
Condition monitoring of rotor blades for 
the detection of structural damage or icing
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Better protection of rotor blades with continuous monitoring

Rotor blades are exposed to 
high stress

Rotor blades are light-weight structures under 
dynamic loading which are exposed to extreme 
environmental conditions and stresses onshore 
in general and offshore in particular. They are not 
only subject to mechanical and aerodynamic loads 
from operation, but also to extreme loads such as 
the 50 year gust, icing, E-stop, etc. Altogether this 
leads to fatigue damage at hot spots. In addition, 
there are production-related weak points which 
lead to secondary damage.

Protection of rotor blades 
leads to higher energy yield

Rotor blades decide on the energy yield and thus 
have a decisive infl uence on the economic effi -
ciency of a wind turbine. Incipient damage must be 
detected at the earliest stage possible in order to 
plan and take reasonable repair measures in due 
time and to thus protect the investment. Periodic 
inspections are not suffi cient in this case. Continu-
ous monitoring ensures a higher level of safety.

The solution: SHM.Blade®

SHM.Blade® is a condition monitoring system for 
rotor blades, which can detect structural damage 
and – with the option IDD.Blade® – icing. If the 
rotor blade is at risk of incipient damage or if there 
is ice on the rotor blades, which may be danger-
ous for the surrounding area when the ice is shed, 
the system sends a warning. This can be the basis 
for a shutdown or for taking inspection and repair 
measures. 

SHM.Blade® and IDD.Blade® are based on the 
measurement of integral quantities. Vibrations and 
sound of rotor blades change when the structural 
stiffness is reduced due to damage, or when the 
mass increases due to icing, or when there is a 
structural change in the aerodynamic profi le and 
so in the noise of the air fl ow. Thus, by application 
of sensors and complex data evaluation algorithms 
the condition of the rotor blade can be determined. 
The evaluation is based on a patented procedure 
where characteristic structural-dynamic data are 
determined by means of output-only modal analy-
sis through system identifi cation directly from the 
sensor data.

The procedure
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Damage detection: SHM.Blade®

SHM.Blade® detects structural changes relating 
to a certain reference condition. This reference 
condition is determined fully automatically without 
any help from outside and individually for every 
single rotor blade immediately after the activation 
of SHM.Blade®. Such a blade-specifi c learning 
phase ensures high sensitivity to damage – de-
spite the mass and stiffness tolerances caused by 
production. After completion of the learning phase 
the system continuously calculates condition indi-
cators, which furnish information on the current 
condition of the blade at all times. By means of a 
two-level warning and alarm concept the system 
control is capable to react and prevent subsequent 
damage. More detailed information can be provided 
via a web interface of the backup and monitoring 
system.

Ice detection: IDD.Blade®

IDD.Blade® detects ice on rotor blades. As the 
sensors in the rotor blades directly record the actual 
icing condition, the results are much more reliable 
than an assessment based on meteorological 
parameters. However, the main advantage is that 
wind turbines which have been shut down due to 
icing are automatically released for further opera-
tion after thawing of the ice. Comprehensive and 
expensive inspections with subjective results are 
not necessary. As a special feature, the warning 
and alarm concept is freely confi gurable in coor-
dination with the operator and in accordance with 
the regulations imposed by the authorities. Thus, 
depending on the location, the energy yield can 
be optimized according to the priorities, i.e. with 
the main focus either on personal safety or on the 
protection of the wind turbine against excessive 
stress. Ice detection with IDD.Blade® is available 
as an option to SHM.Blade®.

Detection of ice on the rotor blade with IDD.Blade®Prevention of serious damage with SHM.Blade®

Main functions

Condition indicator
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Special sensors

Woelfel has developed special Structural Noise 
Sensors (SNS) for the specifi c requirements in 
the rotor blade. With the combined measurement 
of acceleration and temperature (optionally also 
sound pressure) relevant information can be
acquired directly in the rotor blade. Special features 
are the overvoltage protection, optimal signal-to-
noise ratio and high signal resolution. 

Sensor connection

At each rotor blade root, the connection box 
ensures  with a robust industrial plug-in connection 
that the rotor blade sensors can be easily con-
nected with the system when the turbine is set up. 
Thus, rotor blades can also easily be replaced, if 
necessary.

Data acquisition

The Data Acquisition Unit (DAU) is located in the 
hub. Here, the sensor signals are digitized, pre-
pared for further processing and stored. Data are 
continuously recorded so that information about 
the current rotor blade condition can be provided at 
any time. Data exchange with the Data Processing 
Unit (DPU) is realized via a network connection.

