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Summary  
 
The paper systematises on measurement tasks needed in design and operation of wind turbines against the 
background of trends and potential of Wind energy in the world and in Germany. A table shows a correlation of 
quantities to be measured and their later position at the WPU (Wind Power Unit), including which phases of the 
product life cycle of a WPU this measuring tasks may occur. Special sections are dedicated to the arising need of 
measurement of higher forces and higher torque values as well as the clearly visible trend from onshore to 
offshore.  
 

 
1. Introduction  
 
The market of wind energy generation is most 
dynamic. In the fast growing wind energy world 
market new trends and thus demands toward 
measurements are rapidly arising [1]. 
 
Bearings are tested on test stands, which require 
force transducers with a range of 5 MN with a 
tendency to even higher values.  For torque 
requirements exceeding capacities are needed. 

Two important trends in the world wind energy 
market are on the one hand that units are getting 
bigger and bigger and on the other hand the trend 
from onshore to offshore. This paper describes the 
reasons and looks ahead new requirements.  

 
Over the last years the world market has grown by 
approx. 29% annually. For the past five years, the 
growth rate in installations has been in excess of 20 
percent, even reaching 30 percent in 2008.  In 2008 
alone, new global wind power installations equalled 
the capacity of 27 large conventional power plants. 
 

The global installed capacity by end of 2009 was 
close to 160 GW, more than 27 GW of which was 
added in 2008 and close to 37 GW in 2009. What 
this impressive growth has translated into is the 
generation of 260 TWh p.a. in 2008, and 340 TWh 
p.a. in 2009, which is roughly 2 percent of the total 
electricity consumption around the world [2].  

Taking into account that the total potential from wind 
energy is estimated to be many times in excess of 
global electricity requirements, this means that the 
future growth in the wind sector will be tremendous. 
Indeed, forecasts predict that more than 10 percent 
of the global electricity consumption in 2020 will be 
powered by wind [3]. 

Generally to safeguard this development reliability of 
Wind Power Units has to be improved and the 

importance of measurement and control solutions in 
Wind energy will grow.  
 

 

 Fig. 1 Offshore wind energy generation 
 
 
2. Systematics 
 
What measuring tasks occur in the life cycle of a 
wind turbine? The quantity to be measured, its later 
position at the WPU and the phases of the WPU´s 
product life cycle of this measuring task, should be 
set in relation to each other (see Fig.2).  
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Phase 1 
1. Simulation of components of wind turbines ● 
2. Test applications in R&D + Data analysis ●  
3. Trial constructions for Pilot applications ● 
 
 
 Phase 2 
4. Test applications during commissioning ● 
5. Repeated Measurements during use of  WPU ● 
6. Online Condition Monitoring Systems ● 
 
 
Fig. 2 classification of types of measuring tasks 
according to phases of the WPU Life cycle 
 
 
Fig. 3 describes in which phases of the product life 
cycle of a WPU this measuring tasks may occur [4].  
The company HBM is active in Strain, Forces, 
Bending moments and Torque.  
 
 

 
 
Fig. 3: Correlation of quantities to be measured, 
product life cycle and components of WPU 
 
 
 
3. Increasing needs and abilities of measurement 
for higher forces and higher torque values 
 
Another trend is the necessity of measurement of 
higher forces and higher torque values.  It comes 
with an increasing need of traceability of such high 
values. 
 
In relation to force transducers building up wind 
turbines of constantly growing size, bearings are 
vitally for the life time of the unit. Today very high 
bending moments are applied to these bearings for 
testing and development. Such bearings are tested 
on test stands, which require force transducers with 
a range of 5 MN with a tendency to even higher 
values. This requires reference transducers of such 
high ranges as 5 MN (Fig. 4).  
 

 
 
Fig. 4: Force transducer C18/5MN 
 
Subsequently HBM decided on investing in a new 
calibration machine for forces up to 5 MN. The 
machine uses a hydraulic unit to generate the high 
forces. Calibration is performed by comparing the 
signal generated by the test specimen with those of 
the force reference transducer integrated in the 
machine. The uncertainty is only 0.02 % of the 
particular force has been stated. The combination of 
great force, high accuracy and the opportunity to 
calibrate not only compressive force, but also tensile 
force transducers, make the machine unique. 
 
But also for the scale testing according to the 
Standards for Wind Turbine Rotor Blades HBM has 
the right transducers, namely the series U10M with 
threads available in both metric and inch thread. The 
test is a mandatory requirement to obtain Type 
certification according to e.g. IEC 61400-23. To 
measure the forces introduced force transducers for 
tension forces in the range of approx. 12.5 kN up to 
250 kN are needed.  
 
