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than 200%. It also outperforms by more 
than 100% a sample thermo-latent system 
based on commonly used chemistry. In 
order to accomplish full cure, a slightly 
higher than standard mould temperature 
of 100 to 120°C is recommended. The 
capacity to infuse at higher temperatures, 
then ramp up to the requisite cure tempera-
ture directly after infusion, minimizes the 
post-infusion shifting of fibres caused by 
mould expansion, and thus reduces the risk 
of wrinkling. 
The Epikote RIM145 infusion system 

Technically, the size of a rotor blade is 
limited by the mechanical properties 
of its constituent materials, as well 

as by manufacturing challenges. Clever 
designs and new materials providing 
enhanced processing capabilities and 
mechanical performance are needed. At the 
same time, the total cost of a rotor blade is 
dominated by material costs (fibre reinfor-
cement, matrix resin and bonding paste), 
as well as manufacturing costs (labour, 
cycle time, etc.). To meet the current and 
future needs of the wind energy market, 
Momentive Specialty Chemicals has deve-
loped a series of new products that provide 
enhanced mechanical performance and 
improved processing characteristics.

Spar cap infusion system
The Epikote RIM145 resin infusion system 
[1] provides superior processing proper-
ties, such as very low viscosity and a low 
exotherm, to enable carbon fibre infusion. 
Because of its ability to infuse even thick (> 
40 mm) laminates, it offers significant cost 
advantages vs. carbon fibre prepreg techno-
logy. It also provides excellent mechanical 

properties when used with carbon fibre 
reinforcement.
Carbon fibre has traditionally required 
the use of prepreg technology because the 
fine strands are difficult to permeate. In 
addition, direct infusion of carbon fibre 
with classical epoxy systems has traditio-
nally resulted in a laminate with limited 
mechanical performance.
Now, through altered viscosity characteris-
tics, new epoxy systems enable designers 
to employ the widely used, cost-effective 
VARTM process to produce longer, lighter,  
C-fibre reinforced blades, without com-
promising mechanical 
strength. Because it 
requires higher tempera-
tures to initiate the che-
mical reaction (thermal 
latency), the Epikote 
RIM145 system allows 
infusion at a much 
higher temperature than 
traditional systems, with 
an adjustable visco-
sity increase. This new 
system outperforms 
the industry standard 
epoxy resin’s infusion 
capability by more 

Fig. 1: Compressive strength of CFRP laminates. The performance of the 
RIM145 system is compared to a benchmark infusion system (Epikote 
RIM135), as well as a prepreg system

Harnessing the wind: 
New technologies for longer, lighter rotor blades

In recent decades, wind energy turbines and rotor blades have 
seen a continuous up-scaling in order to achieve higher yield and 
efficiency. But for wind to compete with other energy sources, 
the cost per kilowatt hour needs to be reduced. Offshore turbines 
with a blade length of 80 m or more are already in the offing.  
As of the end of 2012, the first “80 m plus” rotor blade  
prototypes have been manufactured and are being tested.By
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fibre design infused with a standard system. 
A weight saving of 4.4 metric tons could 
be achieved with the new infusion systems 
and a carbon fibre spar cap [3]. 

Bonding paste system
Enhanced mechanical performance as 
well as cycle time reductions via impro-
ved processing characteristics are also the 
main features of the new Epikote BP435 
bonding paste system. This system offers 
superior processing properties, such as 
improved rheology for better control of the 
bonding process and a faster cure speed. A 
structural adhesive in rotor blade manufac-
turing should develop mechanical strength 
as well as heat resistance (glass transition 
temperature, Tg) quickly when cured, yet 
provide a pot life long enough to allow for 
a controlled application process. Figure 3 
shows the improved glass transition tempe-
rature development of the Epikote BP435 
bonding paste as compared with that of 
the industry standard Epikote BP135/
G3 system. Cycle time reductions of 2-4 h 
were achieved during full-scale rotor blade 
manufacturing.

Furthermore, the BP435 bonding paste 
system provides improved rheological pro-
perties. Full-scale application tests showed 
that closure forces during the bonding 
process could be significantly reduced, 
without sacrificing sag resistance. This 
improvement allows better control of bond 
line quality. 
 