Data processing

The Data Processing Unit (DPU), the core of 
SHM.Blade®, is located in the nacelle. This is 
where the measuring data are processed fully 
auto matically and the condition indicators for 
damage and icing (with the option IDD.Blade®) are 
calculated. At the same time, the communication 
with the turbine control and the data connection to 
external monitoring centers are realized from the 
DPU. The complete system can be operated via a 
web interface.

DPU
Data Processing
Unit

g

This is how SHM.Blade® and IDD.Blade® work: Functional principle
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Dat
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Self-diagnosis

In order to ensure proper functioning of SHM.Blade®

during fully automatic operation on the wind turbine,
the system has numerous self-diagnosis options. 
In addition to the individual plausibility check of 
each sensor signal, the cyclical program fl ow as 
well as the external data and communication inter-
faces are continuously monitored. If there should 
be an unexpected system status, SHM.Blade® 
sends a warning or alarm to the monitoring center. 
Small system errors are automatically corrected 
by SHM.Blade®. The service personnel can react 
to errors in data capture or errors at the system 
interfaces by remote maintenance. 

Signal analysis

Rotor blade damage and icing change the struc-
tural-dynamic properties of the rotor blades. The 
rotor blade movements recorded by the sensors 
in the rotor blades are analyzed by means of a 
patented evaluation algorithm. Core element is an 
output-only modal analysis, in which the structural-
dynamic properties can be identifi ed directly out of 
the sensor signals. In addition, temperatures and 
other operating parameters are compensated, so 
that they do not affect the monitoring of the rotor 
blades. This method, which has been developed 
over many years and is well-proven today, is the 
basis for the very high sensitivity of SHM.Blade®.

External monitoring and data 
backup

SHM.Blade® has been developed for fully automatic 
and self-sustaining operation on wind turbines. 
Direct communication with the turbine control 
makes it possible that the control directly reacts 
in case of icing or structural damage. To ensure 
effi cient operation, however, remote monitoring 
of all components of a wind turbine is essential 
today. SHM.Blade® provides all possibilities for 
this purpose: All relevant data can be transferred 
and saved via Internet. Via the web interface of the 
Woelfel Backup and Monitoring System, all impor-
tant indicators are available to the management in 
graphical form. Event-controlled notifi cations and 
automatic reporting ensure current information for 
the customer at any time. If data connection is not 
wanted for safety reasons or is not available on 
site, all monitoring and data backup functions can 
also be transferred to a central wind farm server.

Connection Box (3x)
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Serious damage can be avoided: repairs can 
be planned, downtimes are minimized, main-
tenance costs are reduced and availability is 
increased

SHM.Blade® detects incipient damages already 
at an early stage and thus provides considerable 
fl exibility: Thanks to the permanent condition infor-
mation, decisions about repairs can be taken in 
due time and measures can be scheduled before 
damage becomes severe.
This means, with SHM.Blade® you have shorter 
downtimes due to faster repairs, lower repair costs 
due to less extensive repairs and increased reli-
ability and availability for energy production.

Permanent condition monitoring increases the 
present value of the investment

With SHM.Blade®, rotor blades become condition-
monitored components. Your insurance company 
will reward you with a reduced insurance rate, but 
especially – as it is common practice for the drive 
train – with an agreed better development of the 
current value of your rotor blades. This means, 
with SHM.Blade® you do not only profi t from the 
early detection of structural damage, because even 
in case of a sudden total loss (e.g. due to lightning 
strike) you have fi nancial advantages due to the 
better value development agreed with the insur-
ance company. The insurance payment is higher, 
your reserve burden is lower and your wind farm 
investment is better protected, particularly after 
expiry of the warranty period.

Advantages with SHM.Blade®

Higher economic efficiency with SHM.Blade® and IDD.Blade®:

Rotor blade monitoring 

Conservation of value, ...

... cost reduction  

 without rotor blade monitoring

 Early detection of damage

 Avoidance of consequential damage /
 Reduction of repair costs

 Easier scheduling of repairs

 Reduction of downtimes

 Higher current value for insurance

 Reduced investment risk 

1
2

3
4

5
6

7
8

 Increased  

(exemplary)
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Advantages with IDD.Blade®

Protection of equipment and environment due 
to early detection of icing 

 Due to its high sensitivity, IDD.Blade® already  
 triggers an alarm when there is only little icing  
 and thus helps to avoid increased stress on the  
 turbine caused by aerodynamic and mass im-
 balance with its adverse effects on the drive   
 train and the rotor bearing. 

