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1 Glass reinforcement:
Two materials are supplied for the project. One is a non-woven unidirectional glass rovings with a
minor amount of off-axis reinforcement. The other is a non-woven glass roving in 2 layers, - one layer
in +45° and one layer in -45° (biaxial material). The reinforcement is stitch-bonded with PES yarn. A
datasheet for the main glass reinforcement is provided in Appendix B.

2 Unidirectional reinforcement material (1258 g/m?):

Id | Layer Unit 1 2 3 Stitching
2.1 | Fibre orientation ° 01 9043 Chopped i

(alignment) (warp) (weft) Strand Mat
2.2 | Nominal area weight g/m? 1150 50 50 8
2.3 | Material type - E-glass E-glass E-glass PES sizing
free

2.4 | Filament diameter :m 17 17 17 -

2.5 | Roving type - PPG 2002 - - -

2.6 | Resin compatibility* - UP, EP, VE UP,EP,VE | UP,EP,VE |-

* UP: unsaturated polyester, EP: epoxy, VE: vinylester.

2 Biaxial reinforcement material (810 g/m?)

Non-woven stitch-bonded (chain) glass rovings in 2 layers, - one layer in +45° and one layer in -45°.

Id Layer Unit 1 2 3 4 Stitching
2.1 Fibre orientation ° -45 +45 0 90 -
2.2 Nominal area weight | g/m? 400 400 2 2 6
2.3 Material type - E-glass E-glass E-glass E-glass PES sizing
free
24 Filament diameter 'm 17 17 17 17 -
2.5 Roving type - PPG2002 | PPG2002 |- - -
2.6 Resin compatibility | - UP, EP, UP, EP, UP, EP, UP, EP, -
VE VE VE VE
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3 Resin

Prime 20 from SP Systems mixed with slow hardener. Data sheet shown in Appendix A. Mix ratio by
weight 100:25.

4 Laminate and processing:
The dry laminate package is infused with epoxy resin by vacuum assisted resin transfer moulding.
Laminate is post-cured at 80 °C for 4 hours.

Unidirectional material:

Fibre content by weight: 73 + 3 wt %

Fibre content by volume: 55 + 3 %.

Average thickness of one layer of laminate: 0.88 mm.

Biaxial material ( #45°):

Fibre content by weight: 70 + 3 wt %.

Fibre content by volume: 52 + 3 %.

Average thickness of one layer of laminate: 0.61 mm.

The variation in fibre content by weight is more pronounced for thin laminates, whereas for thicker
laminates the variation will be smaller (in the order of 1.5 wt %). Therefore, also thickness of plates
may vary accordingly to variation in fibre content by weight.

Combinations of unidirectional and multi-directional material can be manufactured according to
requirements from the Task groups. Surface of the laminates will as standard be manufactured with a
peel-ply surface giving a thin slightly rough resin rich surface promoting a more stable attachment of
extensometers.
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5. Laminate quality

Before shipment of specimens the following items are measured at LM and compared to the stated
acceptance criteria:

Id | Property Unit | Accept criterion
5.1 | Glass transition temperature (DSC) °C >80
5.2 | Void content* vol% | <3
5.3 | Glass content* vol% | Measured and compared to limits for actual lay-up
wt%
5.4 | Resin content* vol% | Measured and compared to limits for actual lay-up
5.5 | Tensile strength MPa | Measured and compared with properties measured
o during reference tests.
Tensile stiffness MPa
Tensil . fail % 6 tensile specimens cut in main fibre direction
ensile strain-to-failure | (reference geometry t.b.d.).
5.6 | Interlaminar shear strength (Short beam | MPa | Measured and compared with properties measured
shear test) during reference tests.
6 ILSS specimens cut in main fibre direction (reference
geometry t.b.d.).
5.7 | Straightness of specimens ° 1

*ASTM D2584.

6. Links to datasheets
Link to data sheets in PDF format:

Resin (Appendix A):
SP Systems - Product Information - Laminating Systems

Fibre (Appendix B):

PPG 2002 fibre:

http://www.ppg.com/fgs _main/ftp/rp/thermoset/europe/2002.pdf
E-glass properties:
http://www.ppg.com/fgs_main/product_overview.htm
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Appendix A: Resin system.

