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Materials Challenges for Marine
Renewables tabegallandltodes

Proper structural/component materials and coatings are critical to reducing engineering

barriers, COE, and commercialization time.

Design Challenge: Several Design Configurations

& Operational Conditions
Pointahorber

Piave Gertion Pt*

Reciprmating Device.

-Oscillating Hydrofoil

Coating & Environmental Challenges
Corrosion Biofouling Joined Materials

http://www.racerocks.ca/

Courtesy of Resolute Marine Energy

Adhesive

joint beams

Significant Periodic Loading:

• Interaction with PTO & Control System

• Site Conditions
• IEC Design Standard (Fatigue/Ultimate)

Composites Research Needed
We are here

Composite material
selection, architecture,

structural performance,
and design.

We are here

Hernandez-

Sanchez

et al

13th EWTEC

Proceedings

Mechanical Loading,
fatigue and static

loading, damage
propagation,

Environmental expostge,
diffusion, mass uptake,*\

and degradation
We are here

But can we get here??
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Materials Can Impact Cost and... labegatodesilatbnalStindia

• Structure costs

• Designs and manufacture

• Accelerate manufacturing or
Advanced manufacturing strategies

• Testing of novel materials or materials
from marine industries to reduce risk

• Open water testing on materials for
validation

• Reliability & Survivability

• Operation & Maintenance

• Certification & Safety
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AquaHarmonics

MHK Designs Exploring
Composite Materials

Ocean Renewable Power Company

Columbia Power Technologies

Resolute Marine Energy

All Photos Obtained From Company Websites and Literature References
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Scott Hughes:

Substructure

Testing

NAT.ONAL REnEVABLE ENEher LAGOtrATCWV

Materials Team

George Bonheyo:

Biofouling
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David Miller:

Composite Performance
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Francisco

Presuel-

Moreno:

Corrosion

Bernadette A. Hernandez-Sanchez: (PI)

Materials Chemistry

Budi Gunawan: Loads & FBG Sensors
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Coupons
provided by:

Composites

Engineering

Research Lab

Composites

Technology

Development,

Hygrateck,

Janicki,

Industries,

Polyone,

Ocean

Renewable

Power

Company

Verdant

US MHK Composites Program
FY17 FY18

Metal — Carbon Fiber
Composite Interconnects in

Seawater

Salt Water Effects on
Composite Performance

Testing

Industry directed sub scale
elements & joined coupon

Biofouling & Environmental fabrication/testing
Effects on Composites (Artificial & Actual Seawater)

FAU UNIVERSITY
FLORIDA ATLANTIC

Test Article

(test duration)

Pacific Northwest
NATIONAL LABORATORY

(E) labegaillikes
FY19-20

Industry directed full scale
subcomponent testing

(Artificial & Actual Seawater)

Complete Structures

Full-scale Components

Sub-scale Elemen s

Coupons

WEAMEC
irraretal

in Pa, de Is Lake
FOR MANE ENERGY

Structures

of Interest
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Environmental Effects on
Composites

Corrosion can occur on metals connected to

carbon fiber composite materials (i.e., CF

composite to metal interconnects).

.•!

WD mag HV Oat
99mm 1000 e20001,VISD

Calcareous deposit from

corrosion study

CF/VE8084 + anode

Corrosion Studies on Connections
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Biofouling Studies on Composites & Coatings

MRE relevant

Velocities

0.1 m/S and

2.6 m/s

0-22 month

Exposures
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Building Block Approach to
Structural Validation

Coupon Performance

MSU
Matetial
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0121 Fiber Matrix Layup Type Group

A Glass Thermoset Quasi-lsotropic D

B Carbon Thermoset Quasi-isotropic

C Hybrid Thermoset [45/-45/0]s
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Glass

E

Matrix Type Layup Type
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Thermoplastic [0/90]n
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Building Block Approach to
Structural Validation

Subcomponent Fabrication
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MHK Databases
Wind & Water Materials

and Structures
0 tdim'grinaboratones Energy & Climate

Stationary Power Climate & Earth SyStetris TranSpOrtatiOn Energy

MHK & Wind Materials Database

Bla Materials &

ILS sting Database

Energy Resear, cr., EC

WOW r Stalatalayattael i Den& Downie Setetry TetnnoleseDenaneseet
Seam.. aleareis VAIna WSW. riatata.