 

 
 
Fig. 5 Force Transducer U10M in the ranges 12.5 kN 
and 125 kN 
 
Especially for torque increasing nominal capacities 
are needed. Due to the trend to gearless wind power 
units and thus decreasing rpm to generate the same 
power the nominal torque has to grow tremendously.  
HBM offers a range of suitable Torque transducers 
T10FM, T10FS and T12 (see also Fig 6). 
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Fig. 6 Torque transducer T10FM with coupling 
 
 
4. Comparison of Onshore and Offshore as well 
as demands resulting from that 
 
One of the most important trends in the world wind 
energy market goes from onshore to offshore. It is 
expected that the relation offshore/onshore projects 
will change rapidly toward offshore. 
 
The BWE e.V. Association of Wind Energy makers in 
Germany estimates that by the year 2020 the 
offshore portion will be grown to 16% (from now 
10%) and even up to 30% by 2030. Even if reasons 
may be different, there is a similarity in the 
development of all countries in wind power sites. So 
if countries start to develop wind energy they do this 
first mainly onshore; however in the further 
development the share of offshore steadily grows. 
 
A fast rise of offshore wind energy generation is 
expected for Asia. Even if the majority of the present 
projects is still in Europe such as Germany and the 
UK, Asia caught up in the last years. 
 
In this manner recent news about the planned South 
Korea 8.2 billion-dollar offshore wind farm show the 
huge growth potential [5]. This trend is not to be 
under-estimated, as it means that Korea alone will 
annually install more offshore capacity until 2019 
than any other country in the world during the last 
decade. 
 
The background of it seams that Korean government 
plans to substitute atomic power by wind energy. 
Further stated reasons for going offshore are that 
Korea considers itself a small size country, what is 
interested in less environmental damage and likes to 
avoid potential complaints from residents.  
 
In China Offshore surprisingly is a trend too. An 
offshore wind power demonstration project in Dafeng 
has been finished successfully [6]. According to 
GWEC by the end of this year China will surpass 
United States as the leader in cumulative wind power 
capacity The Global Wind Energy Council further 
forecasts an increase of up to 10 times China's 
current installed capacity by 2020 [7]. China states 
offshore wind energy also brings advantages in 

terms of profitable operation. So the 
operational output for offshore is stronger and at the 
same time more stable. Going offshore means the 
need for higher reliability under very harsh 
conditions. This is exactly the point whereof further 
demands to measurement technique will arise. 
 
A track record has been taken over the past years for 
onshore farms. In the database of the Scientific 
Measurement and Evaluation Programme [8] data 
from 1989 to 2006 including 193.000 monthly 
operation reports and 64.000 incident reports from 
1.500 onshore wind turbines have been collected. 
While modern onshore wind turbines achieve high 
availability, the number of faults for offshore is much 
higher than onshore.  They cause a comparably high 
amount of unplanned downtimes, a drop of 
availability as well as high maintenance efforts and 
costs. For the trend to Offshore a drop of availability 
expected, as the conditions are much rougher (Fig 7) 
 
 
     

   
                        
 
 
 
 
 
 
Fig.7. Schematic of different stress conditions of 
onshore and offshore realisations 
 
 
Digging into the reasons for failures, besides of 
failures of the electrical and control systems, there is 
also a significant portion of failures in relation to 
sensors, cabling and control systems. Thus a much 
deeper knowledge and a clear dedication to the 
application are needed. A high reliability and 
availability of each component has to make up a 
better reliability of the individual components, in this 
case sensors and control systems, have to make up 
a better total availability of the wind turbine. In this 
respect cable monitoring has an outstanding role, as 
it of course has to be considered separately from the 
sensor and control system itself. For this reason this 
field is just arising. Also in the future it will be a task 
to record load history, to find out the total amount of 
loads has to stand during its life time, state damage 
to the wind turbines health and even predict a 
possible extension of life time.   

+ increased corrosion by 
water/ salt 
 
+ microbially-induced 
corrosion (MIC) 
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To execute this possible monitoring on components, 
other than on the drive train, so on the blades and on 
the tower, effort has to be intensified. An interesting 
solution for the structural health monitoring of blades, 
allowing a permanent and at the same time early 
detection of possible damages, has been presented 
in [9]. The difference of using a basic condition 
monitoring and an advanced one in terms of 
insurance premium can make up a difference up to 
50% to 75%.   
 
The trend to offshore will increase the demands for 
reliability and quality, as turbines are becoming 
bigger and more difficult to reach offshore. And, to 
improve the operation output and lower cost 
demands arises to invest in Design, R&D, production 
and operational tools, systems and solutions. 
 
 
5. Conclusions 
 
Today’s wind turbines are considerably bigger and 
taller than in the past, especially the wind turbines for 
offshore use. The conclusions regarding demands in 
measurement for future wind turbines are a stronger 
need of measuring equipment in general and 
especially for offshore solutions. First as the 
condition are much rougher and secondly as the 
turbine is harder to reach. Thus a much higher 
reliability of the components and of the total system 
is required. At the same time, one has to be 
prepared for measurement of much higher forces 
and torque values. 
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