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Background

» Composites dominate construction of
small-to-medium length vessels (< 50 m)
—single digit CAGR (8 %)

> Little Upta ke on ShipS |Onger than 50 m Courtesy of Tuco Marine (FIBRESHIP partner) — ProZero range

of offshore/patrol/service FRP vessels (8-18 m)

» Main Reason: Lack of design guidelines
from certification bodies

» Main issues: Safety particularly Fire

» The trend in aviation (e.g. B787, A350)
demonstrates that extensive adoption of
composite technology in primary and
secondary structures is feasible

PROMARINE, OUEST composites SEMI RIGID Boat (JEC 2019)
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Challenge FISR=SHIPT

» Enhance acceptance of composites in primary structures of
ships >50m

» Recommend relevant changes in rules and regulations to
the responsible bodies

» Create a niche market opportunity for the manufacture of
large marine vessels in the EU

Light Commercial Vessels Passengers Special Services
transportation & Leisure

-

Representative

Container Vessel Representative Representative
ROPAX Fishing Research Vessel
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Response: FIBRESHIP FISR=SHIPT

* Engineering, production and life-cycle management for the complete
construction of large-length FIBRE-based SHIPs

/ CATEGORY | \ K CATEGORY Il \ / \

CATEGORY Il
Light Commercial Vessels Passengers Special Services
transportation & Leisure

* |nnovation Action

==

e Total budget: 11.0M€; EU
contribution: 8.7M€

Representative
UL bUdgEt. 0.72M€ Contanercsel T Representative
ROPAX Fishing Research Vessel
*RoRo vessel 3
: . : COMPASS SOERMAR S A o P
* Coordinator: TSI SL, Spain e = i) T8
— *Passenger vessel _ oo } e
:Lr\leGezer Vessel Register *Megayacht (@ .;l;s:liy; \\I,ZSSSSZI| @)
1 . *Wood Transportation i P
* Duration: 36 months from June py———

2017 N7 _/
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Partners FIB?:SHIP‘(

h

| Lo
« 18 partners, 11 countries www.anek.gr MARINE GROUP = WEEREE

~.$& Xblue

@ TWI
CIMNE‘; /// 4

* Naval architect/design/engineering
. COMPANY
companies: 4

1/ NAVROM
==/ SHIPYARD

@ssérmar
_‘/LV’T ! Ateknea

- Solutions

* European shipyards: 3

e Ship owners & operators: 4

* R&D organisations: 4

. .- . . g . . . RINA SERVICES
Classification/certification bodies: 3 kloyds COMPASS
egister wew.compassis.cam e
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Value Chain FISR=SHIPT

Entire Virlue Chaln & : R Lowd's {‘@) (‘d’\ CLASSIFICATION SOCIETIES |
Initial FIBRESHIP COMMUNITY . Regiter e o SAFETY & STRADARDUIZATION DISSENDAATION |
it t

__________ e S ————
i t
Design & S Lifecycle e
. b | , =
xﬁ :::: ‘V’-:‘Sms als Lngincering g?o‘gnsg management Dsnmlglgisi
& &> I t Tools T &% Explottation .
o S T s G |
L :: Ti$ .onx " T ’
CIMNE' Z " l| ------- =T |
i || " 1
J‘ Usﬁn. || COMPASS " :: gmﬂs‘ m‘ FOINICA] IrprEInG :
B o 1) S ﬁnca.n'nen { ==
% " 3 " H Haniznd st ekt
| @ Vear 1/RINavantia ; w danans |
ey |
({"’_“9*95_” SUPPLIER] | _ ENGINEERINGS _ 'L — —SHIPYARDS _ _ : \ _ seRvicesupPueasaovmeeRs _ _ _ _ _ )
R N R e B ™ e e P R R
z SR F= FIAG ADMENSTRATIONS& |
GIC/ N [ i IS e % om NATIONALASSQCIATIONS |

" Consortfum 18 portners R
Advisory ieard: 10 members ﬁ Salust i
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Timeline FISR=SHIPT

Expansioninnew . Attend H2020 event - - Proposal - Proposal
research areas make contact Stage 1 Stage 2
(Waterborne Transport)

~—— Acceptance — Kick-off

Oct 2015 Nov 2015 Jan 2016 Sep 2016 Jan 2017 Jun 2017

Bernal
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Impact FISR=SHIPX

Technical:

