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Structural health monitoring in thick-walled FRP
structures

(ramsses) * Inspection techniques
— Non-destructive evaluation (NDE)
E-LZ\SS — Structural health monitoring (SHM)

— Sensor mapping
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3 Non-destructive evaluation (NDE)
SSC-463
kRAMSS ES) INSPECTION TECHNQIUES FOR

MARINE COMPOSITE
CONSTRUCTION AND NDE
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Thes document has been approved
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Non-destructive evaluation (NDE)

(ramsses) * Description of potential defects

* Non-destructive evaluation techniques

E-IASS « Aerospace Damage & Repair Inspection
Procedures
Qfshore

 Wind Turbine Blades
CompositesNL. ¢ Test panels & Case studies

FiberCore ° Summary & conclusions
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Non-destructive evaluation (NDE)

E-L;\SS — Air bubbles

Olpshore — Core crushing b

CompositesN L

— Crazing
FiBQFCOI:e' — Delaminations




“7
InfraCorei=)

‘7
InfraCore=rr=r

Technology Transfer Group: Infrastructure

,‘5\( STEE, Ay
<& S

N Non-destructive evaluation (NDE)

150 9001

— Fibre failure

E'L‘E\SS — Kissing bond

StrengthBond, E

fshore — Matrix cracking TS ==

— Moisture ingress

CompositesN L

— Ply/fibre waviness A
FiberCore  _ Resin rich/poor area g
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Non-destructive evaluation (NDE)

— Visual inspection

E-LASS — Tap testing

— Ultrasonic |nspect|on

StrengthBond,

fshore — X- radlography F‘ﬂw
CompositesN L _ Eddy current : 53
— Thermography |

Fibefcofﬂ' — Moisture meters
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Non-destructive evaluation (NDE)

— Bond testers |1
E-LASS — Laser shearography |== “
— Modal methods

L — Structural Integrity and Damage Evaluati
Routine (SIDER)

— Acoustic emission
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Non-destructive evaluation (NDE)

(ramsses) * Aerospace Damage & Repair Inspection
Procedures

il
E IAS S ﬁ For non-tetectahle and acceptatile damage
==
Ultimate
Design [~ _ For detectahle damage to he found
.5 Factor P .
Load | ofSafely (7 and repaired through maintenance
StrengthBond, Level Limnit F . ) th
QfShore ~ Maximum load ° : ge ?CC g Wi
per lifetime f:) ﬂlght CIew's kllDWlCdgc
Conlinued
safe flight
. -l Lt | Ll | | ot
CompositesN L
Allowable Cri?ﬁal IZE;arITg]aga
= 5 Damage Limit resho
FiberCore oL (com
L)

Increasing Damage Severity -
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(ramsses) * Aerospace Damage & Repair Inspection
Procedures

Non-destructive evaluation (NDE)

Outer skin Inner Skin . Estimated Flaw St Remarks — Avsilability - Advantages —
_‘ Test procedure B 4 Fluid inap. i Training i ! o
onding Bonding Time size Constrains
I s
E - “S W:E:d;a:::i:r 43:: ;g m:‘: Ner = High human facior!
m Zxd h NoJ * Eimple, reliable. qualifisd
-] 2 100mm o-_ : + Development for improvement: OPTC-ELCH
Imrodiction
=5 Cperators |
2
a 2xBh uriis | . &
5 BONDMASTER 2 25mm | Specal Enddabis, peilhia:
,= o teirs] - * Compating with UT
hBond. H Iperators) course
Sl'rcng! on H * Procedurs available
3 Ultrasonic asn 25mm uti+ * Equipment comman
fshore § + Mol for farga areas
=
E 48 | 1eel | RTH ¥ Everputiprs: Svaisbie
= Eafely?
=
RT * Relatvely Cheap
Thermography d-h 1-3cels|  Level + Small and highly partabie
limited - Easylouse
L -~
‘ ompos‘tes N OpteELCH 25mm | Intreduction | * Simple. relisble, compact, cheap
L g a
mo
= SH + Expersivelbulky
25mm | Nocourse | = Noguantitative deformation indication
avail, * Mliszing inspector cerlification scheme
0 Applicability Verified EZ In Development [ Potential Ml Not Applicable

B With Adaptaion Possible

= »
Fl berco re Figure 69. Comparison of the effectiveness of NDE techniques for honeycomb
L)

sandwich structures by Airbus [Bisle 2010]
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Non-destructive evaluation (NDE)

(ramsses) * Wind turbine blades

—_— Visual Failure Failure Size Location
Mode Mechanism Variations Variations

[

o 2 — U |t rasonics Flaw Classification Tt
E LASS Matrix

— Shearography i el
StrengthBond, i MUt —M—L . - |

Cracking

fshore — SHM (FBG) i
Buckling —-,[ finpace H

S

UL
LI

—_————

COmPOSiteSNL Delamination |— |
I--’[ Inclusion J—|
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(rRamsses) * Test panels &
Case studies
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Non-destructive evaluation (NDE)