The U S Department of Energy Wind and Water Power TeChnOlOgy Office has funded Sand. National LiboritOrler and its

panne, Montane State University, to conduci extensne testing and analysis on wind turbine blades and matenals Ice
marine Indrokirient 060410 devices in support of the industry and research cononumNes.

The results of over 16,000 tests on 500 materials ,,since 1989 for wind. and more recently for water, have been compiled

and publeshed annually in a public database along with numerous technrcal publications analyzng the km trends and

techrual results of the teM.Supportmg publications can be found at the Ccmoustte rechnolopes Porearch Group at

Moncsna State Unnersay

In order to better underhand the users of the database. soliot feedback on potential Improvements, end notify users of

updata, we are requesting some boor information in the form below If ono woufd like to provide feedback or

suggestions on future database releases_ please email your comments to.

Wind Database Brian Naughton — braughogsandia

MVO( Database Bernadette Hernandez— bahermasendia gov

Wind & Water Materials and Structures Database Download

Statetaart Serer

< Waren,'

<wind En..

SWrr Temea

t manuale aelrabile, fi stsedeid,

Offshore med

a kinp and gamer SIrtiernan

een./ Programs

Parmer.hre Ogeonunmes

Pewereet

< wind soiree. ...bed.

CAMS safteare neentned

Sandie WintiTuabew wads

Reese complete Me form below to download the database file Database

Name. Wed Erie, Wastsbesa

http://energy.sandia.gov/energy/renewable-
energy/water-power/technology-
development/advanced-materials/mhk-materials-
database/
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Open EI
Open Energy Infonnation

https://openei.org/wiki/Main_Page

https://tethys.pnnl.gov/
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Database:
Benefits: Open Source, Industry Advised, Backed with Publications.

North-West Europe

2%

Country

MONTANA
  STATE UNIVERSITY
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o United States
o United Kingdom
o China
o India
• Ireland
o Spain
• Italy
• Germany
o France
❑ Brazil
• Canada
• Denmark
o Japan
o Iran
❑ South Korea
o Argentina
• Saudi Arabia
o Greece
• Singapore
• Indonesia
• Turkey
o Brunei
• Russia

E

User Type

Individual
6°/;\

Consulta
nt
12%

School
34%

Manufacturer
28%

Pacific Northwest
NATIONAL LABORATORY

Institution

Marine
4%

Aerlooso/poalce

WEAMEC
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Future

"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

it MONTANA
STATE UNIVERSITY

EAU FLORIDA ATLANTIC
UNIVERSITY

EL
NATIONAL RENtwASLE ENCrtGv LAMM:may

2016 Marine Energy Technology Symposium

MARINE AND HYDROKINETIC (MHK)
ENERGY COMPOSITES DATABASE
WORKSHOP

kiikaY =I= 0 cel

Bernadette A Hernandez-SanCtieZ,

Tenothy N. Lambed, Brian Naughton

Sandra National LabOratOned

David

Montana State UniVereity

42712016

INTRODUCTION

The Marne and Hydrokinetic (NM) Energy Composites
Database Workshop was held on May 13-14. 2015 at Sandra
Natrona/ labaharies n Ate:teeny.. New Ms. Participants
were tasked ro identify heat are the ore. cernposite
watenals related needs that must be areirmsed hw the ktice
Energy treasny to have success im thee device, design.
manufactura operation. maintenance. end reliability,
Attendees represented INHK wave and lida1 deeire
manufactures. compos. industry academic national
laboratory, and U S. Naval perspectives The paper
summarizes the workshop goals and resifts.

Tlks terorday workshop was used to identify what ere He
camposke materials related needs that mcet be addressed fce
Me MHK Energy Industry to have success. To ad in these
dectlicia. the workshop par-tape. focused on the Wow,
activities to direct composite ina.ves

Workshop Goal 1: Introduction to he Water Power Composite Materials Dahlias.

• Data e bang collected on 18110 Composite Performance by Sandia Naboeal Laboratones
Montana State Universny to aid in composite materials seacbon for design manufacture.

relabley. Opera.. and maintenance.

