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PONTTONS & BARGES  COMPONENTS

Annual turnover: € 1.8bn

41 yards worldwide

Over 6,000 employees

Annual deliveries: 160 vessels

More than 5,000 vessels delivered since 1969
Stock hulls: > 150

Over 1,500 repair jobs per year
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Damen Marine Components Gdansk, Poland
Brixham Marine Services, United Kingdom
Damen Shipyards Galati, Romania
AMERICAS

Damex, Cuba*

Wilson, Sons, Brasil **

MIDDLE EAST

Albwardy Marine Engneering, UAE"
Damen Shipyards Sharjah (FZE), UAE.*
Nakilat Damen Shipyards Qatar, Qatar*
AFRICA

Damen Shipyards Cape Town, South Africa
ASIA

Damen Marine Components Suthou, China
Damen Trading Suzhou, China

Damaen Yichang Shipyard, China*

Damen Shipyards Changde, China

Afai Southern Shipyard, China®*

Jiangsu Ganghua Shipyard Co. Ltd, China**
Damen Song Cam Shipyard, Vietnam

Song Cam Shipyard, Vietnam**

Song Tha Shipyard, Vietnam**

189 Shipyard, Vietnam**

Damen Shipyards Singapore, Sngapore

Damen Schelde Marine Services Singapore , Singapore

PT Dumas, Indonesia®®
PT Pal, Indonesia**
PT Steadfast Marine, Indonesia®

FOUNDED IN THE NETHER

DAMEN SHIPYARDS GROUP




Damen Schelde Naval Shipbuilding
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Composite research projects - DSNS

‘The Stone Age did not end because of lack of stones”
“‘Commercial’research projects: BESST & Groot Composiet

......

COMPOSITE

Schelde Naval Shipbuidine — This is a selection of projects, not a complete overview!



Composite research projects - DSNS

«  “Commercial”’ research projects
Projects:
BES

Follow-up project on:

DE-Light: “Complex lightweight modules for ships and railway using risk based design
methods” e g

Damen Schelde Naval Shipbuilding 08-10-2013



Composite research projects - DSNS

“commercial”

BESST-project: “Breakthrough in European Ship and Shipbuilding Technologies”

enetrtons etc.

W/ T

+ Fire protection = Full-scale flash-over fire on the DE-Light demonstrator
-> only passively protected. No active fire protection




Composite research projects - DSNS

“commercial”

BESST-project: “Breakthrough in European Ship and Shipbuilding Technologies”

+ Steel-composite connection is fully optimized and already applied on a real naval
ship (Indian project by Kockums) : |

+ Alternative stiffener system

+ Easier outfitting
* Reduced deck height
+ Fulfillment of strength and stiffness requirements




Composite research projects — DSNS

“commercial”

Groot composiet:“Failure modes of sandwich structures under dynamic out-of-plane

loads ” o |
71
+ Very detailed modeling in order to predict: Y -
+ Crack initiation in the matrix between the fibres Fibas bonkage -
+ Failure of the fibres ZT
» Delamination between the layers “i""’l“l o
+ Failure of the foam core R
o . . 717
Modeling will be validated by means of drop testing. —rr \| |
NLH 4

Also, all the material properties were determined by strictly following the test procedures
described in the corresponding norms and standards. It could be concluded that there is
a large discrepancy between the material data sheets of the supplier and the measured
properties.

Damen Schelde Naval Shipbuilding 03-10-2013



Composite research projects - DSNS

“naval/defence”

CONVINCE:

“Vulnerability Reduction Technologies for Large Maritime Composite Structures”

=
N <5 \5.4’.

Period: 2009-2013

Follow-up project on:

Euclid 3.8: “Composite Structures - Naval Application Technology”
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CONVINCE: Equivalent blast & fire resistance
of composite bulkheads

COping with Naval Vulnerability through INnovative Composite Engineering

National

NAVY
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SWEDEN
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Joint European Defence Agency project

CONVINCE




HARPOON-missile HIT Post-HIT damage

Steel Blast Bulkhead (BB)
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CONVINCE: Equivalent blast & fire resistance

of composite bulkheads

Halve scale blast tests at TNO

U o Fe
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441.200 == 5000 fps

Problem: passive fire protection does not survive blast YET!

Fire resistance?!?

active fire protection? TBD

Damen Schelde Naval Shipbuilding 08-10-2013 10



CONVINCE: Equivalent blast & fire resistance D'lh-l

of composite bulkheads

Design fire scenarios = Peace-time scenarios + Weapon-induced scenarios

Peace-time scenario

- external fires: helicopter re-fuelling, helicopter crash, replenishment
- hangar fire
- interior fires: classic cases according to SOLAS

Lessonslearned inotherprojects (~ BESST, ...)

