FREBHRERITYTZLEZA LRSTEEBY AT LDOREKE Phase 1

E2ID: 2019526670
EEBETRUASH

1. B¥0HMN. BIE

EEFAN - DREEZRFEORE Y AT LOEEHY X7 PERFIX FOER - EEICAIT T, MEETIL LA
TAE@ME L CRFEEBEEZTEEN L. RELAREFHFLZIREARET VALY AY (VAT L) ZERTDH
RL—RZ—AHEET D,

ZZ2 7T, AFEE (Phasel) Tl TYZALYAYTIL—LT—0 (7—0 70—, 7—FT7Fv) OERFH
o VRTFL/E vy aR—RFoEE TYRALYAVICBALWARET —XDIZENLEEERL T,

2. EETIRIONIARR
BEDREY 2T LBEOERHAEHEL, RBY AT LOTTRLHEEENS VRBT = — v £ THRE

LT, TSR ISR, REIREET,

D BREBFz—roBRETF—XICEHTIEETFTL— FORR
BHORKNBEEL R— b, T4 - HXAOBORBHEOFHE (L -2, BGEFz— VRV EH) %
WRELTZT =03y TOT74—KNy I 2BEFXITRET—2OT>7L—F (K1) #BELI,

e - W DA Twm..  D2A
: . “Hegp3s =1 pp28
s D3A D2A
Other

I ot other Marine
MEPECION | 4 ocument | Growth

T [[3]
opUskiol oin | s [P ox | oes | oan | oss [ W | monvigs | msetng | 2P litonfag. | conmio
no. Link ID NO. Depth Scan/
o m photograp | n on the
o hs) Link
attary)

M1 FREFz—vORET—4T77L—F (—HBRR)



FORNIA YT —o70—/F—FTF7F v DIEE

SEBEL-RETRLVA 0T —7 70— (K2) 1F. OR—X 54 VIFHROUNE (555t

B) . OBEEME. OFREBAN

DN

BB

A, @ISHIHE. ORFHIEG. EREETM. OFLMEREET LTI X -4

B, OFEREE Y X7 0L, @RFEHEFERDHDEBERE, D8 ODFIREZED,

Design and manufacturingdata

l—-—>| Design and manufacturing data collection |

Corrosion prediction model |

i

| Installation data collection (baseline inspection) |

i

Shapes and dimension
Heat treatment
Strength

NDE

Corrosion rate tendency from the experience
v" Along with catenary line (location)
v" Corrosion severity in the site

Proof test etc. | Corrosion evaluation (data-driven model)

Mooring system analysis model |

Online monitoring data

F.

—>| Motion/tensile load evaluation

Metocean data

System modeling
v" Floater, mooring lines, risers,
environment, seabed etc.
Frequency/time domain analysis

Loafi cell | Stress evaluation
Inclinometer
GPS/DPGS etc. *

Finite element model |

| Fatigue and wear damage evaluation

b

Offline monitoring data (Inspection) l—

Thickness Validation and calibration

Residual stress
Stress concentration of corroded chains
Frequency/time domain analysis

Catenary profile
Anchor conditions etc.

+ Fatigue cracks *

* Loose or missing studs . . .

«  Gouges | Reliability and risk visualization
+ Elongation ‘

.

| Decision making for sustainment
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}.J_{ Web-based visualization system |

Open source software
Database management tools
On-premises/cloud
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— Conventional dataflow
— Digital twin dataflow

Physical Asset

Operator’s loT platform

Digital twin platform

Physical sensor data (measured)
- Mooring line angle, tension etc

collection system |—>| Analytics database |

| High-fidelity physics models

1/0 dataset Training conditions

| Sensors I——>| Data

]

Sust

Modification

Archive online and

offline monitoring data

| Digital twin |

- OLHS
- Adaptive learning

Error evaluation

—\,
d—t

Virtual sensor data
- Unmeasured parameters
- Fatigue/wear/corrosion life etc.

Analytics dashboard (loT Applications) |

s Current/future condition assessment
* Real-time visualization, alert

« Optimized design & inspection

« Life extension with class approval

*  Predictive maintenance

|

Surrogate / Reduced-order model |

0

| Online and offline monitoring data |

f Validation and calibration

* Target failure mode selection
+ Lifecycle data including operational
history and health monitoring history

| Asset lifecycle database platform; Concept, FEED, Detailed Design, Fabrication, Installation, Commissioning, Operation/Inspection/Maintenance

| IT/Robotics infrastructure platform; Information security, database technology, sensor technology, Big data analytics(Al/ML), 5G, robotics etc,
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DIGIAL TWIN DASHBOARD

METOCEAN
LOCATION
TENSION
ANGLE
STRAIN
FATIGUE
CORROSION
FUTURESTATE PREDICTION
RISK EVALUATION
RESOURCE
REPORT
QUERY

LINE TENSION MONITORING
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VESSEL LOCATION MONITORING
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LINE ANGLE MONITORING
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3. FRRRRUWXHEE
FRFEFRIHF: OTC 2021, 2021487 (MHI. MHIA, DNVD#H3E)
Shunsaku Matsumoto (MHI), Vivek Jaiswal (DNV), Tadashi Sugimura (MHI), Shintaro Honjo (MHIA), Piotr
Szalewski (DNV), “Mooring Integrity Management Through Digital Twin and Standardized Inspection Data”,
Offshore Technology Conference 2021, OTC-31036, August 2021