PRIME™ 20

Epoxy Infusion System

Vory low viscosity
Variable infusion times
Lloyds and Germanischer Lloyds approved

SF PENE™ 20 & an epcoy infusion resin Irom 5P Systens spacilically
dosigred or use in @ varicty of msininkeion processas including ATKL
SCHIMF™ ard RIFT. k has a vany low mised viscosity and long working
time, aliwing large parts with complex reinlacemanis ko be infused
successidly nona aperation. |t has an axceplionally kw axabam
characlongtic, which alows thick sactiors 1o be marufachured withaul
rizk al premizbura golation dua to axcthermic kempamabre risos. Tha low
expthem ako halps to cutand the lika ol mould toaks.

PRIME™ 20 has boan used sucoesiully for the sigle-operation
mesdding of componanis ranging in siza from namow carbon yacht
miasts, k3 33" yachl huls, Ndewslops sucellert mecharical and physcal
propertizs from modombe (537C) posteunes, crabling laminate propsr-
ties ta be produced whidh lie bolween thosa ablained by hard-
lamination, and hose chiained by kw-lonperalun cure propreg
PICCESSES.

PRIME =0 is avmiable with a Standard Harderer, for small o medien
size parts, and a Skow Harderer for lame pans. & Fagt Harderer is
svailable bo increasa ha spaad of the Standard Hardereer, whila ha
speed ol the Slow Hardonar can ba incraased by partial substilution ol
Slandard Hardanatr  This anablas the gaktima of the resinte be malchad
b the requined infusion imo ol any paticular siea of moulded pan.

P2 R0
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PRIME™ 20

Availability
Hardener Size OrlerCole
Ofky Fast Fle-I0g
0&kg Stardard Fa[HI40
Resin Size Order Cude O&ky She FlaHI1
kg Resin Fi B D Thiky Fast Fa[HI{E
30ky Resin F EI- 105 Thiky Slandard Flam-113
f0ky Resin F E- 07 Tk She FIa[HI14
1000ky Resin Fi 6 D08 Hky Fast FaHE
= by bowchomer e ek ich 230 by rmm Akg Standand FaHI1E
21 kg hacrm ey ered o muich 108 kg neen ?‘:lhg Sl BE0-O4T
180kg Fast Fa[HI1E
180kg Standand Fa[H148
180kg She Fa[HIE

Hobex ELT s (900 kofor har dersers con bamade oor dar.

For defalsol ptherancllany pr ocucisthat may ba usatilwhen uming FRIME™ &
pphamsa se the soparaie AncllanyFr - odunts seclion

Applicable Risk & Safoly Phrases

Resin
R2674, 43, =2
524,756, 28, '

Sluw Hardener
RV, M43
59,26, 35907, 45

Standard Hardener
A2, 3,43
520, 26, 673030, 4

Fast

R 22, 3,43
520, 26, 363730, 45

P R0
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PRIME™ 20 Properties

Component Properties

Cured System Properties with Standard & Slow Hardener®

Rresin Fast Standard Slow Cared (28 days & 21 °Ci Cored (24 s & 21°C + 16 hrs 50°C)
Hariener Hardener Hardener Ft*  Standard  Sliw Fost*  Bamdal  Blow

Mix Ratic (hyweight) 100 o 5 o8 Tig MTTA (Pesik Tan B]I*C] 724 =1 I B4D BED BsB
Wix Ratic: (hywelume) 10 ) an ) T Uk - DWTA [*C) BsE L= T, . BrE  Br D
Visaosity & 18°€ 2P 128 S =4 e AH - DEC iMg) T o @ 21 8
Visooeity @ 2L [cF) oM % ar £ Ta1- DMTA [*C) B2.D (=21 ™4E ™4 mD
Yiscosity @ B [eF) Bl 2 4 % Est. HOT [*C) o74 = L B8 7.0 mE
Vinccaity & 3L [cP) 9 iz 11 o Waisturs Absomtion (%] 28 [IE: = B R 2928 100 106
Shelf Lile [manthe) t2 12 iz i Curad Density (gfom’) 11 1148 1145 1148 1@ 142

