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World wind power generation
94GW

Wind turbines generate more than 1 % of the global electricity 

Substantial growth year on year
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Impact for composites- 2006 
figures
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Impact for composites- 2007 
figures

• 43,777 wind turbine blades made during 2007

• slightly more than 200,000 tonnes of finished blade 
structures last year 

• 2007’s volume is almost 38 percent higher than 2006 
and almost double the 2005 figure. 

The total breaks down, approximately, as follows:

• Glass fibre 100,240 tonnes
• Carbon fibrre 2,090 tonnes
• Thermoset resins (primarily epoxy and vinyl ester) 

82,550 metric tonnes
• Core (balsa and foam) 8,160 metric tonnes
• Metal (fittings and bolts) – 6,800 metric tonnes 

(figures from Composites Technology)



Advanced Manufacturing for Composite Technologies C onference
Northwest Composites Centre, Manchester, 11th Decem ber 2008 

Based on current material prices 
and estimates of manufacturing 
and overhead costs an estimate 

of the value of the composite 
blade market in 2007 is $4.3 

billion
(Composites Technology)
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Strong Growth
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CHINA - booming
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China – geographic spread
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CHINA- Major Growth in domestic 
manufacture
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European Wind 
Resources
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European Wind Map 2007
56 GW

Courtesy EWEA
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EU-Totals
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European Growth
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EU Energy mix
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The current state of the art 
in wind turbine construction
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Nacelle arrangement
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State of the Art: example
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The loads on a turbine

(Source DFVLR)
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Blades: Materials of choice

• Needs – lightweight 
and high stiffness, 
hence composites
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Materials Options

• Fibres
– glass 

• E-glass
• Hypertex

– carbon 
– wood

• Birch
• Bamboo

• Fabrics
– Dry 

• woven

– NCF
– Prepreg

• Woven
• UD

• Resins
– Unsaturated 

Polyester
– Vinyl Ester
– Epoxy 
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Shear webs   Spar Caps

Balsa cores  Skins

Typical Blade Profile

Cross Section of Blade

Idealised blade design
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Fibre Architecture

Spar caps – typically 70% UD, 30 % +/- 45

Skins and shear webs, +/- 45
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Blade design
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How are blades made?
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Blade manufacture
• Processes:
• Hand-lay up

• RTM/Infusion
• Prepreg

LM
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Processes near net shape

Infusion, vacuum-assisted resin transfer molding (VARTM) and 
hand layup of prepreg in open molds are today the dominant 
processes.
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Examples
• GE Energy (Atlanta, Ga.), Suzlon Energy Ltd. (Aarhus, Denmark), 

Nordex AG (Norderstedt, Germany) and LM Glasfiber Group 
(Lunderskov, Denmark) all use some form of resin infusion, rather 
than hand layup, to improve the fiber-to-resin ratio of their all-
fiberglass blades.

• Bonus Energy A/S (Brande, Denmark), uses a single-shot infusion 
process of a dry preform to make 30-m/98-ft and longer blades, thus 
eliminating secondary bonding of separately molded components. 
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Infusion

Skins moulded in female moulds
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LM  Glasfiber
- vacuum assisted resin transfer moulding 

VARTM

Robot-controlled glass 
application carts
Reduce time for lay down by 25%

Special resin infusion 
machines reduce infusion 
time by 15%

2 shells bonded together
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Example

• Vestas- historically uses glass 
fibre/epoxy prepreg in its Danish and 
German factories. 

• External shell skins bonded to precured
spar.
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Prepreg

Composite Systems, Inc 

Hand applied ( often in-house prepreg)

Automated gantry delivery
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Siemans
integrated manufacture- one shot 

moulding of complete blade
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Trends – more carbon

• Common wind blade construction has featured a sandwich structure
of double-bias or triaxial fiberglass skins with balsa or foam core. 

• Recent developments, however, include selective use of carbon 
fiber as local reinforcement, usually along the spar cap. Common
methods for the latter include: 

– (1) curing two blade skins with the spar cap embedded and then 
bonding these halves or shells with the shear webs; 

– (2) curing the spar as a complete box-beam assembly and then 
secondarily bonding upper and lower blade skins onto it. 
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Examples

• DeWind Ltd. (Lübeck, Germany) uses carbon, but inserts 
a precured carbon prepreg spar into a shell preform, 
which it then infuses using VARTM. 