 The risk of ice shedding from rotating rotor   
 blades is minimized: The hazard area and the
  risk potential are considerably reduced, thus   
 protecting people and structures near your wind  
 turbine.

Higher yield due to automatic detection of ice-
free conditions 

IDD.Blade® automatically detects when there is 
no   ice (or only insignifi cant residual quantities) on 
the  rotor blades of a wind turbine which has been 
shut down due to icing. Based on the “ice-free” 
message, the release for restart can then be given 
either directly to the operating personnel or auto-
matically to the turbine control system. Downtimes 
due to icing are thus reduced to a minimum, that 
means to periods in which there is actually ice on  
the blades. Comprehensive visual inspections by 
service personnel are no longer necessary. Your 
costs are reduced and energy production is in-
creased, at locations that are prone to icing, e.g. in 
the low mountain areas of Germany, by up to 15 %. 

  pays off

 and yield increase:

 with rotor blade monitoring

Development of current 
value

 Prevention of ice shedding

 Reduction of downtimes

 Automatic restart when blades
 are ice-free

 Less fi eld service required /   
 Reduction of labor costs

 Increase in resale value

Sample calculation

With profi table wind turbines like the Nordex N117 
(2.4 MW), which reaches its nominal capacity 
already at 11 m / s and then yields more than 
200 € / h, the investment for IDD.Blade® will pay 
off already after the second winter just by the 
higher energy production due to automatic restart 
when the blades are ice-free. Furthermore, you 
save costs because less fi eld service is required.

8
9

10
11

12
13

14
15

16
17

  availability and yield 

Improving safety and energy production with IDD.Blade® 7



Diagnoses provided 
by the minute 

The sensor signals are continuously recorded with 
a high sampling rate without any interruptions and 
transferred every minute for data processing. This 
leads to a large data pool, which is automatically 
evaluated directly on the wind turbine. Meaning-
ful results are thus available any time, so that the 
current rotor blade conditions can be determined 
and evaluated.

High sensitivity and reliability

SHM.Blade® and IDD.Blade® detect condition 
changes in a highly sensitive and reliable way. 
By means of the data analysis with our patented 
identifi cation method even the smallest structural 
changes can be detected. Furthermore, statistical 
methods allow the correction and compensation of 
external infl uences resulting from changing envi-
ronmental and operating conditions (e.g. tempera-
ture and rotational speed). 

Continuous condition indicators 

There are two condition indicators for each rotor 
blade: 

 condition indicator “fast“
 condition indicator “slow”

These indicators are continuously determined and 
communicated for each individual rotor blade. The 
operator does not need to worry about operation-
specifi c and turbine-specifi c characteristics as the 
huge amount of available information is summarized
in these indicators, which are easy to interpret:
The more an indicator deviates from its initial con-
dition at zero, the greater is the structural damage 
(SHM.Blade®) or the more ice there is on the rotor 
blade (IDD.Blade®).
Serious structural damage or icing are detected 
especially fast with the indicator “fast”; for the 
detection of minor structural damage, the indicator 
“slow” is available with a higher sensitivity.

Special features of SHM.Blade® and IDD.Blade®

Compensation of environmental 
influences

In the data analysis, the focus is fi rst on the sepa-
ration between useful signals coming from the 
rotor blade itself and noise signals resulting e.g. as 
harmonics from the drive train. 

Furthermore, to achieve a suffi ciently high sensiti-
vity and to avoid wrong diagnoses it is essential to 
compensate the impact of relevant infl uencing vari-
ables (e. g. temperature, varying rotational speed, 
wind speed, pitch angle etc.).
SHM.Blade® and IDD.Blade® accomplish this task 
automatically after completion of the referencing.

Customer-specific adaptation

Depending on the location of the wind turbine and 
the applicable legal regulations, the requirements 
on warning and alarm thresholds can vary. Particu-
larly in case of detection of rotor blade icing it can 
be differentiated between protection of the sur-
rounding area against ice shedding and protection 
of the turbine against excessive stress. Thanks to 
customer-specifi c confi guration and individuali-
zation you can adapt your system to your specifi c 
needs. 

Easy to retrofit

SHM.Blade® has a modular hardware and soft-
ware structure so that different customer require-
ments can be met. Sensors are positioned in the 
accessible area of the rotor blade near the root, 
electronic components are optimized with re-
gard to the required installation space and power 
consumption. Therefore, SHM.Blade® can easily 
be retrofi tted in existing wind turbines. An OEM 
version can be integrated into the turbine directly 
by the manufacturers.

