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AIRTuB Roadmap

© Royal NLR 2021 - NLR Internal Use Only 3



4

Challenge Ahead

Source: [1] Source: [2]

Source: [3]

Source: [4]
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Balancing Between Safety, Efficiency and Mx Costs

Safety

Mx Costs

Downtime

Inspectors
Efficiency

Structural damage

Loss of Lift

Loss of AEP
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Balancing Source: [5]

Source: [6]

Source: [7]

What
brings
AIRTuB?
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Set-up of a WCM FieldlabChallenge:

AIRTUB1: Inspection robot

(in execution)

Development of an 
automated multi NDT 
inspection robot for 
detection and validation of 
off-shore wind turbineblade
damage.

AIRTUB2: Repair robot

Development of an 
automated repair robot for 
offshore wind turbineblade
damage.

AIRTUB3: Establishing 
residence in the windfarm

Development of housing 
facilities in the windfarm 
for autonomous 
operation of the 
inspection and repair 
robot.

AIRTUB4: Setting up and executing a 
fieldlab pilot

Testing and optimizing 
the integrated 
inspection and repair 
system in real life 
situation.

Start commercial 
operation

Autonomous robotized 
inspection and repair 
services commercially 
available.

2019 2020 2028202620242022 2030

roadmap

Call for Action / Business Driver = Need for LCOE 

reduction

• Lifetime extension 

• AEP improvement

• Maintenance logistics reduction

• Elimination of human presence offshore

• Reduction of pollution in the marine environment 

(also erosion particles)

AIRTuB solution:

Fully autonomous robotized turbine blade maintenance 

by:

• Robotized inspection and repair system resident in 

windfarm

• Condition monitoring

• Frequent small high quality repair interventions 

Business model:

• Owner Operator (OO) contracts AIRTuB as a 

Service from Service Provider (SP)

• SP operates on performance contract with OO

• OEM of AIRTuB Equipment rents Robots to SP

Involved

partners:

AUTOMATED INSPECTION AND REPAIR OF TURBINE BLADES

Autonomy

L
C

O
E



Typical Damage Modes in 

Wind Turbine Blades
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Inspection of Wind Turbine Blade
External Damages

Source: [8]

Source: [9]

Need for 3D profile
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Inspection of Wind Turbine Blade
Internal Damages

Source: [10]

Type 3:

Skin/sandwich panel 

joint damage

Type 6:

Buckling of main spar and

disbond as result

Source: [11] Source: [11]
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Inspection of Wind Turbine Blade
Internal Damages

Source: [9]

Type Location Depth (mm) Length (mm)

Structural Gelcoat (type 

7)
Trailing edge 0 Hairline, 100

delamination in root 
laminate 
(type 4)

20% inboard 75 100

delamination in outer 
skin-core bond of 
sandwich
(type 3)

60% inboard, sandwich panels 
between spar caps and 
leading/trailing edge

2 – 5 100

bondline tunneling or 
disbond cracks 
(type 1 and 2)

web-spar cap,

leading/trailing edge
0 - 30

hairline (tunneling) or 
25 (disbond)
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External Damage Inspection Methods
3D Imaging Techniques
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Overview of 3D Imaging Techniques
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3D Imaging Techniques

Photogrammetry Structured Light
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3D Imaging Techniques

Laser Line Scanner
Source: [12]

Laser Imaging Detection and Ranging

(LIDAR)

Source: [13]
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3D Imaging Techniques
Strengths and Weaknesses

Imaging method Strength Weakness

Photogrammetry ● Miniaturization

● Visual characterization

required
● Depth resolution

Structured Light ● Accuracy from 10 µm
● Light condition

● Sensitive to vibration

Laser Line Scanner
● Accuracy from 10 µm

● Miniaturization
● Surface condition

LIDAR
● Robustness

● Flexible measurement distance
● Accuracy
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3D Imaging Techniques
Conclusions

• Triangulation laser has best potential to fulfill required erosion target for

AIRTuB project

• There are three aspects to be dealt with

– Effect of vibration

– Effect of surface condition

– Location of each measurements

Source: [14]
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Internal Damage Inspection Methods
Non-Destructive Inspection
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Non-Destructive Inspection Methods
Overview

Source: [15]
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Non-Destructive Inspection Methods
Overview

Source: [16]
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Non-Destructive Inspection Methods
Damage Types and NDI Methods

Type

Structural Gelcoat (type 7)

delamination in root laminate (type 4)

delamination in outer skin-core bond of sandwich
(type 3)

bondline tunneling or disbond cracks (type 1 and 2)

Source: [17]

Source: [18]
Viable methods: Visual inspection
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Non-Destructive Inspection Methods
Damage Types and NDI Methods

Type

Structural Gelcoat (type 7)

delamination in root laminate (type 4)

delamination in outer skin-core bond of sandwich
(type 3)

bondline tunneling or disbond cracks (type 1 and 2)

Source: [17]

Source: [18]
Viable methods: none

Viable methods: ultrasonic inspection © Royal NLR 2021.  All Rights Reserved
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Non-Destructive Inspection Methods
Damage Types and NDI Methods

Type

Structural Gelcoat (type 7)

delamination in root laminate (type 4)

delamination in outer skin-core bond of sandwich 
(type 3)

bondline tunneling or disbond cracks (type 1 and 2)

Source: [17]

Source: [18]

Viable methods: thermography inspection
© Royal NLR 2021.  All Rights Reserved
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Non-Destructive Inspection Methods
Damage Types and NDI Methods

Type

Structural Gelcoat (type 7)

delamination in root laminate (type 4)

delamination in outer skin-core bond of sandwich
(type 3)

bondline tunneling or disbond cracks 

(type 1 and 2)

Source: [17]

Source: [18]

Viable methods: ultrasonic inspection
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Conclusions

© Royal NLR 2021 - NLR Internal Use Only 25



26

Conclusions

• AIRTuB: Fully autonomous inspection, repair and maintenance of off-

shore wind turbines

• External and internal damages relevant to AIRTuB established

• External inspection:

– Laser scan has best potential to fulfill the requirement

– Open questions remain

• Internal inspection:

– No single-solution available, tailoring to the wind blade design
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Credits
The project is executed with subsidy from Topsector Energy part of 

Ministry of Economic Affairs
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Literature Study Report
Go to:

http://hdl.handle.net/10921/1559
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