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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:

e Interaction with PTO & Control System

e Site Conditions

» |EC Design Standard (Fatigue/Ultimate)

Coating & Environmental Challenges
Corrosmn Biofouling Joined Materials
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http://www.racerocks.ca/

Courtesy of Resolute Marine Energy

Composites Research Needed

We are here

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

Environmental expostre,
diffusion, mass uptake, ™.,
and degradation

We are here

Mechanical Loading,
fatigue and static
loading, damage
propagation,

We are here

" But can we get here??
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e Structure

* Designs and manufacture

DOE Reference Model Project

» Accelerate manufacturing or Advanced

Materials Can Impact Cost and...

manufacturing strategies —
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 Testing of novel materials or materials from
marine industries to reduce risk

Accelerating
marine energy

» Open water testing on materials for
validation

* Reliability & Survivability
* Operation & Maintenance
* Certification & Safety
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Corrosion can occur on metals connected to
carbon fiber composite materials (i.e., CF
composite to metal interconnects).

LY 42 LA

Calcareous deposit from

corrosion study MRE relevant

CF/VES084 + anode Velocities
) or Stud c y 0.1 m/S and
orrosion studies on vonnections 2.6 m/s
0-22 month
Exposures
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Building Block Approach to
Structural Validation

Coupon Performance

Average Longitudinal Direction Transverse Direction
MsD La ‘s?af:i: %
Material L toats | Moisture | oo | UTS, | % E | urs, | %
o 7 MPa strain GPa MPa strain
o

0 56,1 786 | 138 | 107 | 983 | 3.7

CEL 402 12 383 787 | 135 | 854 | 685 | 184
. 0 518 | 773 | 140 | 902 | 833 | 326

CE2 38 133 553 735 | 130 | 779 | 589 | 184
0 541 75 | 143 | 996 | 953 | 367

53 [V/(+/-45)g/0c]s 407 1.1 52.1 691 131 | 862 68 1.92
0 537 | 774 | 136 | 891 | 839 | 369

ch vl 12 53,1 712 | 130 | 818 | 605 | 182
- S 0 565 | 733 | 129 | 969 | 778 | 354
- e 579 | 695 | 15 | 805 | 636 | 205

— 0 350 | 695 | 260 | 120 | 105 | 252

CE6 [VIO/A5/45/0/V] 423 0.36 287 590 | 236 | 166 | 126 | 2.6

Hybrid carbon & glass thermoset: moisture
diffusion affects mechanical behavior
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Degradation in strength & increase in failure strain
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Corrosion Studies on Connections

Joined Material Load Behavior

Dry Composites - Wet Composites . Corroded Compoitos
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MHK Databases (’E i
Wind & Water Materials
and Structures / \

European Reglonal Development Fund

Energy & Climate | swesssamsesres cus

Stationary Power Climate & Earth Systems Transportation Energy Energy Research About EC
MHCS W d Matariale Tt b Home ; Stationary Fowsr | Enargy Cenvarsian EMickncy | Watar Pawer: | Technalogy Daveloproant
MHK & Wind Materials Database Advancad Matortals | AB & Wind Materafs Dataisca
= Swtianary Power

Open Energy Information

| \ittpE//Openei.org/wiki/Main_Page/

& Wind Ener
£ « SWIFT Facility &
< Rot:
o i
T dia National Laboratories and its
pa bine biades and materials for <o
m BHKY
s
& resul and iled
and pul nds ant 5
techni g
. Barinership Oppartunities
lontana State Universiy.
) " < Rescures:
n order to ler: the users of the database, solict feedback on tential i wements, and notify users of
updates, weare requestin elow. If you would like to provide feedback or < Wind Saftuare Dawnlazds
] 1ons on futu LI imendts to:
ACTUS Saftware Dowalasd
Wind Database’ Brian Naughten — bnaugh@sandia gou
MHK Datahase: Bernadette Hemandez — baherna@mzndia 2o =
Wind & Water Materials and Structures Database Download
Sandia Wind Turbine Loads
Pizase complete the form below to downioad the database file. Dmtabiace
Name * < Wind Energy Workshops

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

development/advanced-materials/mhk-materials- \\ /
database/
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OPIN Materials & Structures Database: laortoes
Benefits: Open Source, Industry Advised, Backed with Publications.
Country Institution
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B lreland

B Spain

Ital
:Gael)'lmany User Type

mFrance

E Brazil

B Canada

B Denmark
OJapan

Olran

O South Korea
OArgentina

B Saudi Arabia
o Greece

m Singapore

B Indonesia

@ Turkey
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mRussia
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“Provide a better understanding of the
materials science and engineering of
composites to avoid costly redesigns.”