Lirear Shrinkage (%] 17 15 17 1.6 17 1T
Codour (Gardaer] 2 T a &

Barcol Hordness. & X 23 18 2] il
Wixzd Calaur [Bardrar) = 3 1 3

Casting Tensie Swength (WPa) B4.o 44 =4 T4.8 T4.B T4.2
Companent Ders. (3/en ] 112 0943 [i:Lh] nag

Casting Tensds Mad. [GFal 33z 345 3= 34E 33z a2
Wixzd Lig. Dersity [3'en] = 1.0 1.028 1080

Casting Strain ko Faiure [%) 254 2m 25 431 420 azD
Hezard Categary i M c C c

Lam. Camp. Strength (MPa] 465 444 45 470 418 441
Risk Phrases B P2 N 2,44 22, M, 43

Laminate ILZS [MFPal 5dd 57 419 ETT 516 E.7
Salety Phrasi o o a1, 26 o5, 0%
HREL pd R P ILSE Wet Fstrticn [%) U TR T B2 B16  E2s

“Faxi Hardwrws sl sy Ll s, b powrmed st Sismchec] Harceen

Working Properties vs. Temperature

PRIME™ 20 ResIn ! Fast Hardener

PRIME™ 20 Resln / Standard Hardenar

PRIFE™ 20 ResIn / Slow Hardaner

1xC 20°C 2 EH e 15°C atc =M anc 1xC 20c 256 ac
Initial Wixed Yiscosity iaFl 415 L] a1 k] e =11 ank m 38 e 182 10
1i5el Tine - 150g Mix inWater thrzn ins) [EH] 035 27 [ut.1] 4 11] 0 13 [ik1] 1030 B2n fod =] ]
{Pat Lile - 500 Mix in Air [brscmins] o 026 o o 110 o o 22D o o
{Latest¥'acusm How Tims (irsmine) 33D 253 210 140 4:20 0 23 pEu] 720 E:0D &0 4:10
{Eadiest Wacaum O Time thrsm ins] 515 4410 00 218 f3.11] 425 xH | 1800 103 0 =4}
{D0enauld Tme [hes:mins] [ LR x20 2 %20 E40 4:4s 2 2800 21:3 1= 1
Motas: Foran seplanation ol kst mehods used see BF Syslens’ For ked Froduets B nical Chamclernshcs.
M igures guoked {icaties of e propeties of e prode] concermed. 5ome balch & bakch vanabion may coor
+ Al Hmes are maasured rom whan resin and hardener aie il mixed ook, PO el
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PRIME™ 20 Properties

Initial Mized Vissity Latest Time for Flow Under Vacuum
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Appendix B: Fibre

Hybon 2002 Roving
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Properties
Specific Gravity (bare fiber)* 2.59

Density (bulk), Ib/in3 0.094
g/cm3 2.59

Tensile Strength
@50% R.H. 720 F, psi 200-300x103
MPa 1380-2070

Modules of Elasticity, psi 10.5x106
Gpa 72.45

Elastic Recovery, % 100
Elongation at break, % 3-4
Poisson's Ratio 0.22

Linear Coeff. of Thermal Expansion
(25-3000C), inf/in/oF 2.8-3.3x10-6
cm/cm/ oC 5.0-6.0x10-6

Thermal Conductivity (bulk)
@ 720F, Btu/hr-ftoF 0.6-0.7
@220C, cal/sec-cmoC 0.0025-0.003

Specific Heat (bulk)
Btu/lboF @ 720F & cal/goC @220C 0.197

Softening Point, oF 1540
oC 838

Dielectric Constant
@106 Hz & 720F (220C) 6.7

Index of Refraction @ 550 nanometers 1.559
Ultraviolet transmission opaque

Hardness (moh scale) (bulk) 6.5

* For commercial fiber glass products with sizing (binder), specific gravity and density are reduced by 0.02
(g/cm3) and 0.0007 Ib/in3 respectively for each one percent by weight of sizing application.
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