Special features8



Automatic restart after failures

SHM.Blade® has several self-monitoring func-
tions. In addition to checking sensor signals and 
communication interfaces, the correct operation is 
permanently monitored by so-called watchdogs. 
In case of malfunction or power failure, the system 
starts again completely automatically as soon as 
the failure has been corrected. Data consistency is 
always ensured.

Long life and robustness

SHM.Blade® consists of robust components, which 
have been optimized in extensive laboratory and 
fi eld tests for the use in wind turbines located in 
areas with rough weather conditions in different cli-
mate zones of the earth. The division into compact 
subsystems allows an easy integration into the 
wind turbine – also as retrofi t solution. The rotor 
blade sensors are permanently fi xed with mount-
ing plates, which can be glued into the laminate 
during or after blade production. This does not 
only provide for reliable fi xing, but also for easy 
maintenance and replaceability directly on site – 
regardless of weather conditions and without any 
additional gluing on site.

Certification

Product certifi cation according to the “Guideline 
for the Certifi cation of Condition Monitoring Sys-
tems for Wind Turbines” is currently being done at 
Germanischer Lloyd. The relevant type certifi cate 
is expected to be issued in October 2013.

Communication

Internal and external communication is based on 
standard network protocols (TCP/IP). The commu-
nication with the turbine control system is usually 
done by means of Modbus TCP/IP or OPC - IEC 
61400-25. In addition, further options can easily 
be implemented according to customer-specifi c 
requirements. Commissioning and confi guration 
of the system is done directly via web interface, 
additional software installation is not required. This 
ensures maximum platform independence and the 
use of mobile devices.

Redundancy

If an individual sensor should be defective or the 
communication to a rotor blade should be inter-
rupted, this is detected by self-diagnosis and an 
error message is generated. After that, SHM.
Blade® continues to operate with the remaining 
sensors without any major restrictions until the 
next fi eld service is performed.
As rotor blade icing usually occurs on all blades at 
the same time, there is suffi cient redundancy - for 
ice detection with IDD.Blade® – with one sensor 
per rotor blade. If higher redundancy is required, 
e.g. offshore, we recommend SHM.Blade® Stan-
dard with two sensors per blade for damage detec-
tion. As an alternative, the basic version SHM.
Blade® Basic is also available.

Blade-specific referencing

After commissioning, each rotor blade is individu-
ally referenced – automatically, directly on the 
wind turbine. In this phase, SHM.Blade® registers 
the individual blade characteristics, so that mass 
and stiffness tolerances caused by production 
are taken into consideration and compensated 
during condition detection. This makes sure that 
incipient structural damage, which often has only 
little impact on rotor blade dynamics, is reliably 
detected. With regard to icing (IDD.Blade®) this 
approach also allows the reliable detection of even 
very small amounts of ice. A great advantage with 
regard to the protection against ice shedding.
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Monitoring with Woelfel BMS

Central system monitoring

In addition to data backup and documentation, 
Woelfel BMS also provides for central system 
monitoring of SHM.Blade®. Incoming data from the 
systems include current condition and diagnosis 
information, with which the permanent monito-
ring of all relevant functions and communication 
interfaces is realized. This guarantees high system 
availability. In case of relevant condition informa-
tion and system errors, there are several notifi cation 
options available:

 Text message on mobile phone
 E-mail (text message to an e-mail address)
 Desktop message (notifi cation on PC screen)
 Emergency call (dialing of a telephone number)

 

Visualization

Besides the basic functions, the central data 
backup and system monitoring with Woelfel BMS 
also provides various options for the visualization 
of the monitoring parameters. In addition to the re-
presentation of parameters in tables and with color 
codes, different types of diagrams are available for 
the graphic representation of characteristic curves. 
A trend curve with reference to the time axis is of 
particular benefi t for the detailed analysis of rotor 
blade condition indicators, because predictive 
statements on possible condition changes can 
be derived. Further trend curves are available 
for function-relevant environmental and opera-
ting data, for example temperature and rotational 
speed.

Woelfel BMS

The Woelfel Backup and Monitoring System (BMS) 
is a database-supported system for central data 
storage and system monitoring of SHM.Blade®. It 
is a server-client application with web-based user 
access. This guarantees maximum platform inde-
pendence. System requirements are reduced to 
a minimum, customers only need a standard web 
browser. 

Central data storage 
and backup

SHM.Blade® continuously generates parameters 
and messages which are relevant for the condi-
tion monitoring of the rotor blades. The system 
can constantly send this data to the BMS. In the 
BMS, the incoming data are entered into a central 
database, which is backed up with multiple redun-
dancy. In this way, access without any losses is
always guaranteed. For data recovery, the stan-
dard system has fi ve levels of data backup:

 Hourly
 Daily
 Weekly
 Monthly
 Yearly

So in the worst case, the data of one hour will be 
lost.

