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Problem: Leading
Edge maintenance
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Yearly increase of wind farms
(+ 18% / yr)

Trend of increasing blade lengths
giving a factor 6 higher wing tip speeds
(v= 2mrw) and thus more wear

Exponential increase of wind turbine
blade maintenance cost

« ~ 130 KE per turbine
« ~ 8 M€ Netherlands
 ~ 250 M€ Europe

Almost all LE (95%) & most (60%) tip

FIG 11: CUMULATIVE AND ANNUAL OFFSHORE WIND INSTALLATIONS (MW)
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Locations of wind blade damages from typical WindPark Owner
(Bevers, 2020)



Aantal reparaties
0 10 20 30 40 50 60

Current Solution

B Toekomst beroep
servicemonteur
windturbines

De kans op robotisering van de werkzaamheden
van een servicemonteur windturbines bedraagt
64%. Dat betekent dat de kans gemiddeld is dat de
taken en werkzaamheden van een servicemonteur
windturbines binnen nu en 20 jaar door robots en

slimme software zullen worden overgenomen.

Aantal reparaties aan in totaal 60 bladen

Leeftijd turbines

Only reactive maintenance, done by people

Very risky jobs

Too less employees to cope with
this increasing maintenance demands

Higher maintenance costs than necessary:
« 1 windblade replacement per 2 turbines
« even complete run-to-failure strategies
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Five categories of turbine blade damages of a typical WindPark Owner, (Bevers, 2020)



Envisioned Solution

Currently inspection can be done
by drones and detection by Al
algorithms, but maintenace

drones require new technology !
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Now

Maintenance done remotely by people on site

Less time consuming

Less risky, thus more employees Future

doing more blades per day

Preventive maintenance strategy reducing
costs and improving turbine’s energy output
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Autonomous Outdoor Aerial Interaction

Modular Aerial Robotic Systems for Sustainable Living on Earth (MARS4Earth)

T EARTH

The goal is to develop a new generation of modular and completely autonomous aerial
manipulators that can physically interact with a realistic outdoor environment.

Autonomous Outdoor Aerial Interaction

Technologies

¢ mission-specific interaction modules
e intelligent surface exploration

* adaptive interaction control algorithms
* onboard perception & decision modules
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Project Details

4 year project o
yEet B 1724

Consortium: 12 partner
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Contact: Dr. ir. Abeje Y. Mersha - Research Group Mechatronics, Saxion University of Applied Sciences - Ariénsplein 1 - Room z16.0.01/216.0.09
7511 JX Enschede - Email : a.y.mersha@Saxion.nl - Tel +31622337351
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I: Functional Flow

What is the general functional flow that is required for a mission.
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[Il: Key Parameters

(1) Interaction
. Controller (Active and passive interaction)
. Tool/End effector (Mission specific module)
(20 Modularity
. Mission specific modules
. Interfaces (hard- and software)
(3 Autonomy
. Flight controller (Surface exploration algorithms)
. Target identification algorithms

. Safety
@1 Logging
. Emergency procedures (pilot takeover)

II: Physical View

What actions and where are the actions being performed
during a mission.

Data sforage

Logging Target identification

-{ Log UAVstatus | | |

- {Aog mission progress,

i | store Uavstatus |G| .-
" history

Store mission plan -2

Store ion
progress

Analyze sensor
information

Navigation

! | RequestGNSS
! coordinates

[ Create selpoints

control motors | 1}

Mssion module

[ Read sensor data ]» i

Control actuators
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Modular Aerial

Platform

S

De eerste versie van de

Modular construction = ilag@nde MarshEattha

hand kan autonoom

Tilting rotors .
interactie is de
volgende stap.

Standardized interface for
mission specific modules

Suitable for physical interaction
with various surfaces

Can apply significant amount of
force at any direction
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Localization and
exploration

- Vision based detection
and localization of wind
turbine

- Ultrasonic sensor is used
for distance (drone-
turbine ) measurement.

- Frontier based exploration
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Interaction control

- Analyzing ground effect
on thrust generation

- Cascaded control for
smooth transition
between free-flight and

close-to-surface flights SAEION
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NCFS Propeller throttle (%)

Thrust (N)

Out of ground
effect
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Resources

End-Users
Groningen Seaport
Booskoelstroom, AmperaPark
Brandweer Twente

Societal Challenge

First interaction concepts
on lab-scale

TRLL TRL2 TRL3 TRL4 TRLS

Scientific/fundamental
research

capabilities

Technological Solution

System demonstration in
operational environment

Product
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Autonomous Outdoor Aerial Interaction

allemergency
services

O 10.000m
[ indoor testing

| area (hangar]

O outdoor

testing cage

office and
working
spaces

technical
facilities

O educationaland
training facilities

220 haoutdoor
safe testing area

Nokia UTM
infrastructure

3 km runway




Next Steps and other Initiatives

. NI, A |
? MARS C?D - Aerial interaction-

based inspection

. + EARTH

Consortium forming k Autonomous Outdoor Aerial Interaction /
- Predictive maintenance

Just started
- Holistic inspection

1: Maintenance supply system
2: Drone Flight system

3: Maintenance manipulator
4: Interacting drones

Future /K

s “ /ro\ |/’\ X \\ ‘
_I
\ ]

Tﬁl ‘ jj |ii | HEN
.;mundsvstem_r ‘ R

UNIVERSITY OF
APPLIED SCIENCES




