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THE CATAPULT NETWORK -
A NATIONAL CAPABILITY

* Network of 9 world-leading
technology innovation centres

 Supporting businesses in o
transforming great ideas into
valuable products and services

* |ndependent, not-for-profit

* Delivering impact across the UK
economy, enabling businesses to
thrive in global markets

I Cell and Gene Therapy
| Connected Places

Innovate
UK

l Compound Semiconduchbor Applications

L

| Digital
| Energy Systems
| High Value Manufacturing | Satellite Applications

caTAPULT

| Medicines Discovery
l Offshore Renewable Energy
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THE OFFSHORE RENEWABLE
ENERGY CATAPULT

The UK’s leading technology innovation and research centre
for offshore renewable energy

Mission: to accelerate the creation & growth of UK companies
in the offshore renewable energy sector

* Unique facilities, research & engineering capabilities
* Bringing together innovators, industry and academia
* Accelerating creation and growth of UK companies

* Reducing cost and risk in renewable technologies

* Growing UK economic value

* Enabling the transition to a low carbon economy
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THE OFFSHORE RENEWABLE
ENERGY CATAPULT

* Over 250 engineering, research and sector experts
*  World-leading test and demonstration facilities

8 UK Regional Centres I YANTAI ®
Aberdeen, Blyth, Fife, Glasgow, Hayle, ' p %,
The Humber, Lowestoft, Pembroke Dock - Y Viemoesr),
08 - ~ @THE HUMBER
3 UK Academic Research Hubs 7 e IR
Universities of Manchester : LOWESTOFT @
& Strathclyde — Electrical Infrastructure o g '-.f',ét.rﬁnoxsna:l_g /.
University of Bristol — Blades .

University of Sheffield & Warwick — Powertrains

negy

International Research and Innovation Centre
Yantai, China
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WHAT WE DO - Accelerate Technology Developments

FULL SCALE TEST &
VALIDATION

* Next generation Turbines
& Balance of Plant

Design validation and
component testing

IMPROVE OPERATIONAL
PERFORMANCE

Better intervention
techniques

Operations & Maintenance
Developer/owner solutions
SMEs developing solutions

Test & validate solutions

LEADING RESEARCH &
DISRUPTIVE INNOVATION

Evaluation and support for
emerging technologies

Floating wind, wave & tidal

Energy networks and
storage

Under-pinning research

Gateway to UK academia
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Centre - Blyth
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15MW Powertrain Test Facility
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3MW Tidal Turbine Test Facility
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eGrid - an 18MVA Grid Emulator

N Power Flow _

Traditionally full-scale tests are run in the field which has
several disadvantages:

Time Consuming - planning permission required;
standards tests take years to finish

Costly - replacing broken parts and updating designs is
difficult

Weather Dependant - have to rely on wind conditions at
site = limited repeatability

15MW test rig + eGrid:

Main Bearing
Drive Shaft
Gearbox
Generator
Central Controller
Power Converters
Transformer
Switch Gear
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Overview of Offshore Wind Digitalisation

Data
= Design specifications

u Droductlon mformatlon ﬁ Physical Asset in reMi \ﬁDlgltalTwmm cloud \

world

- O p e rati ond | reco rd Full Lifecycle View of | Environment & Aero-Elastic
'+ Turbine/Farm Performance & model
degradation | . C(')nvertin‘g.meas.ured
 Blade & Powertrain Condition -." WS ot W Deid

Modelling
= Computational/analytical models

* Structural Health
* Remaininguseful life

Powertrain analysis model
* Failure diagnosis
performance degradation

= Engineering simulations

= Sensor fusion
= Digital objects/individual digital twins

Structural Integrity analysis

model

* Failure diagnosis

* Remaining useful life
estimation

Linking
= Connecting digital objects in a chain, e.g.,
condition monitoring with test

(advanced testing), condition monitoring
with maintenance (smart O&M) etc.

