit (ECU) Processes
Real-ti Y Y N N ves N N
eai-time &8 &8 o ° (loTivityConstrained) | o o
Dynamic orchestration . Monitoring,
. Runtime : ) N
and authorization, i Runtime dynamic service
Run-time - . Environment - - No No No
monitoring, and environment selection and
i i layer (RTE) .
dynamic automation verification
Distribution Distributed Centralize Centralize Centralize Centralize Centralize Centralize
Open Source Yes No Yes Yes Yes Yes No
Resource High Low Very low High Medium Medium Low
accessibility 8 Y &
FIWARE Open Connectivity Open Connectivity
Supporters Arrowhead AUTOSAR Basys 4.0 . . OMA SpecWorks .
Foundation Foundation Foundation
Req/Repl, Req/Repl,
Message patterns Req/Repl, Pub/sub Puby/sub Reqg/Repl, Pub/sub Req/Repl, Pub/sub Reg/Repl Req/Repl
Lo Lo TCP, UDP, DTLS/TLS TCP, UDP, TLS TCP Aol TCP, UDP, DTLS/TLS LS A USRS UAIS 1
protocols ! ! ! ' DTLS/TLS ! ' DTLS/TLS, SMS BLE
Communication §  HTTP, CoAP, MQTT, HTTP HTTP, HTTP, RTPS HTTP, CoAP CoAP HTTP, CoAP
protocols OPC-UA OPC-UA : ! !
3" party and
Legacy systems Yes Yes Yes Yes No No No
adaptability
- Crypto Servi
Authentication, ALl ,
. . y Manager, Secure |dEI'I'IIt'|r Manager Secure Resource Secure Resource
Security Manager Authorization and - OSCORE
. Onboard Enabler Manager Manager
Accounting Core System L.
Communication
U f existi AUTOSAR U t existi u f existi
Standardization 3¢ Of existng seof existing FIWARE NGSI OCF standards se of existing OCF standards
standards standards standards standards

C. Paniagua and J. Delsing, "Industrial Frameworks for Internet of Things:
www.arrowhead.eu A Survey,"in IEEE Systems Journal, doi: 10.1109/JSYST.2020.2993323.

ARROWHEAD
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Resources

Web
www.arrowhead.eu/arrowheadframework

Github
www.github.com/arrowheae

Book |oT Automation

J-L

Jerker Delsing ARROWHEAD

R




Arrowhead
» TOOLS «

The Norwegian Experiment
Arrowhead + ISO 10303 = True

Solving CAD/PLM/BIM interoperability in AHT
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The Bike Experiment

How to connect ISO 10303 (STEP) to the
Arrowhead |oT Framework?

A Jotne, now part of the Arrowhead Tools project,
is new to all the capabilities available in the
Arrowhead Framework software applications.

A We needed to have a flying start in to the
understanding allowing us to have the best
possible support for the Norwegian use case.

A Everything should be made as simple as
possible, but not simpler.

A All data should be accessible from a ISO
10303 repository

ARROWHEAD
TOOLS



’ \ EXPRESS Data Manager
TruePLM ™

The Challenge

Sensor data in the cIoudII‘ A ||~

ARROWHEAD
TOOLS

Sensor data in th6sO 10303
cloud PLM repository

gy

C & tuep
Ayt e
Lerserben

H

Marenys

Representation of the aggregate property
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Bekk ) 5 - e -

~ [B8] D00 /ASD/AIA Bike

vt ine A
=

W bee et .
giterzad

iotndies e e » [EB] DAO/ Wheels
& e
Ed’l:h:*”r,é:'i Rave i ertiye » E DA1 ! Brake System
';qa Edebeshrs01en =
3 A » El DAZ2 | Steering System l‘
“ "I‘ oty Simensledtan
s Y
-,.\. .‘% v IZ] DA3 ! Frame System
%

[B8 DA3-10/Main Frame
~ [EB DA3-20/Saddie &
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Expected integrations

GATEWAY (Mobile) and CLOUD

INTEGRATION WORK f‘\%hﬂ
ik

SENSOR DATA [ el toren

Representation of the aggregate property

N

ARROWHEAD
TOOLS




TELLUCLOUD

GATEWAY

SENSORS

AH FRAMEWORK
HEST SERVIES PLM STANDARD

HNODLNO TVNIH

*

- D00/ ASDIAIA Bike
reac: (KD

b B8] DAD/ Wheels

» DA1/ Brake System
» DAZ / Steering System

AR ROW H EAD Create: - - DAZ / Frame System
TOO LS Update: m n DA3-10 | Main Frame

- DA3-20 / Saddle
Delete: [pJil3y3 &= o i

ARROWHEAD
TOOLS



Complete SO produckepository

3D CAD/CAE Models

AMaintenance tasks and task break down

Drawings

v B DA0-10 / Front wheel Bicycles with suspensions are positioned differently be-
tween when a rider is off the bicycle and on the bicycle,
v @ Maintenance tasks By referring to the illustration, perform installation and
SIS adjustment while seated on the bicycle.