• Vestas - Now introducing carbon fibre for spar caps in 
longer blades (for V90 3 MW turbine). 44m blades with 
carbon are now lighter than 39m glass fibre 
predecessors.
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Why more Carbon?

• Blades are getting longer (and heavier)
– Need to reduce fatigue loading

• Long blades need to be stiffer
– To avoid tower strike

• Turbines going off-shore
– Need to reduce weight and hecne foundation costs
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The march of turbines with time
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More power from the same 
footprint
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Fatigue

Stress on blades  and towers) induce fatigue loading : e.g.  Tension-
tension, torsional fatigue 

and tension –compression. Self weight of big blades  becomes a 
significant issue with big blades

Materials solutions:-

Reduce weight and use more fatigue resistant materials e.g. carbon 
fibre
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Use of carbon…. 

• If only materials costs are 
considered

– 100% carbon could result in weight 
savings approaching 80% but increase 
costs by a factor of 150%, 

– 30% carbon could  reduce weight by 
half but increase costs by 90% 

• If the bigger picture is taken into 
account allowing for manufacturing 
costs then the likely cost penalties 
from switching to carbon decrease 
to about 40% of the overall cost, 
even for a fully carbon fibre blade

We also have to consider how to 
replace glass – uniformly or in 
sections ( e.g. near root)

Shortage of Carbon Fibre might make this solution impractical 
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Off-shore – better wind, less 
obtrusive
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25 GW = 5000 x 5MW turbines
Estimated Value £25Billion
£2 billion/year
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Offshore – current 2008 
(EWEA)
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Planned Offshore- 2015 
(EWEA)
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UK -offshore
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Installation

Big structures need big 
cranes and large 
foundations.
A big problem 
everywhere, but 
especially at sea
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Predicted Growth of Carbon
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Process Drivers
• Infusion improves Vf relative to hand lay-up

• VARTM improves accuracy of profile

• Prepreg improves Vf relative to infusion but increases costs

• The use of Carbon drives the use of prepreg (benefits of carbon are 
lost if Vf is low and/or the structure is prone to defects).
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Key turbine size = 1.5 MW
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Weight versus process/materials
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Key challenges
• Reduce manufacturing defects

– wrinkles, 
– delaminations, 
– dry-spots
– under cure
– misalignment
– Sandwich core-skin debonds

• Increase rate of materials deposition
– tape layers
– Preforming

• decrease cure cycle times
– Use of pre-cured elements?
– Single shot manufacture
– Quickstep
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3DTextiles – for load 
transfer

• Why 3D Textiles?
Current UD prepreg technology is 
excellent for thin  flat structures.
But……

• It is slow to lay up, difficult to work 
with complex 3D shapes, and 
struggles to allow load transfer in 
connections and across right angle 
shapes.
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Consequence is structural weaknesses in 
pull-off and bending loads
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3D weaving flat fabric

Fibres are introduced in 
the “Z” direction in and 
out of the flat fabric. 
This holds layers 
together and improves 
the resistance to 
damage of a laminate. 
A conventional lay-up of 
flat prepreg has no 
reinforcement in the “Z”
direction and will 
delaminate easily.
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Making 3D shapes
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Conclusions

• The inter-related introduction of carbon, bigger blades  and the 
increasing need for off-shore wind farms is pushing the  
industry towards aerospace type production.

• Prepregs with high accuracy rapid tape layers for depos ition.

• However: the sizes (up to 90m) are too big for autoc laves and 
the production rates are too demanding (large factories 
produce 500-2000 blades/year, 2-10/day (averaging 40m)  for 
slow cycle times.

• A rapid cure system, probably incorporating pre-cured carbo n 
spars is desirable if a cost effective process can be 
implemented.

• Possible use of 3D textiles for spars
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Final remarks

• VAWT turbines could offer a route to bigger 
power rated machines without encountering 
crippling problems from self-weight fatigue.

• They always face the wind and can operate in 
higher wind speeds

• They are amenable to low cost manufacturing
• They represent a lower profile for a given output 

to minimise environmental intrusion.
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Thank you for your attention