Documentation and logging

For documentation and logging, there are tem-
plates available in which all essential information is 
concisely summarized. Reporting is regularly done 
directly to the customer. Customer-specifi c require-
ments regarding data processing can be taken into 
consideration.

Monitoring concept10



Supplementary services 
to SHM.Blade®

In addition to the SHM.Blade® system Woelfel 
offers several optional services, for example

 Installation and commissioning    
 of SHM.Blade®

 Our experienced service technicians set up   
 SHM.Blade® on your wind turbines “ready   
 to use”.

 Remote monitoring, data backup, reporting
 The Woelfel Backup and Monitoring System   
 provides all functions required for successful   
 condition monitoring. All relevant information is  
 available to you through a web portal. Our   
 experienced monitoring specialists monitor the  
 systems and analyze incoming data in detail.

 Trainings and seminars
 Do you want to familiarize your engineers and  
 technicians with the function and operation of  
 SHM.Blade® ? Please contact us!

Modular system concept 
SHM.Blade®

Product portfolio

SHM.Blade® system versions

Our starter version
SHM.Blade®

BASIC

1 sensor
per rotor blade

Our standard version
SHM.Blade®

STANDARD

2 sensors
per rotor blade

Additional options
Ice detection (IDD.Blade®)
Cold climate version
Offshore version
WiFi (wireless network between hub and nacelle)
Environmental and operating data acquisition via 
analog interfaces
BMS (central data backup and system monitoring)

 Numerical simulation
 Our experts in structural dynamics are   
 available to optimize rotor blade designs by  
 means of fi nite-element models, to examine   
 the impact of damage or to analyze loads. 

 Mobile measurement
 Comprehensive measuring equipment and   
 experienced measuring engineers are available
  to optimize your wind farm – from simple work  
 like rotor balancing up to complex tasks to   
 resolve unknown vibration or stress conditions. 

 Statistical data analysis 
 The latest statistical methods and modern   
 computing technology allow an in-depth   
 analysis of large data sets. In this way, we
 can detect atypical operating conditions with   
 high stress and atypical yield differences 
 between individual wind turbines resulting from  
 incorrect settings.

Further products and services in 
the field of wind energy

 Tower damping
 Passive and active systems for increased tower  
 damping to reduce stress and save material

 Structural-dynamic design
 Simulation of complete units with combined   
 MBS and FEM models for the determination   
 of stress, for design optimization and for  
 component verifi cation 

 Rotor blade inspections
 Third Party Inspection during production and  
 periodic inspections to ensure quality and   
 reliability

 Vibration and noise measurement
 Measurement of stress, noise emissions and  
 immissions to make sure that requirements set  
 by the authorities are met or as support for the  
 manufacturer during the development process

 Immission forecasts
 Provision of evidence required by the   
 authorities regarding immission protection 

Our products and services at a glance 11



www.woelfel.de/shm-blade

Your personal Contact

Dr.-Ing. Carsten Ebert
Phone:  +49 931 49708 240
Fax:   +49 931 49708 650
ebert@woelfel.de
www.woelfel.de

97204 Hoechberg / Germany
Max-Planck-Str. 15

wbi@woelfel.de
www.woelfel.de

Phone: +49 931 49 708 0
Fax:  +49 931 49 708 150

... its experience ...The company ...
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Founded in 1971 by Professor Dr.-Ing. Horst Peter
Wölfel today we look back to 4 decades of expe-
rience in the services and systems business.
At the very heart of our activities lie people: our
more than 70 highly qualifi ed employees - civil,
mechanical and electrical engineers, complemented 
by information technology experts, mathematicians 
and research scientists. Benefi t from our healthy 
mix of experienced engineers with their capability 
to assess and analyze your problem at fi rst glance, 
and talented young professionals, who are effi cient 
and effective at innovative areas as e. g. active 
vibration control!

... and its orientation

For all of us, the motivation for our daily work is the 
satisfaction and success of our customers. Our 
success in doing this is demonstrated by our stable 
and personal relations to our customers, well-
established partly over decades, with our clientele 
being medium- as well as large-sized companies 
not only coming from Germany and Europe, but 
also from America and Asia.
The quality of our services and their constant im -
provement are guaranteed primarily by this focu-
sing on the customers’ success, but also by our 
ISO 9001-compliant quality management system, 
complemented by specifi c certifi cations and
accreditations.