= Feasibility of the concept of a
composite large-length ship

=  Reduce fuel consumption by 10-15%

= Lower greenhouse gas emissions Safehaven marine 11-18 m

= |mprove ship stability and safety

Ly

=  Underwater noise reduction

= Reduce maintenance and life cycle
costs by 30%

Swedish Navy Visby > 70 m

=  Corrosion-free

Bernal
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Impact FISR=SHIPT

UL/Bernal/IComp:

Links with new academic partners

= Links with new industrial partners

= QOpportunities to join new consortia & funding bids

= Dissemination & visibility (e.g. Marine Trade Show — Seafest 2017, Galway;
Connecting Europe, Tallinn, Estonia)

= Expanding in a new research area

= Technology transfer from aerospace

Bernal : %
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Ourrolein FIBRESHIP FIz==sHIPZ

Involved in 4 work packages:

FIBRES[H[2

Exploitation

» Materials (WP 2)

» Production (WP 5)

. . Work Packages
» Large-scale Validation (WP 7)

» Dissemination & Exploitation (WP 9)

Bernal ¥% &
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Materials (WP 2) FISR=SHIPT

Which resins and reinforcements are viable solutions
for large marine vessels ?

considering....

e TRL

* fire retardancy

e processability

* economics

* recycling

* mechanical properties

e environmental resistance..

Demonstrator currently under construction
at iXblue showing laminate and sandwich
construction

Bernal
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Materials (WP 2) FISR=SHIPT

Which manufacturing processes are most suitable
for the manufacture of large marine vessels ?

considering....

scale involved

shipyard capabilities
investment required
future market

skilled workforce available
production rate

need to automate..

Composite ship block < 50 m long

Bernal

www.ul.ie
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Materials (WP 2) FISR=SHIPT

» Liquid resin infusion identified as most suitable

manufacturing technique.... familiar to ship yards, scalable, cost
effective, flexible, closed mould infusion process

» Matrix of infusible resin systems was drawn up

Curing
. . R Viscosity® Infusion time / Curing Post-cure
* 7 TS resin SyStemS — various # Class Resin (m:ie::ﬁo) (cP) Tool Temp (min/°C) Schedule schedule
chem Istry 1| Polyester SYNOLITE 100:1.5 80‘92;,9&'3 @ 24hr @RT | 16 hrs @ 40°C
2 | Vinylester BUFA 8500 100:2.5 300':2955 @ A(I:z't'::";’ 20/17.3 24hr@RT | 6hrs@80°C
. . . . . i
1infusible thermOpIaStlc resin g | Urethane | orcrapoL1210| 100:2:1:10 | VPSR @25°C Glass 11/21.1 1h at RT Not required
Acrylate (neat resin)
680 cP at 20°C GLASS
. 4 SR1125 100 : 14 305cP at 30°C |  (+ heated 40/19.9 16hrs @ 40°C | 8 hrs @ 80°C
. _ <P hrs
1 b|0 € poxy Epoxy 160 cP at 40°C Mat)
5 PRIME 27 100 : 28 190‘2?955 @ 24hr @RT | 7hrs @ 60°C
o Al commerually available (ngh 6 | Bio-epoxy | SUPERSAP CLR 100:33 300 cP @ 25°C A(':::'t';‘;r)“ 92/35 24hr @RT | 2hrs @ 120°C
TRL project 7 | Phenoli CELLOBOND 100 : 4 270cp @ 25°C | Aluminum 36/60 15mins@ 3hrs @ 80°C
Pro) ) enolic 12027X : P @ (heated) / 60°C @
8 | Acrylic (TP) ELIUM 150 100 : 2.5° 100¢P @ ;5 ¢ Glass 23/21.9 24 hr @ RT Not required
(neat resin) o

* All marketed as infusible

“values from TDS; ° 2 parts by weight of accelerator D (10% solution of dimethyaniline in styrene): 1 part by weight of accelerator G (1% cobalt

. - solution in styrene): 1 part by weight of peroxide catalyst (Trigonox 44B); © Benzoylperoxide Luperox A40FP-EZ9
* Fire retardant options

Bernal 3
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Materials (WP 2) FISR=SHIPT

