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Kongsberg active partner
In Nowitech

« Kongsberg introduction
« Kongsberg EmPower
« Kongsberg as an active partner in Nowitech
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FROM DEEP SEA TO OUTER SPACE
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Kongsberg
business areas

KONGSBERG DEFENCE KONGSBERG PROTECH

KONGSBERG MARITIME SYSTEMS SYSTEMS KONGSBERG DIGITAL
Global market leader within Modern product portfolio in Global market leader in Developing the next
offshore, merchant marine growing defence and remote weapon stations generation of digitalized
and subsea applications aerospace niches products and services
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Innovation 5
driving new opportunities
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KONGSBERG DIGITAL

KEY FOCUS AREAS

ANAN
v
-

b = )
< 5 e B

maritime oil & gas renewables utilities

kogniffll open digital platform ecosystem
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KONGSBERG DIGITAL
APPLICATION AREAS
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Condition Monitoring
within Energy | Condition Based Maintenance

Digital Twin
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‘ Kongsberg EmPower 3

KONGSBERG

Condition Monitoring Production Forecasting Performance Monitoring Wind Farm Control

Condition based maintenance Prediction and decision Performance overview at Control for grid code
Detection of early degradation support for trading in the portfolio, farm and turbine compliance. Site specific
Al e e aeviae intraday and day ahead level. Identifying under control. Control for increased
i dlain (e market performing turbines and lost energy yield and load
production reduction. Wake control
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ongsberg EmPower
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Kongsberg EmPower
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Warning

174
ALU-MainBear, Prmp fault

GearBearing 1Temp Outside 50,30 °C
GearilTempsump 62.80 "C
Main bearing Temp 1 20,10 *¢

Main bearing Temp 2 0.00*C

MIODEL | TABLE

WTG 2

Active power [KW]:
Apparent powar [kKVA]:
Comm. status [code]:

Down rated ratio [%4]:

HydON Temp ["C]: 470
Reactive power [kVA]: 9.
State [code]: o
System pressume [kgiem*2): 17250

INSTALLATION COMPORENT MESSAGE
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Kongsberg EmPower
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advanced analytics

{ structural models %@ machine learning tools



Condition Monitoring
RUL + CBM - online analytics
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Turbine Gearbox

WTG 1
WTG 2

WTG3

WTGE

WTG7

WTG 9
WTG 10
WTG

WTG 12

WTG 14

WTG 15
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Early fault detection
Fault classification
Maintenance planning
Work order scheduling

= Main bearing
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EmPower @Hywind demo
RUL + CBM - online analytics

Deliverables:

 RUL for Drivetrain Components
« Soft Sensor Opportunities

« CBM Strategy

Main aims are:

 Reduce Downtime to Increase
Production

« Make Unscheduled Maintenance into
Planned Maintenance

* |ntroduce RUL and level of wear
estimation for maintenance planning
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Condition Monitoring and Predictive Analytics A" Statoil

Dr. Nenad Keseric; Sverre Trollnes/ Rasmus M. Hviid a J o
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Statiil New Enargy Solutions/ kongsherg Digital

Abstract

Wind industry ha aver the past years had limited acesss to operational data
However, all windfarm owners should have access to the vast amount of data
from their operating assets. Some af the more active owners have taken
leamingz from other industries and established 3 standard Infarmation
Manazement System (IMS] for the windfarms. Thess systems enzble swrage
and analysis of park performance and should open up for mare predictive
analytics refated ta turbine and balance of plant performance. The current
canditian menitaring systzms are fimited & vibration analysiz and cannot be
uzed ta manitar the perfarmance of all su-systems. The wind industry phases
3 challengs when it comes to demonstrate additional value creation fram
operstianal data from the IMS or vibration manitoring system. Currently we us
the data to challenge aur service providers, if we do nat perform maintanance
in house, and ta quality assure avaitabiiry calculations. Statail iz active awner
that iz gaod in uze of data and has praven thiz valuable, but we need o laok far
additianal valuz appartunitie: ta mahe sure that we heep siding dawn the cost
curve far offshare wind. We have cstablished a demanstration project to test
and develop a conditian manitering system, with the aim ta predict behavior of
the different sub-systems of 3 wind tizbine.

