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Proper structural/component materials and coatings are critical to reducing engineering
barriers, COE, and commercialization time.

Design Challenge: Several Design Configurations
& Operational Conditions
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Significant Periodic Loading:

* Interaction with PTO & Control System
e Site Conditions

* |EC Design Standard (Fatigue/Ultimate)

Composites Research Needed

- We are here

Composite material
selection, architecture,
structural performance,
and design.

Mechanical Loading,
fatigue and static
loading, damage
| propagation,

Coating & Environmental Challenges
_Corrosion Biofouling Joined Materials

Environmental expoé'u[e,
diffusion, mass uptake, “.,

|
\

/
We are here | /' We are here

\\ and degradation "x./

\\ - // But can we get here??

Hernandez-
/ Sanchez
: WEAMEC 5Nantes
f - - Adhesive | 2.0 = | ¥ Meatropole

‘ http://www.racerocks.ca/ e o 13™ EWTEC p

Courtesy of Resolute Marine Energy jOI nt bea m s Proceedings




North-West Europe i Sandla
OPIN Materials Can Impact Cost and... @&
 Structure costs RMP
* DeSignS and manUfaCture DOE Reference Model Project
* Accelerate manufacturing or |
Advanced manufacturing strategies = \\1

» Testing of novel materials or materials | e
from marine industries to reduce risk "

 Open water testing on materials for
validation ey
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P

WERNEC ‘;N@ntes
Metropole

ﬂMONTANA i
STATE UNIVERSITY u 1 N R E L

' el o o
e ot acific Northwest
%[I FIDRIDAAI’{SLANTIC NATIONAL REN NATIONAL LABORATORY




interreg E . i
North-West Europe MHK Designs Exploring @
e Composite Materials

Lockheed Martin-OTEC
Cold Water Pipe

Ocean Renewable Power Company

All Photos Obtained From Company Websites and Literature References

[/
‘T MONTANA %=
v STATE UNIVERSITY ] [ 1]
= ifi
%[J FLORIDA AI'_{['SL%T[C MATIONAL RENEWASLE ENERGY LABORATORY Pac'ﬁ%‘oNr\Jg{EI;\“ng/ﬁgRy

WEAMEC

Besearch,

6N@ntes
Metropole




nterreg E )
North.Westg.;g;z Materials Team {f MONTANA

STATE UNIVERSITY

Europasn Reglonal Development Fund

George Bonheyo:
Biofouling

<)
xgy/

Pacific Northwest
NATIONAL LABORATORY

Francisco
Presuel-
Moreno:
Corrosion

Scott Hughes:

_?_teJ:[si:'gucture Bernadette A. Hernandez-Sanchez: (Pl) \antes
w3 R — Materials Chemistry Vlétropole
et N E L Budi Gunawan: Loads & FBG Sensors

NATIOMAL RENEWABLE ENERGY LABORATORY



North-West Europe

Europasn Reglonal Development Fund

provided by:

Composites
Engineering
Research Lab

Composites
Technology
Development,

Hygrateck,
Janicki,
Industries,
Polyone,

Ocean
Renewable
Power

Company

A Verdant y

( Coupons \

Sandla

National

Laboratories
FY19-20

US MHK Composites Program

FY18

Metal — Carbon Fiber
Composite Interconnects in
Seawater

Industry directed full scale
subcomponent testing
(Artificial & Actual Seawater)

Salt Water Effects on
Composite Performance
Testing

Industry directed sub scale
elements & joined coupon
fabrication/testing
(Artificial & Actual Seawater)
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Corrosion can occur on metals connected to
carbon fiber composite materials (i.e., CF
composite to metal interconnects).

Calcareous deposit from

corrosion study MRE relevant

CF/VES084 + anode Velocities
- o St . g 0.1 m/Sand
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Building Block Approach to Rl
Structural Validation bt
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Wind & Water Materials
and Structures
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Open Energy Information
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Please compiete the form below to download the database file Db ]
Name * Wind Energy Workshops i

http://energy.sandia.gov/energy/renewable- https://tethys.pnnl.gov/
energy/water-power/technology-

development/advanced-materials/mhk-materials- J
database/

4
M o B NREL 7

- e
%[I FLORIDA %S%YNTIC MATIONAL RENEWABLE ENERGY LABCRATORY Pac'f\!/%‘&?{s?;ggﬁgRy

WEAMEC ‘;Na_ntes
i, Metropole




interreg B

North-West Europe

European Regional Developmant Fund

U.o. DOE MAA Composite
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Database:

Benefits: Open Source, Industry Advised, Backed with Publications.
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“Provide a better understanding of the 2016 Marine Energy Technology Symposium