O.sed Ocecorne 1. Water Power Matenals Datacese 12.eropment

• The picert Water Power Technologes Materials Database will provide MHK cameos.
performance data to aid in composrte materials selectan foe design. manufacture,
pece.ceuce oceacelity. Operation. and maintenance.

• AMmement an additional parameters rs neceed.

• A airmssful database dal have the merits of Me Wind Power Materials Dalant.,

DOE-511L-1/541 Wind Carriposiow Grabese samaras from as... crowhoad performance law.

Workshop Goal Or Identify Composite Relahd Barriers.

• Participants will identify can.sile materiels related manufacturing stience and engineering
barriers Mat increase Me cost of MISKcenstruction. depleyrnent, apeman. mantenancie. and
reliablliry

Oessed Outcome I Direct Composites Development.

• Successful identification will direct datebase perrermanoe data and cepacl future research
Mat . reduce co...prove these cr.al areas.

me <Weu workshop attendees represented he following controunMesr
1. U.& Department al Energy: EERE
2. WIC Wave (Calumbia Power Technoagies. Resolute Marine Energy)
3. MIIK Thal (Ocean Renewable POW. Company. 
4. Campos. Industry (firs... Inc.. Jennie Industries. PPG Industries. Seed,

& Atlantic University. Montana State Unreality)

0 NatOnal Laboreary (Saes. National Ur:oratories N.01131Reneirable Energy Latieratorry

U 5 Naval Researce Laboratory 

WORKSHOP OUTCOMES

Outcernes of the workshop Identified key areas for future research
needs. and were divided na Short Tarn Mid-Term and Long Tenn goals

Short term needs identified . the LINK inclus.

1 finer.. Loads 8 Tolerances for de..

2 S.rated t.engleantenance sanedures for &mi.

3 Meaner... ads for MRK den.

4 Cores and connections R8 D

S. Improved relationships terween manufacturers and suppliers

O. Rabble database of composite ratenti properties.

7 Leverage ticelanties Oita. sr...pries. piers and. waterfront
structures m terms of case studies

laddenn needs identified for Me MON industry

1 Expanded mate. praierees ncluded into the dalabase

2_ Expanded resear. ce w.r uphke eifects on substructures and
loadea elements

3. Increase development of bafouling agen6 specific to kW devices

4 Develop tong temn damage tolerant desdn and correspondng OoM
practices

5. Expand Me types of items tested to include ...es. substructures.
coaangs

Expand the types of tests to include [ydc pressure eirene. crereP.
coatings. fuO scaie lestrd. mood ard critical failure anarysis. complex
shapes, and effects dd.. on laminates

Oevetepirment of robust quality management systems for manufacturing
MIM devices

8 Improved education and availaNe design assistance to strilude smart
structures anabacal model improvements. and faligoe predictions

bona Tenn needs identified for the MIK industry

1. Inca-ear. cart...on agentres wrth tne DO&SNL MFIK eft.

2. Improve staceardeaton across desgn and manufacturing for Me NH,
industry

3 Improve brefoul, and water uptake issues wce meaner engineenne
solceees

1. Advanoe modeling efforts to include fluid structure interaction. Nil coupled
modeling dn.Nre uptake and laminate performance

)- 5. Advanced manufacturing tecenaues to rnolude on see assembly el Me,
devices

O. Manage. emend. and irnprove materials database organization ens
niece. gh re cheek

7. Develop structurel heath monitor, systems for OW systems

& Develop long berm damage tceerant design and corresponding Cried
practices

e Develep full scare durabary rest henry =luting non.. Selmea
industry reeds

Penalties WWI Havinnt Datelaase

The following areas of concern were d.rmrned if public data vas not available
• fnre.ed margins leads to incireased cast which leads M decrees.

pedolvnarde.
• Impacts frorn con of energy. efficiency increased mass. Orme to deploy

failure eall further delay industry.
• Rep.tetl expenmentaton to increase confidence
• Hance° do for fatigue analysis
• Aging shalions loom..ie w detennine uncertainty on database)
• eion onst deceiocers performrig own tece
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