Grid & Financial model
Performance optimization
* |Information for end of life

decision /

= Enabling digitalisation with extended
chain and wider industry to find new

products, new processes and new CATAPU'-T
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Pitch control system monitoring

Intelligent Condition Monitoring

= Combine specialist engineering knowledge and data science expertise with .
first-hand industry SCADA data
= Apply Artificial Intelligence (Al) to monitor critical components in offshore

wind turbines ;
= Use Machine Learning (ML) to create novel analytics where No effective e :
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Converter condition monitoring
J Pitch control system : . Neural Networt Mode!

1 Pitch bearing P o Pitch bearing monitoring
. Converter health monitoring
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Cable monitoring

S—— Generator structure monitoring (SHM)
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Digital Twin Functions — Our Offers

GE StayAshore — P7 Pitch Raceway Usage Monitoring (PRUM)

* The PRUM tool was developed to estimate bearing damage
* Applied ML using high resolution and SCADA Data

+ Validated using SCADA data from 6 Haliade 150 turbines

« The algorithm can effectively estimate raceway damage to

Re S i d u a I b a S e d n Ove Ity d et e Ct i O n . "::Zhizoalnc::earﬂierzfee\::rrn?:grsy::g alarms on a per day and

accumulated tally.
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Module

— *  Winding temperature model for Haliade 150 generators
* Generator thermal performance can be traced and monitored online,

which could enable condition-based generator maintenance

———g——-

= Traffic light system for generator operation intervention, avoiding

G enera to r no-condition tracing Tailures

065 GHM Exr

Health Module e o
* This project developed a tool to monitor the vibration of the e N ~ Y . E n
generator stator plates HIStorical | v 7 . Oon. 1 F—'nCF—; :
* Utilised a MLP neural network to predict vibrations and model ::;IBT . interva i
the residuals as a damage characteristic parameter (DCF) Data ey "
* DCP was monitored over time L ~ T T TR T T T P PR
* Producing alarms or warnings based on 12 week trend Amber ----- #
analysis - ( n 15
* Validated on the entire GE fleet (as of 2022) Sg:l;‘ - " | :
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— o | GE StayA e - P1 Converter Condition Monitoring (CCM)
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1. CCM tool has been successfully validated using the SCADA

m.‘m ‘shaliow neural network deep neural network
SR gl o o o) ) ) !
i R ® O o ® 0 /00 o data from 14 operational turbines from Merkur Wind farm.
® O 9 ® 01010 g ) ) )
o e [ e @ ® 0100 ® 2. The tool can effectively differentiate "healthy" and
$g% T tgget
o o o o unhealthy/faulty" converter.
input layer output

naden tayer layer inputiayer  hiddenlayers  Output layer
M 0 u e MO65 Ring Turbines, DNN, Normalised View

NPCAM tool can estimate the lifetime consumption of the nacelle power

cables based on operational SCADA data through advance machine

learning algorithm.

Cable Aging Monitoring

Wind Farm : Cumulated damage

Comage

Cumulated damage
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WindScope
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Digital Twins
Cloud
Linking

Internet of
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Modelling
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Dynamics

Data

Figure 19. SmartBug position 4 (SN: 206044)
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Figure 18. SmartBug position 3 (SN: 206043)
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Strain Gauge 2 (CH-1)

International collaboration & academic

*

University of

partners hi P Strathclyde

Glasgow

caTAPULT

University of Nevada, Reno
Offshore Renewable Energy

Tufts

UNIVERSITY

Data analytics remain the critical tool to inform turbine O&M and drive down cost

* We develop and embed our analytic tools on digital twin platform



Digital Twin Cloud Platform
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Technical Challenges

4 N

e | ack of data sharing

e arge amount of operational data with little useful
information

e |deal measurement not available in time or space

Data

L /
« N . .
e Multi-time-scale, multi-physics systems

e arge uncertainty in modelling, e.g., farm-level airflow,
floating wind etc.

e Digital objects subject to validation

Modelling

- /
- N
e Limited number of connected digital objects

Linking e No strong business case
e Public funding

caTAPULT
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Guideline and Recommendation
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