Dbjectives
» Impartance of systematic callection of data from the assetz
= Bring the wing indlustry inte the next phase of predictive analytics
» Create aseitional value from asset by reduced cost/incraased production
Electsicity produced by wind power is 2 fast grawing industry. Wind farm
developers and operatars are facing 3 great competition in the market whers
forus it on comtinues decrease in the price/kWh. This results in high demands
0 CAPEX and OPEX. The turbine price, expected energzy production, availability
and installation cost i important. The OPEX cost iz equally impartant, becauze
# affect the Cast of Energy during the camplete operating tme of the wind

farm. Therefore it's increasingy impartant to impreve operation and
maintenance cost.

The selection of aperation and maintenance (OM) strategy is an important
step to optimize on D&M costs. Far major and critical companents Candition
Based Maintenance and predictive maintenance is seleted to be the best
strategy to optimize cost especially for offzhare turbines.

Far offshare and remate turbines the ability ta do praper maintenance planning
will give avances because weather conditions can stop many operations and
keep the wind turbine out of operation while waiting on service.

Therefore this praject has facus en candition menitoring a5 an enabler far
condition based maintenance and predictive maintenance

Methods

The project consists of thre pantz. Firstly, to develop syvems and algorithms
to predict failures and assess remaining useful life (RUL). Secondly, to install
sdditional instrumentation where current signals daes not prove ta be effectve
when it comes to predicting failures. Lastly, this information will be used to
affect the maintanance program. The goal is to move towards 3 condition
based maintanance program far affshore wind turbines

offshorewind2017.com
#offshore2017

Results

The project started in March and will run until October 2017 We have installed
systems and done madificstions to the instrumentation on the floating wind
#urbine owned and cperated by Statoil. First analysis have started and we have
developed good analysis for specific failures and indicstors,

The value that we can get fram the IV iz underestimated and not wtilized
effectively. The potential to increaze availability by implementing efiective
failure elimination strategies s large in offthore wind. The effect of unplanned
outage ix high for offshore wind due to the experienced lack of access to the
urbinez. Eliminaticn of failures will therefore have 3 farge impact an ausitability
and the production. Main 3ims are:

= Reduce Downtime 13 Increase Praduction

= Miake Unscheduled Wi into Planned

= Introduce RULand level of wear estimation for maintenance planning

With reduced failure rates the associated cost of aperation will also go down if
e sucead with this project

References
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Kongsberg
Offshore wind
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+ Playback control

== Dashboards > Turbines > T52

Trans Shanghai

[} bulk carrier

IMO: 9496678, MMSI 636091924, Delivery
Owner. China Shipping Tanker
¥ KM Installation # 1021162

08/28/2016 14:30.39.994
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06/26/2016 143039.994
ARG 143830 604
Total: 15
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f faiture
Wind Turbine 52 Medium  Remote Breaks Enabled
Wind Turbine 52 Low Drivetrain Vibration High
Wind Turbine 52 Low Generated Power vs RMP Troughput Alar
Wind Turbine 52 Low Bearing Temperature High
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Total Alarms Last 24H

= BENTOLE

GJERDEN

Y1/1968 120C:00AM No  EN 13616 n

Type: Crew Embarkation Date:  Cabin Name: 9748
First Namez ~ Bent Ole Disembarkation Date: Assigned Station Name: a
LastMame:  Gierden Special Needs: Emergency Station Name:  ESZCT
Gender: 6/20/1384 12:00:00 AM Last Visited Station Name:  False
Birth Date: No Off Ship False
Minor: EN Excused From Mustering Drill:
Telephone: Status:
First Language:
Passport Nation:

= STEINAR EVANT 6/20/1984 120000 AM No  EN a7ae o
Type: Crew Embarkation Date: ~ Cabin Name: 9748
First Namez  Steinar Disembarkation Date: Assigned Station Name: a
Last Name:  Evanl Spedial Needs: Emergency Station Name:  ESZC7
Gender: 6/2011984 12:00:00 AM Last Visited Station Name: ~ False
Birth Date: No Off Ship False
Minor: EN Excused From Mustering Drill:
Telephone: Status:
First Language:
Passport Nation:
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a cross industrial open eco system

Digital Platform
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Smart apps for onshore and offshore wind
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Kongsberg feedback to

Nowitech
« Supported industry partners in Norway
to create an international business in H
benefit for Norway and the industry |
» Better understanding of industry Norwegian Research Centre

challenges — operations and for Offshore Wind Technology
maintenance

* Linked the Norwegian wind industry and
scientist to the European collages

« Kongsberg - important input to
understand industry challenges as input
for development of applications for
offshore wind on an international arena
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