Multi-stage down-selection (12 months)

Stage I:

Candidate materials
* Scoring Table devised based on relevant criteria including:
* Processability
* Fire performance (VTT)
* Mechanical properties
* Environmental resistance
* Cost
 Down selection agreed by partners

Stage Il:
* More extensive mechanical testing
* Fatigue testing

Bernal 5%
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Reinforcement FISR=SHIPT

Fibre Reinforcement suitable for infusion

* Non-crimp-fabric from Saertex

* Glass | Carbon | Basalt fibres

* Unidirectional with some 90° tows and PE
stitching (17 gsm)

* Fibre Sizing: Silane

(<< /
(KX Pp 0 P
> ; MRCRSRACC (M
¢ S

L

e

"/

* Fire retardant versions *
TR 0000,

:‘/w'f:‘@Wﬂ/ﬂﬂﬂﬂrhﬂlﬂfnhl | ‘hmnm\\w s)/ﬁ;}’kﬂ;{hf‘iﬁ]{fﬁlmimhhm

Glass Leo-Compatible Glass Carbon Basalt
Saertex U-E-996g/m? Saertex U-E-900g/m? Saertex U-C-314g/m? Basaltex BAS-UNI-350 g/m?

Bernal &
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Manufacture FISR=SHIPX

Preparation of Reinforcement for infusion

* NCF available on roles up to 4 m wide * All laminates nominally: 350 x 500 x 3 mm

* Cutting is automated (Not required by Shipyards !) e Lay-up: 0,¢ (4 layers of NCF in a UD configuration)

Bernal 5%
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Manufacture FISR=SHIPT

SITE SHIP

Liquid resin infusion

Vacuum Bag
Resin Sealant Tape To vacuum
Flow pump
E— | | —_—
o R e i
I Preform Peel-Ply Distribution
Mould Medium
Resin
Reservoir

Infusion, cure and post cure schedule in line with Infusion issue with one of fire retardant resin systems
manufacturers guidelines

Bernal ?
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Manufacture

Laminate Production

Coated Laminate Uncoated Laminate

& Bernal %
ONIVERSITY o L [nstitute

www.ul.ie



Laminate Production FISR=SHIPT

Urethane Acrylate

1

V;=57+0.3%
Epoxy

2
V; =58+3.0%
Bio-epoxy
3 V; = 600.6%

Phenolic

4
V; =58+0.4%
Acrylic (TP)

5
V; = 56+1.0%

All laminates nominally: 350 x 500 x 3 mm

& Bernal 3%
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Quality Control

. Cured Ply
Material Thickness FVF
VE 0.71 mm 52%
PE 0.73 mm 54%
EP 0.74 mm 53%
TP 0.72 mm 55%

Void Analysis (MS 0051)

10kV X507 - 500pm

x50

Bernal

Storage Modulus (MPa)
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FIBX=3HIP ¢
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Conditioning FISBR=SHIPT

e Various Media: Dry, Water,
diesel

e Partial saturation
* Fully saturated

* Fully Saturated followed by
Drying

Immersion Bath (Deionised water @ 35 °C)

e Effect on Tg and mechanical
properties

Bernal
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Data for Modelling FISR=SHIPT

Appendix E Stage | Stress-3irain Curves for 3-point bend test and Interlaminar shear tests
1000 7
= 500 f &
. z 2 o

* CIMNE responsible for - \ i
i A HY

. = # = 1

modelling data from WP 2 2L NS

[{}] JLEO flexure (ii) LEQ ILS

* Experimental data used /\}

for validation of models
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{iii) SR1125 flexure (iv) SR1125 ILS

* Models used in
computational structural
analysis/design software
developed by Compass T

FLEXURAL STRE MPA| FLEXURAL STRE MEA
EEE 88 - EEEBE B
IL STRESS [ MPA) lIL SHEAR STRESS (MP
aBEEEESRZE abBd3 8383
= 2
= ]
w = W
bl
g B ’
E (-
g - ~ g "
J B "
=z
= T
n w

COMPASS | 9
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Failure Analysis

e Qur first journal paper
compares x4 different
resins all with glass
reinforcement

* Exposed to water and
diesel for durations
indicated by classification
society

e Evaluated ILSS and
Flexural properties

e Examine failure modes
Bernal %%

UNIVERSITY of LIMERICK Instimt e

ILSS (MPa)