Laser Ultrasonic Infrared Digital Tap
Defect Shearography | Inspection | Thermography Hammer
g Mps, e 2 inches 2 inches 3 inches 3 inches
= Detected
3
= Max. Depth y . .
8 1- 2 plies 1 ply 2 — 3 plies 2 —3 plies
= Detectad P Py P P
- Overall good esp. for can’t detect can’t detect can’t detect
= | Effectiveness | kissing bonds | kissing bonds | kissing bonds | kissing bonds
Momibree 2 inches 4 inches 2 inches 4 inches
£ Detected
E: Max. Depth skin/core skin/core skin/core skin/core
= Detected interface interface interface interface
o :
% Overall | 1;5: higher ) . .
£ ot 200 equency Very goo air
transducer
= Min. Size 1 inch 2 inches 1 inch 3 inches
= Detected
= Max. Depth skin/core 1- 2k skin/core skin/core
= ; - 2 plies X .
= Detected interface interface interface
-
g Overall ) 4 a 4 3 cl.ml}i cdtgc
E Efctiveniss very goo 200 goo claminations
found
hisn. Sese 2 inches 2 inches 1 inch =
Detected defect not
; . : . detected
2 Max. Depth Y inch Y inch % inch Hege
o Detected
s d for
Overall fair with thick g o?f . 4 ¢ effectiv
Effectiveness laminates s s s nokECEemE
laminates
Svstem limitations:| Requires good Requires good Known good Only effective
reflective surface — | calibration laminate required with larger
not good with matt | sample and for baseline data: defects
finish black parts uniform defect must
or clear gel coat: laminate; small | produce a thermal
not good with thick | probe area gradient
or highly curved
pﬂ.rts
Equipment cost:| = $100.000 = $40.000 = $10,000 =$1,500
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Non-destructive evaluation (NDE): conclusion

(rRamsses) * By far the best NDE tool for marine composites
is still the human eye. However, visual
4 inspection cannot reveal the extent of damage
E-LASS with certainty.
R e e

* The initial assessment of NDE technologies
revealed laser shearography, thermography,
ultrasonic testing and digital tap hammers to
be the most promising for marine composites

FiberCore inspection.

CompositesN L
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Non-destructive evaluation (NDE): conclusion

from NDE Methods for Infrastructure Composites

£l e
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Defects
Delamination TEkrat ?
Fiher Breakage B [y B ? e
Fiber Waviness e B
Matrix Cracking B 7 e
Moisture ? ? ?
Forosity ?
Resin Thickness Irregularities ?
\olds ; o 7

Radiographic Testing
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Generally Detectable
(works generally well)

r—— — —
/G:=" Limked Defoctability
i a Ey _{ﬁ nder ce

Visual Testing
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Non-destructive evaluation (NDE)

(RAMss;s) * Terahertz inspection

E-LASS

SrrcnglhBonF
’Q‘fshore

—

 Reflected THz signal. ‘Dark blue’ areas
CompositesN L indicate the presence of the defects and
‘yellow areas’ indicate the ‘0’ defect zone.
Reflective tape markers used as reference
points are clearly visible at coordinates
(230,250) and (370,250).

F’iherCeqef
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Structural health monitoring (SHM)

kRAmssEs) * Acoustic emission

— See previous report

ik

E-LIASS * Fibre Bragg Gratings
strengthBon — See presentation by CUM ENS

' fShOfE . adding value by sensing
E-LASS Vigo 2019 |

PER YACHT CARBON
RUDDER i

CompositesN L
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Sensor mapping

?-l{;\____‘!!AMSS ES

_ Remotely Controlled Aquatic Drones

S"c"g'hs""Ofshore Flexible, easy and quick to deploy platforgd

High quality sensors and data capturing

Easy accessibility to difficult and dangerous to reach places

CompositesN L
IS B Observation and inspection of assets as well as their surroundings

FlberCore
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&RAMSS ES) https://www.youtube.com/watch?time_continue=113&v=fWz4b2FxgkM

&feature=emb_logo

il
StrengthBond,
O{fshore

INSPECT ASSETS

CompositesN L

We operate where other technologies

cannot, either because these
technologies are too dangerous, too
expensive or simply not practical to

use

FiberCor:e'

MAINTENANCE

We deliver a basis for Predictive
Maintenance and Reliability Centred
Maintenance. Repeatable
measurements and modeling allows

for tracking changes over time

DATA DRIVEN

Robust data processing chain
covering acquisition, network
communication, storage, processing,
integration, visualisation and

distribution risk mitigation
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Sensor mapping
Xtend Technology: visual inspection, NDT & sample drilling

Did You know that Xtend Technology already have inspected several bridges both in

Q‘AMSS ES) Norway and Germany . We Will soon Also include Al function and offer services

where we are going from fly and see to fly, see & work. Meaning our Drone will
perform NDT and drilling like sampling of concrete test samples and other

E-LASS
StrengthBond,
JQ‘fsh ore

_

CompositesN L
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Contact

* Postal address: Oostdijk 25, 3077 CP Rotterdam/NL

* Office address: Marconistraat 16, 3029 AK Rotterdam /NL

« Email: info@infracore-company.com

« Internet: WWW.infracore-company.com

oot * Phone: 0031-624628868

~europe