» g T00001 (Troubleshooting)

» [ T00002 (Replace valve)

» [@ 700003 (Replace tube)

» [ T00004 (Replace tire)
» [ 700005 (Replace wheel

» [ T00006 (Adjust spoke)

Buar 21,9 km 1:04:05 (20.50 kmvt)
Prestebakke 43,6 km 2:15:30 (19.31 km/t)
Kula 58,6 km 3:03:00 (19.21 km/t)
: i H H H H Erte 70,3 km 3:36:32 (19.48 kmit)
Checkvisually the condition of the tire to identify any damage on it. B A
= AT Ve
2 EXPRESS Data Manager 0K

TruePLM ™ ARROWHEAD

TOOLS



|ISO standards used for PLM and ontologies

AISO 1030239 AIS0120063
AProduct data representation  APart3: Framework for object
and exchanga Part 2309: oriented information

Application protocol: Product
life cycle support

i E] o0 F ASD/AIA Bike Data eXChange
» [E8] DAO / Wheels
» [ DA1/ Brake System AISO1030242 - Managed model
» [E8] DA2/ Steering System mp i based angineering
= ar ta st I§£ AFa CAD (P21) and PLM (BOXML)

+ [B8] DA3-20/ Saddle

() Gt Ha Frans also asSysMLlrepresentations !

ARROWHEAD
B8] Tellu-sensor TOOLS



Jotne Service
Provider

E DA3-10 / Main Frame

+ [B DA3-20/ Saddie

LR 4 \j

Data Storage

PLM using Arrowhead 4.1.3

; Update:

AL A

Data Collecting

C elluﬂlogjﬁ

Uotne) GateKeeper - +—  GateKeeper (HIOF)
PN st (D LI
_{
Gateway —F read [ e | Gateway ~ —CO<— ) TellU Connector ﬁ:_",l,,ﬁ\
Create: m - ":I:_
| Pt A
 oeLeTe |

Delete: [pJal3y3

<4 Arrowhead inter-cloud protocol
<) Platform dependent protocol

<P trueplm-add-sensor-data-service
<P trueplm-get-sensor-data-service

40 km/h |

30kmsn ||| "

20kmy/h | ||

10km/h ||}

0 km/h
10:30 10:40

== gps_position.mean

. EXPRESS Data Manager
TruePLM ™

Satelites Used

| Gateway | Gateway
iy SENSOTS @y sensors




SYSML model for data exchange
SO 1030242, implemented to the repository and alst
demonstrated for the Fischer Factory