The new adhesive system was especially 
designed to meet the needs of the offshore 
market segment. Therefore, a major design 

not only provides beneficial processing 
characteristics, it also imparts significant 
mechanical performance improvements 
with both glass and carbon fibre. Compa-
red with classical infusion systems, com-
pressive strength increases by 25%, and 
C-fibres infused with this system approach 
90% of C-fibre prepreg performance 
(Figure 1).

Shell infusion system
In many rotor blade designs made from 
glass fibre reinforced epoxy, the transverse 
tensile (i.e. interfibre failure, IFF) pro-
perties are a design-limiting factor. The 
structural stiffness of a rotor blade is pro-
vided by the spar caps, which incorporate 
unidirectional (UD) glass fibre fabrics. The 
shell structure provides torsional stiffness 
as well as the aerodynamic contour and 
is typically constructed of a ±45° biaxial 
layup. The interfibre failure properties of 
the shell laminate determine the maximum 
allowable strain level in the main load 
direction (flapwise).

A matrix resin that provides enhanced 
transverse tensile properties, such as the 
new Epikote RIM245 infusion system 
[2], allows for higher tolerable strain 
levels and thus a reduction of the spar cap 
dimensions. This volume decrease results 
in significant weight savings, enabling the 
construction of longer blades, as well as raw 
material cost reductions. A reduced blade 
weight results in significantly decreased 
fatigue loads and can positively influence 
the overall turbine design as well, by redu-
cing pitch bearing dimensions and so on.

The transverse tensile performance of the 
new Epikote RIM245 system was tested 
on various roving types and fabrics. Two 
glass fibre roving types commonly used in 
the wind energy industry – the PPG2002 
and the 3B SE1500 type – were employed 
as glass fibre reinforcements. The well-
established Momentive Epikote RIM135 
infusion resin system (with curing agent 
RIMH137) served as a reference. In Figure 
2, the transverse tensile strain (strain to 
first crack) values, as well as the transverse 
tensile strength (stress at first crack) values 

of the RIM135 and RIM245 systems are 
displayed for a Kuempers HPT1040 fabric 
with the standard PPG2002 roving. It 
should be noted that the fabric contained 
8% 90° fibres (stabilizers) oriented in 
the testing direction. A +53% increase in 
transverse tensile strain was found (from 
0.42% to 0.64%) when comparing the 
industry benchmark RIM135 system with 
the new RIM 245 system. The transverse 
strength value increased from 50.6 to 65 
MPa (+28%).

Very similar results were found on glass 
fibre reinforcement with SE1500 sizing 
(3B fibreglass), which is also widely used 
in the wind energy industry. The fabric was 
a Saertex UD (type V105180), with a 90° 
fibre weight proportion of only 3%. With 
the RIM 245 system, the strain to failure 
was improved by 29% (0.42% vs. 0.54%) 
and the transverse tensile strength by 35% 
(36.7 MPa vs. 49.8 MPa), when compared 
with the RIM135 reference system.

In a rotor blade design study by EUROS 
Entwicklungsgesellschaft für Windkraf-
tanlagen mbH [3], the calculated weight 
saving potential of a rotor blade using the 
Epikote RIM245 system as a shell matrix 
system instead of the standard infusion 
system was approximately 1 metric ton for 
a 59 m blade. This translates to a reduction 
of 19,000 kg∙m of static moment or a 10% 
reduction in fatigue loads. 
In the same study, a rotor blade design 
consisting of a UD carbon fibre spar cap 
infused with the RIM145 system and a 
shell structure infused with the RIM245 
system was compared with a standard glass 

Fig. 2: a) Mean transverse tensile strain and b) mean transverse tensile strength values of the RIM135 
and RIM245 systems, tested on a PPG2002 roving (Kuempers fabric HPT 1040) at a fibre volume content 
of 52%



the C-fibre prepreg process. The Epikote 
RIM145 system with C-fibres approaches 
90% of the compressive strength perfor-
mance of the traditional C-fibre prepreg.