1200

Flexural Strength (MPa)
g 8 8 8

g

=

FIBX=3HIP ¢

EP VE PE TP
EP VE PE TP

mDry = Wet ®Flammable

www.ul.ie
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Failure Analysis

ILSS (MPa)

Vinylester Organic-Wet (108%)

1)
M
C
|

- - o & Midplane intratow crack at 0° and 90°
Midplane crack at 0° and 90° interface Midplane mtraﬁ:;’l;;izk a0 20 mnterface, interply (ply 1 —top ply —and 2)
and intraply cracks (ply 3)

& Bernal 3
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P

Failure Analysis .

ILSS (MPa)
S

EP VE PE

Thermoplastic Organic-Wet (96%)

M

: Intraply crack in second ply and interply
Matrix-dominated midplane crack Intraply cé%‘;t_ﬁ:;;gﬁ%iom top at crack between third and fourth plies from top
at fibre-matrix interface

Bernal S www.ul.ie

UNIVERSITY:I LIMERICK In 8 timt e



5

Failure Analysis

Vinylester Dry (100%) Vinylester Wet (101%) Vinylester Organic-Wet (97%)

* Water: No change in strength or modulus
* Diesel: < 10% reduction in strength and modulus

UNIVERSITY of LIMERICK IHStltU_t e www.ul.ie



1200

Failure Analysis -

(MP=)

.
3ptbend  TrE

mDry ®mWet ®Flammable

Epoxy Dry (100%)

Epoxy Organic-Wet (92%)

* Water: 19% reduction in strength | <5 % reduction in modulus

* Diesel: < 10% reduction in strength and modulus

& Bernal ¥
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Longer Term Immersion

60
50
40
©
oo
E 30
(75 ]
v
=
20
10
0
Dry 1 month 1 month 2 month 2 month 3 month 3 month
(Batch 1) immersion immersion + immersion immersion + immersion  immersion +

(Batch 2) dry (Batch 3) (Batch 4) dry (Batch 5) (Batch 6) dry (Batch 7)

FYP 2019: Aaron Reid, 14063379

Bernal @
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New Tooling FISR=SHIPT

» Laminate or Sandwich Panel

» Adjustable cavity

» Fixed cavity for better
tolerance

»\Vacuum or positive pressure

Bernal ¥% &

www.ul.ie
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Sandwich Panels FISR=SHIPI

» Single shot vacuum infusion

VE with
Balsa Core

>»480 x 480 mm x 26 mm

> Glass skins

> 25 mm thick core

VE with
PET Core

»No consumables/waste

MSc Project 2019

i Bernal %% &
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Sa ndWiCh Pa neI FISR=SHIPT
Manufacture

!
| [T

» Single shot infusion of sandwich panel

» Flexural Testing and Failure mode Analysis

& Bernal %45

www.ul.ie
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Fatigue

FIZR=SHIPY
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Fatigue xS

ai0 4

350 -- & @ Fibres parallel to the loading direction
500 1 T

] 3 @'@ @ Fibres Transverse to the loading direction
450 1 .
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Fatigue e S

700 5

650 -- ® ) @ Fibres parallel to the loading direction
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T 3550 + . @@ @ Data from DIN SPEC 91326:2016-09
o 3
vy 450 T S
vy E
o 400 B,
ool @ -

3 g B &

% 300 I @L%@—
= =01 e o @—
= ] @
< 200 } @
S g

150 T - ®

00 + . a

E @& @ Gy P a —

D : T T IIIIII: T T IIIIII: T T IIIIII: T T IIIII:.= T T IIIIII: T I@:IIIIIII= T T LB
10 100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000

NUMBER OF CYCLES (N)

Bernal 3

* oo www.ul.ie

UNIVERSIT\::’ LIMERICK In 8 timt e



Fatigue el

700 -

650 @ ©

600 T .. .
— OHT (Quasi-isotropic)
& :
S s00
A %507
% ]
= 400 T
2 301
S5 7 ,
2 300 % -
= . 5
< 250 %
< 1
> 200 7

150 1 —

100 §

03 o0
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10 100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000
NUMBER OF CYCLES (N)
© Fibres parallel to the loading direction © Fibres Transverse to the loading direction

