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Pitch Control
2016
Exploring ongoing advances in the technology that monitors and manages 
the movement and loads on blades.
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Of all the key components that constitute a wind turbine, pitch 
control tends to fly under the radar for attention, yet it is no less 
integral. At its simplest, pitch control handles the rotation of the 
rotor and ensures that the turns to the generator remain constant.

But, it is one of the turbine’s more complicated components. 
While the yaw control re-orients the rotor into the direction of 
the wind, the requirement for pitch control is more complex. At 
the heart of it is Bernoulli’s lift law, which governs how the wind
interacts to create lift with airfoil devices like aeroplane wings. 
On a turbine, different wind speeds can affect the lift on the 
blades at different points of the rotation and thus push them 
around faster. By altering the angle of the blade it is possible to 
keep the rotation speed constant.

Adopting sophisticated pitch control ensures that the wind 
turbine can be operated for optimum energy capture while 
minimising the load on the surface and root of the blade for 
a wide range of wind speeds. As it is now possible to monitor 
the blades more closely and turn them away from strong winds 
before undue stress is placed on them, original equipment 
manufacturers have been able to increase the length of blades 
available on their turbines for certain conditions.

   Market Demand for Greater Reliability

When examining the market demand for pitch-control systems, 
it is worth understanding the market requirements for wind 
turbines. According to recent research by Bloomberg New Energy 
Finance (BNEF), the falling cost of wind turbines will reduce the 
cost of energy by as much as 4.5% by 2023-25. At the same 
time, BNEF predicts falling O&M costs will mean a 1.5% drop. The 
inference is that turbines — and their components — will need to 
be not just cheaper, but more reliable too.

To this end, customers want and need to predict the lifespan of 
turbine components, and the ability to harvest more and better 
data has become crucial for wind turbine systems. 

Illustration 1

Furthermore, to control the load — not only on the blades itself 
but on the whole structure — will be increasingly important. Pitch 
control can play a major part here, providing data and linking 
in with other operating systems in the turbine, including the 
condition monitoring system. 

Pitch controls themselves are designed for long-term operation 
with minimum maintenance requirements.

When a blade rotates, the tip moves much faster than the section 
nearer the root, which changes the optimum blade profile in relation 
to the velocity of the wind hitting the blade. Pitch control adjusts 
the blade profile to the wind to keep the speed of the turbine 
constant in changing wind speeds.

Relative Speed of Air Flow over Turbine Blades:
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   Pitch-Control Development

As with other wind-turbine components, there have been many 
advances in pitch control. The first simple pitch-regulated 
turbines, evolving from the stall-regulated models, used collective 
control, where the speed of angle-change was constant. Many of
the early pitch systems were operated hydraulically, however when 
the wind turbine grew in size, more and more moved to electrically 
operated pitch control, which then enabled the provision of 
ever more sophisticated and accurate controls. Another major 
development was to move from fixed RPM to variable-speed 
turbines, which gave increased energy production and better ability 
to regulate the whole wind turbine for increasingly demanding 
grid requirements. Finally, by using improved torque and pitch 
control to create an optimal control strategy, wind turbine owners 
can now achieve higher production with reduced loads.
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Independent pitch control adjusts each blade angle according 
to wind speeds at any given moment, which in turn helps to 
regulate the loads on the blade surfaces and root. This protects 
the blade and rotor from high loads, while ensuring optimum 
energy capture.

Independent Pitch Control Systems:

Illustration 2

To further optimise the pitch system and reduce loads, a shift 
is expected from operating collective pitch controls to using 
individual pitch control. However, there is still some division within 
the industry regarding the benefits of individual over collective 
pitch control, according to Totaro Associates founder Philip Totaro.
While individual pitch control offers better performance and 
higher annual energy production, it can put more stress on the 
blade bearing and the motor. In the past, this resulted in bearing
failures and concerns about burned-out pitch motors.

Since then, original equipment manufacturers and pitch-
system suppliers have worked hard to rectify the issue, and, 
largely through further monitoring and regulating turbine and 
pitch operation, most of these challenges have been overcome. 
Electric pitch systems are largely maintenance-free, but the power 
back-up — in the form of batteries or ultra power capacitors — will 
sometimes need to be changed during the lifespan of the wind 
turbine. Electric systems, unlike hydraulic systems, offer no risk 
of oil spill or suffer the difficulties of collecting and repairing an oil 
leakage in a rotating hub. Therefore, electrical pitch systems can 
be seen as a more environment-friendly solution to pitch control.

Today, electrical pitch systems are widely used by wind-turbine 
manufacturers, with most new turbine models benefitting 
from the constant development of more effective, faster and 
intelligent pitch systems. Furthermore, several of the new, 
bigger wind turbines are preparing to use individual blade pitch 
control, according to Mita-Teknik. 

Industry standards have played a role in the development of 
pitch control, with changes in European standards from 2003 
onwards, with the most recent based on the GL Guidelines for the 
certification of wind turbines, edition 2010. The DNV GL ST-0076, 
published in 2015, covers electrical installations for wind turbines.

A major change in the electrical systems has been the increase 
in the size of the motors required to turn the blades. The first 
systems used small, 4kW motors to tilt the blade, says control-
system manufacturer Mita-Teknik, but the power demands have 
had to increase dramatically as turbines have increased in size.

The increase in turbine size has 
led to other changes. Bearings 
represent a major component 
of any pitch system. Currently, 
doublerow slewing-type pitch 
bearings are a semistandard 
wind-turbine component. But 
as power ratings and rotor 
diameters continue to grow, 
blade induced loads are also 
increasing, creating potential 
for larger deformation problems 
and failures. Slewing bearings 
with rolling elements — such 
as the Schaeffler double-row 
tapered roller bearing here — are 
now seen by some experts, for 
a variety of reasons, as a major 
pitch-bearing solution.