* Material Studies:
* Explore Mid to Long Term Needs
Advanced Manufacturing
« Structural Health

* Collaborations: Yes!
* Deployment Sites
Validation
» Standards
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STATE UNIVERSITY
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2016 Marine Energy Technology Symposium

MARINE AND HYDROKINETIC (MHK)

ENERGY COMPOSITES DATABASE

WORKSHOP
Inboratories
INTRODUCTION

s rer Energy Effciéncy &
ERGY | Rencwabie Enorgy

The Marne and Hydrainetic (MHK) Energy Comgasites
Dstabsss Warkshap was held on May 1314, 2015 =t Sandi
Nationsl Laiarstories in Albuguarque, Mew Mexica. Partcipants
wers tasked to idenify “What are the crificsi composis
materials related nesds that must be addressed for the MHK
Energy Indusiry to have scosss n thew devioe's design.
manifacture, opersion. mamienance. snd  rlsbilty?
repressrisd MHK wave snd tdsl devics
manufactures,  composites indusy,  scadsmis, mstional
and US. Mavsl perspeciives This paper

als and results.

Images of warkshop
participant.
Represemstives
from wave & tusl
enargy. composites
indusry, academic,
nasional
laborarories.  and
Naval laboratories
are shown here.

This two-day workshop was ussd o identfy what are the
composite materials related needs that must be addressed for
e MHK Energy Industry to have success. To aid in these
decisions, the workshop participants focused on the following
activites to diract composite initistives.
‘Workshap Goal 1: Introduction to the Water Power Composits Materizls Database.
Data is being collected on MHK Compasite Performance by Sandis Nationa! Laboratories &
Montana Stata University to aid in composite matesials selection for design, manufscture,
performance, refability, eperation, and maintenance.
Dasired Qutoome 1: Water Power Materials Database Development

The pubic Water Powsr Technologies Materizls Datshase wil pmue M compeate
performance data to aid in composte materisls selection for desi

WORKSHOFP QUTCOMES

Bemadette A. Hemandez-Sanchez,
Timothy N. Lambert, Brian Naughton

Sandia National Laboratories
David A. Miller

Montana State University

Outcomes of the workshop identifisd key arsas for futre research

needs, and were divided into Short Term. Mid-Term and Long Term goals.

Short term needs identified for the MHK industry

1. Improved Loads & Tolerances for devices

2. Satusated tesingMaintenance schedules for devioss

3. Material selection aids for MHK devices

4. Cores and connections R&D

5. Improvad reistianships betwaen manufacturers and suppliers
: H

7

Leverage similarities in . submarines, piers and, waterfront
structures in terms of case studies

Mid-term needs identified for the MHK industry

L

1. Expanded material properiies included into the database

2 Expanded ressarch of water uptske effects on substructures and
loaded slements

2 Increase development of biofouling agents specific ta MHK devices
£ Deusiop long term damage tolerant design and comesponding O+M
practices

5. Expand the types of itams tasted to inchude adhesives. substructures,
coatings

8. Expand the types of fesis 1o include cycic prassure sfiects,
coutings, full Ate taaing, impact and crical falre anabyst, Sompi
shapes, and efizcis of defects on laminates

D y systems for
of MHE devices
2 d education and available design assistance to include smart

structures, analylical model imgrovements. and fatigus predictions

ong Term needs identified for the MHK industry

performance. remnny operation, and maintenance.
Advisement on additional parameters is nesded

Asuccessiul database will have the merits of the Wind Powsr Materials Database.
Povemsesere e

"

Incorporate cerfification agencies with the DOE/SNL MHK effaris

Improve standardization across design and manufacturing for the MHK
industry

Improve bigfouling and water uptske issues with material enginesring
solutions

Advance modeling efforts to include fluid stucture inferacion, and coupled
modeling of motsture uplake and laminate performance

Advances manufacturing techniques to inciude on site assembly of MHK
devices

Manage, =xend, and improve materisls dstabase organization and

DOE-SNLMSU Wind C
Workshop Goal 2 Identify Composite Related Barriers,
+ Participants will identily composite materals related manufaciuring science and engineering

barriers that increase the cost af MHK construction, deployment, operation, maintenance, and
relbility

Diesired Outcome 2: Direct Composites Development

Suceessul identification will dirzct database performanos dats and impact futurs research
thzt will reduce costs and improvs thess eritical areas.

The diverse the following

115 Department of Energy: EERE,

wha download, darm.

=

Davelop structural heslih manroring systems for MHK systems

Develop long term damage tolerant design and corresponding O+M
practices

Develop full scale durabiity test faciity including nonMHK subsea
industry needs

Penalties of Mot Having A Datsbase

The following areas of concemn were determined if pubhi dats was not available.

Increased margins fzads to increased cost which leads fo decressed
performance.

+ Impacts from cost of energy, eficiency. increased mass, fime o deploy,

1
2 Wave (Columbis Power Technalogiss, Resolute Marine Energy) failure vl further defay industry.
5 Tidal (O Fowrer . Aguaniisinc.) + Repeated expenmentation to increase confidence
4. Composites Industry (Ershigs, Inc., Janicki Industries, PPG Industries, Saertex + Hard te do for fatigus analysiz ) )
5 Academio (Flosda Allanic Unversity, Moniana State University) + Aging shustions (worthhie to detarmine uncansinty on dstabase)
8. National Laboratory (Sandia Mational Lborstories. Nationsl Renzwable Energy Lsborstory) =/ Highioactin deyelopars, porforming oun fesh
7.5 Nausl Resarch Laboratory
e
Pt .

::NREL
= Pacific Northwest

NATIONAL LABORATORY

WEAMEC

InP L
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