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Dutch initiative of innovative companies and knowledge institutes combine and 
develop knowledge and experience in inspection, production, repair and 
maintenance of composites. 

Founded by

Partners

© DCMC 2020

DCMC

2



Research & Innovation program Focusing on:
1. Hybrid structures maintenance & corrosion 

prevention
2. Quality improvement through Automation

• Spider robot
• Laser Ablation/Waterblast scarfing
• Automation of NDI

3. More efficient NDI through data Fusion

© DCMC 2020

Research & Innovation
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https://www.rijksoverheid.nl/actueel/nieuws/2017/09/18/defensiehelikopter-dropt-voedsel-en-water-op-sint-maarten-video


AeroNDT. Who are we?
Transport

Energy

Cultural Heritage

Paolo Rossini “La Crucifixión con Santa 
María Magdalena”
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Thick composites

https://magazine.damen.com/editors-choice/composite-
materials-for-the-next-generation-of-ship-owners/
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https://www.seanews.com.tr/damen-ramses-project-reaches-
significant-milestone/187217/

Fieldlab Zephyros, project: AIRTuB
Automatic Inspection & Repair of 
Turbine Blades
https://www.worldclassmaintenance.com/sub-project/airtub-automatische-
inspectie-reparatie-van-turbinebladen/



Aerospace CFRP laminate

4.3mm

Thick marine GFRP laminate

10.0mm

Ultrasonic @ 5 MHz

Ultrasonic @ 5 MHz

Non-Destructive Inspection of Thick-Walled 
Composites 

Thick marine GFRP sandwich
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Anisimov, A. G., Serikova, M. G., Tao, N., Anand, C., Esrail, F., 
Kassapoglou, C., & Groves, R. M.Multimodal nondestructive 
inspection of impact damages in composite laminates: a case 
study to assess the damage volume (Conference Presentation). 
In Multimodal Sensing: Technologies and Applications (Vol. 
11059, p. 110590W). International Society for Optics and 
Photonics. (2019, July)



3-5 mm

50-60 mm

3-5 mm

Illustration of common defects in marine composites (Source: 
Damen)

10-12 mm

(a) Delaminations (b) Fiber breakage

(c) Delaminations (d) Fiber breakage

(f) Core fracture(e) Water ingression

Laminates

Sandwich structure

Fiberglass

Foam core

Marine issues

Extreme events
 Impact 
Blast

Aggressive environments
Temperature cycling
Saltwater immersion
Moisture absorption
Ultraviolet radiation Fatigue fracture of PMI 51 S foam core

SSC-463INSPECTION TECHNQIUES FOR MARINE COMPOSITE

CONSTRUCTION AND NDE
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Literature / past

Ibrahim, M. E. "Nondestructive testing and 
structural health monitoring of marine composite 
structures." Marine Applications of Advanced 
Fibre-Reinforced Composites. Woodhead
Publishing, 2016. 147-183.

INSPECTION TECHNQIUES FOR
MARINE COMPOSITE
CONSTRUCTION AND NDE 2012
http://www.shipstructure.org/pdf/463.pdf

SSC Project 1464 Test Panel Program
http://www.shipstructure.org/pdf/463.pdf

To identify techniques capable of:
Reliable defect detection
High automation capabilities



Op Zuid: Work Package 4

Non-Destructive Inspection of Thick-Walled 
Composites
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Ultrasonic + Thermography



Input 
spectrum

Transmitted 
spectrum

Core UV inscribed holographic grating 
FBG

Cladding

Reflected 
spectrum

Fibre Bragg Grating (FBG)
 Each FBG sensor reflects narrow 

wavelength spectrum
 Wavelength shifts due to strain change

Tilted Fibre Bragg grating (TFBG)

Temperature and strain – Bragg 
resonance peak

Temperature and strain – Ghost 
resonance peak

External refractive index – area of the 
cladding resonances peaks envelope

L. Fazzi, R.M. Groves "Demodulation of a tilted fibre
Bragg grating transmission signal using α-shape 
modified Delaunay triangulation“ 
Measurement 166 (2020): 108197 10



Vacuum 
application

Resin infusion

Tilted Fibre Bragg Grating (TFBG): experiments

Curing

Time

 Temperature

 Strain

 Refractive index
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L. Fazzi, R.M. Groves "Demodulation of a tilted fibre
Bragg grating transmission signal using α-shape 
modified Delaunay triangulation“ 
Measurement 166 (2020): 108197



~1500 mm

~600 mm

Phase 1. Test specimens

Panel Type Dimensions Defects

1B Sandwich 658*650*60 Delaminations

3 Sandwich 654*649*60 Water ingression + core fracture

4 Sandwich 571*562*60 Fiber breakage

7B Laminate 654*644*13 Delaminations

7C Laminate 609*608*10 Delaminations

8C Laminate 600*600*10 Fiber breakage

9B Laminate 769*762*12 Intact

Bond-tester TiaT
 IR Thermography Tiat
 Lock-in Thermography Tiat
Shearography TU Delft
Terahertz Imaging DTIS
Pulse-echo Ultrasonics TiaT
Phased array ultrasonics TiaT
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Shearography: speckle pattern shearing 
interferometry

Francis, D., Tatam, R.P., Groves, R.M., "Shearography technology and 
applications: a review," Meas. Sci. Technol. 21, 102001, 29 (2010).

Some of the commercial shearography systems that are 
available on the market; the Q-800 from Dantec Dynamics 
(a), the Steinbichler ISIS mobile 3000 (b), the Optonor SNT 
4045 (c) and the SE3-NDT from ISI-sys (d).

 Shearography directly 
measures the surface 
displacement gradients

 Shape 
(interferometry)

 Gradient 
(shearography)

Andrei G. Anisimov, Mariya G. Serikova, and Roger M. Groves, "3D shape shearography 
technique for surface strain measurement of free-form objects," Appl. Opt. 58, 498-508 (2019)`
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Shearography: speckle pattern shearing 
interferometry

 Shearography directly 
measures the surface 
displacement gradients

 Shape 
(interferometry)

 Gradient 
(shearography)

Andrei G. Anisimov, Mariya G. Serikova, and Roger M. Groves, "3D shape shearography 
technique for surface strain measurement of free-form objects," Appl. Opt. 58, 498-508 (2019)`



Panel 7C: laminate with Teflon inserts

15Shearography: top layers Phased array ultrasonics. Results 
depend on frequency 



Panel 1B: foam core with Teflon inserts

Lock-in thermography: top skin-core
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Shearography: top skin-core



Panel 3: water ingression + core fracture

Radiography: all found

Extra defect

17Thermography: all found

Shearography: almost all found



Phase 2. How to improve?

Material on ongoing research is not publically available yet. 

Contact us for details

Andrei G. Anisimov       Roger M. Groves
A.G.Anisimov@tudelft.nl          R.M.Groves@tudelft.nl

Aerospace Non-Destructive Testing Laboratory
Delft University of Technology, The Netherlands
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Main results
Thick composites are challenging
Adaptation of NDT techniques
Automatic scanning = possible
Automatic defect detection = 

challenging

Defects detection
Skin and shallow (<15 mm) –

shearography (up to 25 mm in 
solids)

Deeper (<50-70) – low frequency 
phased array ultrasonics

This project is part of EFRO-project PROJ-00730 - DCMC
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