With the new Epikote RIM245 wind 
energy infusion system, Momentive offers 
a solution for lighter and longer blades, as 
well as the potential for substantial cost 
savings through decreased volume requi-
rements for both fibre and resin. With this 
system in use, transverse tensile strain and 
strength values were shown to improve by 
30-50% over the market benchmark. 
With improved applicability, faster curing 
cycles and excellent fatigue properties, 
the new Epikote BP435 bonding paste 
system is especially suited to the manufac-
ture of offshore rotor blades. Cycle time 
reductions of 2-4 hours were achieved in 
full-scale rotor blade manufacturing. With 
the reduction in density, weight savings of 
more than 10% can easily be achieved. The 
good mechanical performance provides 
potential for further weight reduction.
These improvements are likely to result 
in significant material and manufacturing 
savings as well as longer, lighter rotor blades 
that will drive wind energy’s acceptance as 
an efficient, reliable energy source. n

More information
www.momentive.com/wind energy/
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goal in its development was to achieve 
high fatigue resistance to offer added 
value in durability, as many offshore wind 
energy plant locations can only be accessed 
infrequently for maintenance and service. 
In designing the new bonding paste, 
designers followed a different mechanical 
concept than for the reference BP135/G3 
system. As shown in Table 1, the values 
obtained from static tensile testing show a 
high ductility, with strain to failure values 
of up to 11.8%. These material characteris-
tics are quite different from those of stan-
dard wind energy bonding pastes which 
typically show a relatively brittle behaviour, 
with strain to failure values < 5%. Fur-
thermore, the new adhesive was designed 
to be less stiff, exhibiting a comparatively 
low Young’s modulus of around 2.7 GPa, 
while state-of-the-art bonding pastes for 
rotor blade manufacturing typically exhibit 
values > 3.5 GPa (e.g. 4.5 GPa for BP135/
G3).
The Epikote BP435 system provides 
excellent static and dynamic bonding per-
formance. Table 2 shows the static single 
lap shear test results and Figure 4 shows the 
fatigue performance of the BP435 bonding 
paste in comparison to the reference 

BP135/G3 system.
The Epikote BP435 
bonding paste exhibits 
superior fatigue 
behaviour at all load 
levels tested. In the 
high cycle regimen, 
a factor of ~5 was 
observed between 

the performance of the new adhesive vs. 
the reference. At a maximum stress value 
of 6 MPa (R = 0.1), lifetimes on the order 
of 107 cycles were achieved. It should be 
noted that the results presented here are 
a conservative estimation of the potential 
of the new BP435 system, as the measure-
ments were performed under load control.
In combination with a density about 10% 
lower than that of the benchmark, the ex-
cellent static and mechanical performance 
of the BP435 system allows for further 
weight reduction in rotor blade design.

Longer and lighter rotor blades 
Momentive’s new epoxy infusion system 
– the Epikote RIM145 system – exhibits 
improved properties that allow wind 
turbine rotor blade manufacturers to use a 
VARTM infusion process for carbon fibre 
structures, even thick ones, such as spar 
caps. The use of VARTM infusion results 
in significant cost savings compared with 

Fig. 3: Development of Tg midpoint at a cure temperature of 70°C. A Tg 
midpoint of 75°C is reached after ~3h with the new BP435 system, while 
5-6h are needed with the reference BP135/G3 system 

Fig. 4: Wöhler plot of the BP435 and BP135/G3 
bonding paste systems, bond line thickness 1 
mm; R = 0.1; f = 5 Hz; cure cycle 6h/70°C; GF/
epoxy substrate (t = 4.5 mm)

Tab. 1: Tensile properties of the BP435  
system, cured for 2h at 80°C

Young’s modulus [MPa]

Ultimate tensile strength [MPa]

Tensile strain at break [%]

2720 ± 24

48.7 ± 0.2

11.82 ± 2.85

Tab. 2: GL minimum requirements and properties of the BP435 system, cure cycle 
6h/70°C, single lap shear substrate: GF/epoxy composite, thickness 4.5 mm

Single lap shear

Lap shear creep

> 12 MPa
34.7 MPa (0.5 mm)
24.0 MPa (3.0 mm)

< 0.18 mm (0.5 mm)
< 1 mm (3 mm)

0.01-0.04 mm
0.02-0.06 mm
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