© Benchmark - DIN 91326:2006-09 - Railway vehicle applications © Fibres Quasi-Isotropic to the loading direction
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Fatigue — future work  FIE===HIE<

1000~ 4 pt bending of thick laminates

i Cyclic tension

500+ . i
Cyclic compression

Cyclic tension—
compression
0

T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIIII T IIIIIII| T IIIIIII|
109 10! 102 103 104 10° 106 107
Cycles to failure

250

Maximum fatigue stress (MPa)

i Bernal %% &
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Future work FISR=SHIPT

Manufactured at Shipyards Manufactured at UL

* Thin laminate (3.5 mm) manufactured at UL
* Thick Laminate (20 mm) manufactured at ixBlue (France)

* Thick Laminate Testing to be performed at UL

B Bernal 3%

www.ul.ie

UNIVERSITY of LIMERICK I I'l 8 t imt e



Demonstrator FISR=SHIPT

iXblue

SISO HEZK

www.ul.ie



Main Outputs FISR=SHIP Y

* Rules and guidelines (Classification Societies)
* Catalogue of applicable materials (Classification Societies)

* Ship Block Demonstrator

Source: Fibreship Proposal

& Bernal 3%
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Progress so far.. FISR=SHIPT

v Madrid, June 2017 (kick-off)

v Athens, November 2017

v’ Faaborg, Denmark, October 2017 (Visit shipyard)
v Barcelona, March 2018

v' Cambridge/London, June 2018 (Workshop)

v’ Espoo, March 2017

v" Mid Term Review: Brussels, February 2019

* ixBlue, France June 2019

Bernal 5%
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Progress so far.. FISR=SHIP

» Responsible for two deliverables in WP2:

v’ First (D2.1) delivered end of May 2018
v’ Second (D2.3) delivered end of September 2018

v" Mid term review completed — Brussels Feb 2019

» Focus now on supporting:
= WP 5 (Production)
= WP 7 (Demonstrator Construction)
= WP 9 (Dissemination)

i Bernal %% &

www.ul.ie
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Dissemination FISR=SHIPT

18t EUROPEAN CONFERENCE
ON COMPOSITE MATERIALS

v' ECCM 18, Athens, Jul 2018 ECCM18

v' Thermosetting Resins 2018, Berlin, Sep 2018

v |CCS21, Bologna, Sep 2018
e MechComp, Lisbon, Jul 2019

* Sampe, Nantes, Sep 2019 ICC§21

2 1 International Conference 4-7 September
S on Composite Structures Bologna, Italy

* Marine Ageing, Brest, Aug 2019

Bernal ¥% &

www.ul.ie
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Journal Papers FISR=SHIPT

e Effect of Environmental Conditioning on the ILSS Properties of Thermosetting- and
Thermoplastic-Matrix Composite Materials by Resin Infusion for Marine
Applications — Submitted to Composites Part B: Engineering (Impact Factor 4.92)

e Effect of Environmental Conditioning on the Flexural Properties of Thermosetting-

and Thermoplastic-Matrix Composite Materials by Resin Infusion for Marine
Applications — targeting submission to Composites Part B: Engineering (Impact

Factor 4.92)

e Joint Publications also planned

Bernal °-,‘:-° www.ul.ie
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Some Featured Articles Fiz==sHIP7

/Y, =NGINEERS ENGINEERS

4

Ve IRELAND

* Engineers Ireland Journal

University of Limerick engineers are at the heart
of a shipbuilding revolution

Contact | Advertise |
26 September 2017

The Irish Composites = - SHOPPING CENTRES

L L]
* American Composites cvensts [
the FIBRESHIP EU Il CAR PARKS
initiative to manufacture

° ° ° the ships of the future,
M f A working to overcome
anutacturing Association e L
of constructing the
entire hull of large-
AC M A length ships in fibre-
reinforced polymer

materials

Manufacturing

* |rish Times -

i B BC ..http://www.bbc.com/future/story/2017091
8-the-ships-that-could-change-the-seas-forever

° AISO had presence at Marine Trade A Transformation in Shipbuilding
. Hetmanzulprecision Universal TN
Show — Seafest 2017, Galway; teie e 1)
Connecting Europe, Tallinn, Estonia ‘

Bernal &
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