package ProductDetaManagement| ?‘ ProdectDataManapement Hm)y Intulepostons Fische Techad - P4 - Percon: ah (Admin)
Pl D Refreh | | Fnd
PartRela |
thonship Lo Part l‘a:ﬂypcs_ wAuxiliary» FrsherTehnik_assembly_hne_prodv..
> 10.* 1.* > -
IWRI) o 1 PartClassSelect =1 L Designs
34 : MentifierSelect [1] o :“"“""“""'"'*::;:‘
. Red Name | DescrptorSetect [1) . % : A-Mm:ml:
14 : VeessfierSelect [0.1] B o Descripticn. : DoscriptorSeloct {0..1 .- Z
<k cect JeTo - 1 | SammeAs : Proay 0] ParClassSelect_BDD S
onption © DescripsorSelect [0.1] - 3 Y 1% =) [ Axe_gear_belt_s6306 sty
' ' o
: y ) T Axe_d3467_stpx
ClastifiodAs - Clasxification [0.*) VersionOf| | 2} T Goar belt_s3666_stpx
RelsticeType : ClasaSelect [1] {readOnly) 2 i Dewiges
L Gear belt_id3606
? ) 5 Gear coaveyer belt 3.
AlternatePartRelationship S G BB SER Mo
=l o Stop s1S11_stpx
(UR1) ProductDesignAssociation <) T Bk d96a_stpx
: =1 T Beck_smal simple__W297..
% ) T Bk _semall__ w2843 sty
X z > . \ O *1 T Bk _specel__ M2y
Critoria : MoltlLingualStringSalect [0.1] ProdectSpecification And <) T Casing ‘,.,*.g",_:l.;:."
Versions | 1..° Configerstion BDD %) [ ComveyorBelt w414 _stpn i
. R S - 4,22 - Engine belt_sd6198_stpx
PartVersionRelatfonshi PartVersion 1 9 Gunde
- —— Relased | — ComrespondingProduceConfiguraticns | 0..* e ,;*::‘o'"_;
' 0. 1 A . readOnly “ : u;s,;n_-z_n
[WRI) Relating |84 : ldentisberSetect (1] AssociatedDesign J ( ' 375 Sepport, MBI, styx
foe 1 Description : DoscriptorSalect (0.1 1 <) e AssembiyConveyortioR Wd73E_
SamcAs : Proxy [0.%) <1 e AssemblyOrll 1696 _stpx
I ; MdcemficrScloct [0..1) 3 [ Assembiydaliaghtachine W71
Descnption = DescripeceSelect [0..1) . *) e AssemblyPiton w4478 stpx
{ ViewOf| ! +1 T AssembiyPuton 17050 sty
) an AssembiyPostuonSenser_ ...
ClamiSiodAs : Classificatica [0.%] {readOnly} 4 T AssemblyPostumSensoe_Ma..
RelaticaType : ClassSelact (1) ) e AssembiyPostonSensert ol
v oo i ) +) T Casing 30 119 st
zoeie] bea Appiication_peotocols::AP242;:Domain_model::Representati
PartViewRelationship PartView Defh onAsdExsernalElementReferonce::
: 4 finingGoometry
Related ,__ns( ,,,,, GeometricModel
WRI | — S 0.* 0.1
{ ) o 1 {WR1) 5
2 AN A= y ; R HDD
14 ; VdersfierScloct [0.1] a W < McmtiSierSclect [0.1] AuxilisryGeooset GeometricRepeescetation
Desenptica : DescripaoeSelect [0..1] RCJX‘:QA Description : DesceiptorSeioct [0.]
| 10.* 1 SameAs : Proxy [0.%] 0.1 0.*
ClassifiedAs : Classification [0.*) .
3 " ' - - AdditionalView
Relatioe 1 ClamSeloct (1 Season 10..9)
ioeType amSeloct (1) ClacdifiadAs : Classificason [0.%) : Vi ARROWH EAD

TOOLS



prt & X

ik OPCUA_v2.

=] AssemblyFicherTechni




o1 AssemblyFicherTechnik OPCUA _v2.prt @ X

14 push-button Slider 2 rear

12 Push-button slider 1 rear

I5 Phototransistor Slider 1
13 push-button Slider 2 front

7 Phototransistor Loading

station 19 Phototransistor conveyor belt

—- —Swap




ISO 10303 repository ftime Factory




= s Bkdn_elem.id_owner_ecl_id
[~ Element ID

tore ning_ldontlﬂutlon
4_‘;1.:;"'.::;.‘:"“ (ud class name, id_ecl_id, org_id.

o= e | IR JB_class_name="owner_of,

DONORE Qe wnssnnnnn Prodect ) (rnshions_slemen: B
— el m *biccin, sl id ed i id= urn;plcs:rdl: std‘)

Bidin_slem wn_et sl it

ot o Bicin_uam 11 &1 cwnw_ s rocr Breakdown_element

: . == Bkdn_elem.vn_id
e T P I . gy B [y e O Bkdn elem.vn id class name

version b g _cinem_rames
wn-d od d-\nn#u-‘nﬂ

B8 DAs / Externgl Navigation

Name

B DAs-30 /Map

[ DA6-20 | External Powel | limestamp
speed

speed_err
8 cateway L vrack

B DAs-10// GPS Unit

Gateway and GPS track_err
gpstime_aiff

latitude

longitude

longitude_err

ARROWHEAD
TOOLS



Biaeen s v Bkdn_elem.id_owner_ecl_id
P e Element ID
“mobtu_mvdd
e [iee items lﬁniug_ldcntlﬂcatlon
m | |-y = (id, id\ class_name, id_ecl_id, org_id.
. e | Lamnoem J‘_dass_nam’mmer_of.
‘ e | _id_ed_id="urn:plcs:rdl:std’)
"bkdn_elem
Breakdown_element
Bkdn_elem.vn_id
) Bkdn elem.vn id class name
[ Doo/ASD/AIABik
Name
B8 DA2/ Steering [System
timestamp
B8 DA3/Frame System
ax
B8 DA3-10/Main Frame
ay
Sensor node @ 13483027 < .
battery
humidity
pressure
rssi
temperature ARROWHEAD

