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The increasing length of recent large rotor blades with their growing mass and static moments brings new challenges with
regard to the design of their blade connections. Since 2008, WINDnovation has designed approximately 250 blades and blade
connections with very different individual solutions.

Wind energy is beneficial in reducing
From this variety of blade connection
layouts, four examples have been
selected and their characteristic
values are provided in Table 1.
The growing blade root bending
moments and static moments of such
large blades require larger diameters
of the blade root and bolt circle
diameter (BCD). As a rule of thumb,
5% of the blade length is common for
the BCD. However, the BCD cannot be
freely selected by the blade designer.
If, for example, the blade has to be
transported on roads, the maximum
height under bridges (typically 4.0 to
4.2 metres) is a hard limitation. Also,
the high costs for large hubs and
pitch bearings are a driver to keep the
BCD as low as possible. Furthermore,
there is a strong trend to increase
the length of the blade for turbines,
initially designed for significantly
shorter blades to exploit sites with
lower average annual wind speeds.
To give an idea about the related
challenges, two different values are
provided in the last two rows of
Table 1:
•
The static moment divided by
the BCD is an indicator of the
characteristic fatigue load of the
blade connection.
•
The extreme root bending
moment divided by the BCD is
an indicator of the characteristic
static
load
of
the
blade
connection.
Both values are displayed in Figure
1 over the blade length. The trends
in Figure 1 are based on the selected
blade connections. However, they
follow an overall tendency.

New
Blade
Solutions

Connection

Over the years, WINDnovation has
put a lot of effort into developing

Figure 1. Static moment and root bending moment, divided by the BCD
new blade connection solutions,
allowing a stable and easy-tomanage manufacturing process. As

WINDnovation is active worldwide,
WINDnovation is aware that the best
or most appropriate solution can be

Blade length

(m)

13.40

48.80

63.50

102.00

Static moment

(kgm)

2

128

288

1,380,000

Root bending moment

(MNm)

0.2

7.8

12.8

63.4

Bolt circle diameter (BCD)

(m)

0.700

2.110

2.300

4.800

Number of bolts

(–)

28

64

92

172

Blade connection type

(–)

T bolt

T bolt

WINDjoint

Bushing with
extension

Static moment divided
by the BCD

(kg)

2,9

60,7

125,2

287,5

(MN)

0.3

3.7

5.6

13.2

Root bending moment
divided by the BCD

Table 1. Characteristic values of selected blade connections
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the engineer. But the engineer needs
an efficient tool to determine all
relevant blade connection properties.

and manufacturing equipment.
The solution is as simple as two
overlapping cross-bolt drillings and
two flattened cross bolts (see Figure
2).

Figure 2. WINDjoint solution

Figure 3. π-bolt solution

Wherever the facility to drill a
traditional
T-bolt
connection
is in place, the WINDjoint can
be
manufactured.
Tolerance
requirements are similar to the
T-bolt connection. Besides this, its
specific strength is approximately
15% higher than with traditional
T-bolt designs. DNV GL approval for
finite element (FE) and analytical
calculation
models
has
been
obtained and no component testing
is required for specific applications.
The WINDjoint is very popular with
WINDnovation customers and its
safety has been proved around the
world. The solution is also available
for licensing. Worldwide patents
have been granted.

π bolt
With the π bolt, the loads from the
cross bolt are transferred to the hub
by two bolts with a smaller diameter
compared with the standard solution
(Figure 3).

Figure 4. Combination of the WINDjoint and
the π bolt

Figure 5. Standard bushing design

Figure 6. Bushing with extension sleeve

The
advantages
are
a
more
homogeneous loading for the cross
bolt and improved fatigue properties
for the blade bolts. To achieve the
benefits of the π-bolt solution, the
pitch bearing needs a different
drilling pattern. WINDnovation has
talked to leading bearing suppliers
and suppliers of tightening tools.
Both agree the technical benefits
and the feasibility of the solution.
With blade length below 110 metres
there is no need to apply the π-bolt
solution to rotor blades. However, it
might turn out to be very beneficial
to meet future challenges. The π-bolt
solution is also internationally
patented.
A combination of the WINDjoint
and the π bolt is generally possible
and opens up even more design
opportunities
with
significant
customer benefits (Figure 4).

Extension sleeve,
some parts are hidden for better visibility

Flange side

Figure 7. Mesh of the model on different sections

Bushings
Bushings have become increasingly
popular
with
WINDnovation
customers in recent years. With
a smart modularisation concept
(prefabrication of root parts),
manufacturing costs and material
consumption can be significantly
reduced. To use this advantage, major
modifications of blade design and
manufacturing facilities are required.
A typical bushing and the adjacent
blade structure are illustrated in
Figure 5.
WINDnovation
has
developed
a variety of bushing designs for
different applications. The latest
invention is an extension sleeve,
which significantly decreases the
fatigue efforts for the bolts. It has
turned out to be very beneficial
with the 102-metre blade (see the
list in Table 1). A sectional view of a
bushing with an extension sleeve is
provided in Figure 6.

is defined by a set of parameters,
which are introduced in an Ansys
APDL code. Besides other benefits,
this allows tight control of the mesh,
especially on the interface between
bushing and adjacent structures. As
a result, the comparison of stress
distributions is very reliable. With
one of the recent projects, DNV GL
accepted a derivation as a substitute
for a component fatigue test. Only
several static tests were performed,
which completely proved the fitness
of the derivation.
Figure 7 shows details of the mesh.
A typical stress distribution is
illustrated in Figure 8.

Efficient Calculation of Blade
Connections
The optimal solution for the blade
connection depends on a number
of parameters. Some come from
external sources, like the pitch
bearing layout; others, like the final
bolt shaft diameter, can be chosen by

FE calculations are an indispensable
tool in this context, but creating
and testing the models is timeconsuming. WINDnovation has
developed a set of parametric FE
models and software for the
preprocessing of the input data and
automatic post-processing of the
results.
The input parameters are visualised
for a first consistency check
(Figure 9). As soon as everything
looks satisfactory, the FE model is
generated automatically (an example
with a WINDjoint connection is
shown in Figure 10). In this way,
the design engineer can easily
prepare several variants for the blade
connection and let the calculations
run overnight.
The connection properties from the
FE model are used to calculate the
strength of the blade connection
against extreme and fatigue loads.
The effect of the blade structure on
the load distribution for the bolts
will also be considered in this step.
All
calculation
results
are
automatically documented for a
qualified assessment by the design
engineer. As soon as the solution
is qualified, the blade connection
drawings are generated by the CAD
software. The whole process ensures
that the calculation, documentation
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of the result, and the preparation of
the design drawings always use the
same consistent dataset.

Normally, a new bushing design
requires a component certificate.
This can be achieved by performing
component tests, both static and
fatigue. However, fatigue testing can
take as much as one year and can
cost as much as € 100,000. For most
customers in emerging markets this
loss of time is very hard to accept.
To overcome this, WINDnovation
has developed a detailed parametric
FE model for bushings. It allows the
derivation of a new bushing design
from another bushing, which was
completely tested. The FE model

different based on the country of
manufacture and the cost structure.

WINDjoint
The aim of developing the WINDjoint
was to meet the smaller bolt pitch
of bushing connections without
major changes in the blade design

Figure 8. Typical stress distribution in the bushing–laminate interface
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Figure 9. Blade connection calculation tool

Figure 10. Automatically generated FE model of a WINDjoint connection
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