MARINE AND HYDROKINETIC (MHK) T

materials science and engineering of O e

Sandia National Laboratories

WORKSHOP David A Miller

composites to avoid costly redesigns.” s o D

4127/2016

)
INTRODUCTION Ll \/0RKSHOP OUTCOMES

The Marine and Hydrokinetic (MHK) Energy Composites
Database Workshop was held on May 13-14. 2015 at Sandia
Natonal Laboratories in Albuguerque, New Mecco. Paricipants
were tasked fo identity “What are the citical composite
materials relsted nesds that must be addressed for the MHK

[ [
- Energy Industry to have sucoess i ther device's design,
. manufacture, operation, maintenance, and reliability?”
Atiendees represented MHK wave and fidal devios
" manufactures. composites industry. academic, national

* Explore Mid to Long Term
Needs

Outcomes of the workshop identified key areas for future research
needs, and were divided into Short Term. Mid-Term and Long Term goals

Short term needs identified for the MHK industry

Improved Loads & Tolerances for devioes

Saturated testingMaintenanoe schedules for devioss
Material selection aids for MHK devices

Cores and connections RSD

Improved reiationships between manufacturers and suppliers
Reiable database of composite material properties.

Leverage similarities in Oiligas. submarnes, piers nd, waterfront
structures in terms of case studies

Images of workshop
participants.

Nam e -

Representatives
from wave & e
energy, compos
iy, Sedants
national
laboratories.  and

Mid-term needs identified for the MHK industry

1. Expanded material properties included into the database

Nawel laboratories 2 Expanded research of water uptske ffects on substructures and
are shown here elements
3. Increase development of biofouling agents specific to MHK devices
4 I it
] This two-day workshop was used to identfy what are the ?;:;’;bw e mn fofmemnt i ! responcie M
composite materiais relsted needs that must be addressed for
& i W Exmy Inisky fo e sdcosss, To 4 & ese 5. Expand the types of items tested 1o include adhesives, substructures,
decisions, the workshop participants focused on the following coatings
actites o drect composite initiztives. 6. Expand the types of tests to include cychic pressure effects, cresp,

coatings. full scale testing, impact and critcal failure analysis, complex
shapes and effects of defects on laminates

. Data is being collected on MHK Composite Performance by Sandia National Laboratories &
Mortana State Universiy to aid in composite materials seiecton for design, manufacture, G Do oy S
® performance. reisbility oparation, and maintenance.
& Improved education and avaiable design sssistance fo nclude smar
Deseed Outoome 1: Water Powsr Materials Database Development stk anal el 108 YepiNaia i A Eiions e ory

+  The pubic Water Power Technologies Materials Database wil provide MHK composite ~leg 4
performance data to aid in composte materials selection for design, manufacture, Long Term needs identified for the MHK indu:
performance. rekabilty. operation, and maintenance.

+  Advisement on addifional paramsters is nesded

+ A successful database will have the merits of the Wind Power Materials Database.

o [ onpeiaston e

Workshop Goal 1: Introduction to the Water Power Composite Materials Database.

Incorporate certification agencies with the DOE/SNL MHK efforts

Improve standardization across design and manufacturing for the MHK
industry
Improve biofouling and water uptake issues with material engineering
solutions

~

s 4 Advance modeling efforts to include fluid structure interaction. and coupled

presom) modeling of moisture uptake and laminate performance

5. Advanced manufacturing techniques o include on site assembly of MHK
devices

6. Manage, extend, and improve materials database organzation and

— content through user feedback

DOE-SNL-4SY Wind Composites Database szatistics from users who download performance data. 7, Develop structural health monitoring systems for MHK systeris

[ ]
[ ] [
& Workshop Goal 2: Identify Composite Related Barriers. Develop long term damage tolerant design and corresponding O+M
«  Participants will identify composite materials relsted manufacturing science and enpineering Ppractices.
o barriers that increase the cost of MHK construction, deployment, operation, mainenance, and . Develop full scale durabiity test facity including non-MHK subsea
relizbility industry needs

Desired Outoome 2: Direct Composites Development VS A e S

-

+  Successful identification will direct database performance dats and impact future resesrch

Nationa! Laboratory (Sandia Nations| Lsborstories, National Renswable Energy Laborstory) +/:Fighicost i duialopiks perfoining owh Jats

U.S_Naval Research Laboratory

u L that wil reduce costs and improve these critical areas. The following areas of conoem were determined if publis dta was not available
. I I n =2 B i PSR . m:ﬁ» :alqms leads to increased cost which leads to decreased
1. U.S. Department of Energy: EERE_ « Impacts from cost of energy, efficiency. increased mass, time to deploy.
2 MHK Wave (Columbia Power Technologies. Resoluts Marine Enerw; failure vil further delay industry.
3. MHK Tidal {Ocean Renewable Power Company, Aquantis Inc. + Repeated experimentation to increase confidence
4 + Hard fo do for fatigue analysis
5. Academic (Flosda At Universky, Mootana State Univarsiy) - - Aging situations {worthwhe to dtermine uncertainty on database)
)
z

o Standards
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