TOOLS




First we needed create the sensor

atadel (1)

Product

string
String

[object (sensor)]

Sensor id
id string name
SensorData Object (SensorData) Sensors
SensorType Object (SensorType)
SensorComponents [Object (Sensor)] SensorType
id string
> type string
manufacturer string
SensorData
g timestamp Long
SensorMeasurement [object (measurement])]
SensorMeasurement
felllsensar —?“"”ﬁ""“" N Measurement String
Serearit Uiz * SaewrlD St
: 1 1\ : unit string
Tellseneortera 1 ! : value <value>
Timestomp: lore PsAttudeDat GPSpasitionData GPsStatusbota

-SensorlD: Ulnt32

-Humidity: Uintg
Temperture: Int32
-Presure: Int32

Timestamp: Long
-Atitude: Double

Timestamp: Lang
-GPSTime: Long

Timestamp: long
~Satellitesls=d: Ulms
~SatellitesVisible: Uints
-Status: Unte

-Atitudz_em: Double -Latitude : Double

~Aox: Int16 -VSpaad: Doubie -Latituds_arr: Dauble

-Ry: Int16 -VSpeed_err: Double -Longitude: Doubla

-AT I 16 -longitude_em: Double

-Battery: UIntl6 ~Speed: Double

-RSS: Int ~speed_err: Double
~Track: Doubls

Track_err: Double

ARROWHEAD
TOOLS



What we did2) ¢ AHT Producer, Consumer

* Configured and run the following AHT
components:

—Service registry -
—Authentication -

—Orchestration | Orchestration
—Gatekeeper GateKeeper
—Message broker(ActiveMQ)

N

~ 1 4 ARROWHEAD
TOOLS



What we did3)

ACreated the services to connect sensor data to the 1ISO 10303 repository.
A https://trueplm.j-spb.com/EDMtruePLM/swagger.html

true-plm-provider-control|er True PLM Provider Controller

GET /sensor/{proj} getSensorsinfoService
GET /sensor/{proj}/{sn} getSensorinfoService
GET fsensor/{proj}/{sn}/{prop} getSensorDataService

POST fsensor/{proj}/{sn}/{prop} addSensorDataService



https://trueplm.j-spb.com/EDMtruePLM/swagger.html

Spin-off / New |oT / DT course at NTNU

The planned course curriculum is:

Install and connect physical sensors (to digital model)
Apply sensor filtering (how to get rid of noise and drifting)
Develop inverse methods for load estimation (input to DT)
Model and setup a digital FE model for a DT (FMU)

How to establish a DT framework based on FMUs

Develop streaming analytics (from data to decisions)




Spin-off / New |oT / DT course at NTNU

A Digital Twin will be used in structural monitoring:

This Hardrocx M4 Touring will be our digital twin application used to monitor:

Structural loads during off-road cycling (inverse method)
Critical failure modes before accidents (predictive)
Strains and stresses (strain gages)

Temperature and air quality

Position (GPS)

Orientation (IMU sensor)

Effect (wattmeter in crank).

Hardrocx Super M4 Touring



Digital Twin Based Crane Monitoring




Palfinger Crane Monitoring .
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Digital Twin FEA technology

Our Digital Twin models are simulated real time in FEDEM:




Digital Twin FEA technology

Our Digital Twin models are simulated real time in FEDEM:

ACAE
A 3D modelling / idealization
A Joint / spring / damper / sensor modelling
A Substructuring ( 25 super elements)
A Meshing

ADynamic simulation (nonlinear FEA)
A Forces, Positions, Velocities and Accelerations

AStructural Analysis
A Stresses / strains
AVibration frequencies
A Damage / durabillity

AControl / hydraulics
API/PD/PID Controllers
A Closed loop dynamics




Palfinger DT Validation *

Measured eigenfrequency at maximum extension (L=18m):