Weapon-induced scenario
- burning propellant from an un-detonated missile (~ hydro-carbon fire)
- fires initiated by weapon impact (~ big fire combined with large damage)

ASSUMPTION = fragments are not considered as fire ignition source, butonly as a
damage source to fire protection systems, components and structures.

Tt
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Composite research projects - DSNS BIAR=M
“naval/defence”

Hardcore-project: fire and fragment resistant blast bulkhead

Cal PSP
o PS1 SOCAlFSP  soCalFsp  elal PSP 22
e wishit  Mlatback  wiSknt  wiSkin

Fragment
protection

Various protective concepts, utilizing different materials, were developed and tested, as
to create comparative results.




Questions at the end of presentation

1 2

Birth Y Evaluate
Form question in Is it a reasonable
your mind & question?

4
y 3 4
' Remember Courage

6 Until you can ‘ To ask the
ask the question question out loud

Power of the Mk 48 Torpedo

Damen Schelde Naval Shipbuilding 08-10-2013 13



Damen Shipyards

Damen Shipyards

Contents

An overview of composite products and

technologies at Damen from past to future




D"hﬂE‘l Damen Shipyards

1960’s-80’s: Patrol vessels & Tenders

Introduction of composites at the yard

Production processes
= Hand lamination
Assembly processes
= Lamination
Structures
= Plywood stiffeners
= Robust solid laminate
= First experiments with sandwich laminates




D“nnE'I Damen Shipyards

2000’s-2010: Fast Crew Suppliers & Patrol vessels

External production and engineering

Production processes

= MDF plugs

= Spray up

= Core bonding

= Hand lamination
Assembly processes

= Lamination

= |Introduction of bonding
Structures

= Sandwich & solid laminates




Dnnnsnl Damen Shipyards

2010 - Now: Fast Crew Suppliers

Worldwide production based on previous experience &
Enhanced external and internal engineering capabilities

Production processes
= Vacuum infusion of sandwiches
Assembly processes
= Bonding
Structures
= Mainly sandwich laminates
= Bonded stiffeners
Analysis
= FEA analysis natural frequencies



Fundamental and applied research & development
Collaboration and built up experience

Production processes
* Moulding all composit
* CNC milled foam plugs
Assembly processes
. Bc:ndmg of complete stiffening structures
= Very tight tolerances
Structures
* Fully orthotropic laminates
* Bonded stiffeners
* Hybnd laminates

ch

> components including fran

Damen Shipyards

2010 — Now: Interceptors




Damen Shipyards

2010 — Now: Pilot vessels & Passenger ferries

Industrialization & scale up

Production processes

= Vacuum infusion of large hull sections
Assembly processes

= Bonding of complete stiffening structures
Structures

= Bonded stiffeners

= Carbon fiber

= Fully orthotropic laminates
Analysis

= FEA full structures, sound & vibrations




Damen Shipyards

2013: Rescue vessels

Prototyping and advanced production processes

Production processes
« RTM
= |nfusion
= Pultrusions

Assembl YV processes
* Underwater adhesive applications

Analysis
« FEA Structural details with solid cores
= FEAFIn breakage




D“hﬂE‘l Damen Shipyards

2013 - Now: Small passenger Ferries & Fast Crew Suppliers

Focus on production, industrialization & mass customization

Production processes
= Design for production
= |nfusion
= RTM
Assembly processes
= Design for assembly
= Modular assembly process
Structures
= Fire resistance certification according to EC
= Design for cost




Enhanced scale & weight management

= Production processes
= Full CFRP technology
= 3D Infusion
= Assembly processes
= Focus on weight
= Structures
= Full structural weight optimization
= Advanced robustness analysis and insight

Damen Shipyards

Now-Future: Large carbon ferries




Damen Shipyards

Overview

Damen Gorinchem Composite Products overview

Recently built Under construction
DFF1004: Carbon fiber = SAR1306: Superstructure
DI 1102: Glass/carbon fiber hybrnd | =  SPi 2205: Glass fiber

«  FCS 1204: Superstructure
FCS 1605: Superstructure

«  FCS5 1905: Superstructure

In development Requests
«  FCS 1605: Glass fiber = Fast Femmes up to 45 m: Carbon fiber

Modular Waterbus: Glass fiber




I ER CONTACT PARTICULARS

DAMEN SHIPYARDS GORINCHEM
P.O.Box 1

4200 AA GORINCHEM

The Netherlands

Phone +31 (0) 183 63 99 11
Fax +31 (0) 183 63 21 89
E-mall info@damen.nl
Website www.damen.nl

STANDARD OF EXCELLENCE
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