Bearings:

Illustration 3
Source: Schaeffler
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   Benefits

The ability to pitch blades separately through individual pitch 
control has improved performance of turbines and increased 
annual energy production, while still controlling the maximum 
loads placed on the blade and root. This more sophisticated and 
accurate pitch-system performance has allowed OEMs to further 
push the limits on rotor lengths. For the bigger turbines — 
onshore as well as the many that are sited offshore — the higher 
availability that comes with electrical systems is increasingly 
important.

   Recent Innovations

Design developments continue to push for ever more reliable 
systems. Mita-Teknik has recently filed patents for systems that 
allow the turbine to continue running even if the pitch system 
fails — this is achieved by inclusion of an additional, redundant 
controller system, which is available should the main system 
develop fail. This could be particularly pertinent for turbines 
where access for repair can be limited for extended periods 
by weather, for example, such as at cold-climate projects or 
offshore projects.

Illustration 4
Source: Mita-Teknik

Condition Monitoring and Pitch Control: 

Modern turbines equipped with the latest control and montoring systems, from pitch control to SCADA and remote monitoring, will help the wind 
industry bring down the cost of wind energy and integrate variable generation into the grid amid changing market mechanisms and fluctuating 
demand for power.
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   Ongoing Challanges

The challenges faced by pitch-control suppliers are similar to 
those faced by suppliers of other wind turbine components 
— a need for ongoing improvement in reliability and price, and 
meeting changing regulations. Reducing downtime and the 
amount of times a technician needs to go into a turbine is a 
growing need as turbines grow in size and reach more remote 
and inaccessible locations. Technological advances in turbine 
design, which have led to larger machines and blades, are also 
having an impact on system design.

Bearing manufacturer SKF, which has developed a blade pitch 
system inspired by the movement of the human wrist, points 
out that such advances and the increased use of individual 
pitch control has intensified the pitch action. Such advances will 
continue to challenge pitch system reliability, and the drive to 
reduce operation and maintenance costs to drive down the cost 
of energy.

Regulation is a key issue, and it differs from country to 
country. China is making a concerted effort to introduce new 
turbine legislation, says Mita-Teknik. This is not just about 
performance and safety but also an effort to introduce a degree 
of standardisation to the sector. 

   Technology Forecast

The focus for all new developments relating to pitch systems 
is on lowering the total cost of ownership for wind-energy-
generating assets. This can be addressed either by investing 
more money in higher-performance pitch systems to reduce 
turbine loads and thereby costs, or by reducing costs in the pitch 
systems themselves.

One development frontier may be a combination of Lidar and 
individual blade pitch control. Lidar is a detection system that 
works on the principle of radar but uses light from a laser. It 
can be used to monitor and regulate individual blade pitch and 
optimal pitch angles in a system that operates both individual 
pitch and individual blade control. There are a number of trials 
under development by various OEMs.

In anticipation of a demand in customised pitch systems that 
meet the exact requirements for any specific site conditions, 
some manufacturers are preparing new pitch-control systems 
that will be able to fine-tune the pitch-system performance 
in even smaller, more precise steps than those widely used 
today. The owner will then be able to optimise their turbine 
model’s pitch control according to the climate, altitude and 
other conditions of the specific site and in accordance with their 
operating strategy and service plan. The need for an integrated 
system between advanced turbine control, the pitch system and 
condition monitoring system could be one of the most important
steps to lead to the next generation of cost-efficient wind 
turbines, says Mita-Teknik.

One area for cost optimisation of pitch system is energy storage. 
For many years this was based on robust valve-regulated leadacid
(VRLA) batteries, which today share the market with ultra-
capacitors, which are more costly but have a longer service 
life. Service life of both VRLA batteries and ultracapacitors are 
reduced in high temperature conditions, creating a need for the
development of cost-efficient energy-storage cabinets with 
active cooling.

Combining individual pitch control with condition monitoring 
enables wind-farm operators to fine-tune their fleet’s 
energy yield across an entire site in line with changes in wind 
conditions. This level of control on individual turbines will be
increasingly important as wind moved from support-based 
tariffs to market models as is happening in parts of Europe and 
elsewhere.

Individual Turbine Control and Monitoring:

Illustration 5

“As ethernet-based network controllers are used in the turbine,
they may also become more common across pitch-control
communication network protocols”
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During the service life of a modern wind turbine the energy-
storage system is expected to be replaced at least once, as 
lifetime expectation of current technologies are not as long as the 
20-30 years of a wind turbine’s life. With new hybrid battery and 
capacitor technologies coming on the market, it may be possible 
to change to a more advanced energy-storage technology when 
a replacement is needed, suggests Mita-Teknik.

Condition monitoring and big-data capture are already standard 
demands on a wind turbine control system. Mita-Teknik is one 
manufacturer planning to include these features as standard 
in its pitch systems as well, improving the ability to predict and 
plan pitch-system maintenance.

The most commonly used communication network protocol 
between the wind-turbine controller and pitch system is 
CANopen, with others, such as Modbus RTU and PROFIBUS, 
also being used. But, as ethernet-based network controllers are 
used in the turbine, they may also become more common across 
pitch-control communication network protocols, such as Modbus 
TCP, EtherNet/IP and PROFINET. With ethernet comes a higher 
bandwith, which will enable increased demands for ‘big data’, 
gathering data from a variety of systems in the turbine. It will 
also enhance the work on remote activity, such a troubleshooting 
and software updating.


