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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/m2): 

Id Layer Unit 1 2 3 Stitching 

2.1 Fibre orientation 
(alignment) 

° 0±1 
(warp) 

90±3 
(weft) 

Chopped 
Strand Mat 

- 

2.2 Nominal area weight g/m² 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/m2) 
 
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/m² 400 400 2 2 6 

2.3 Material type - E-glass E-glass E-glass E-glass PES sizing 
free 

2.4 Filament diameter :m 17 17 17 17 - 

2.5 Roving type - PPG2002 PPG2002 - - - 

2.6 Resin compatibility - UP, EP, 
VE 

UP, EP, 
VE 

UP, EP, 
VE 

UP, EP, 
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%

wt% 

Measured and compared to limits for actual lay-up 

5.4 Resin content* vol% Measured and compared to limits for actual lay-up 

5.5 Tensile strength 

Tensile stiffness 

Tensile strain-to-failure 

MPa 

MPa 

% 

Measured and compared with properties measured 
during reference tests. 

6 tensile specimens cut in main fibre direction 
(reference geometry t.b.d.). 

5.6 Interlaminar shear strength (Short beam 
shear test) 

MPa Measured and compared with properties measured 
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. 
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Appendix B: Fibre 
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Properties  

Specific Gravity (bare fiber)* 2.59 

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

Tensile Strength 
@50% R.H. 72o 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 
(25-300oC), in/in/oF 2.8-3.3x10-6 
cm/cm/ oC 5.0-6.0x10-6 

Thermal Conductivity (bulk) 
@ 72oF, Btu/hr-ftoF 0.6-0.7 
@22oC, cal/sec-cmoC 0.0025-0.003 

Specific Heat (bulk) 
Btu/lboF @ 72oF & cal/goC @22oC 0.197 

Softening Point, oF 1540 
oC 838 

Dielectric Constant 
@106 Hz & 72oF (22oC) 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 lb/in3 respectively for each one percent by weight of sizing application. 

 
 
 
 
 


