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IDD.Blade® — Effects, impacts and regulations

Reliable ice detection for rotor blades to increase availability and yield



Wind energy systems

Structyral Hea™

Monitoring
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Blade monitoring

&
"#A

IDD.Blade® SHM.Blade® SHM.Blade®

Ice detection Damage indication Imbalance detection
~ 2 WE SRS T YTRE R s e

G5 Type Certificate TC-GL-015A-2013
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Ice throw of a wind turbine: 50 m hub height, 40 m rotor diameter
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lce on rotor blades

Health, safety & Damage of the wind
environment turbine
Danger of personal Higher loads
injury imbalance
Approval of the ice Wind turbine supplier /
detection system by operator

the authorities

Max. earnings

Min. downtime
Max. lifetime

Operator
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Study of economic loss due to icing of rotor blades

Technikakademie Weilburg

Southern Germany

6 WTG of 3 MW class

4 winter seasons

Metrological ice detection system

Quelle: T.Jung et all: Wirtschaftlichskeitsstudie von Eiserkennungssystemen an Windenergieanlagen, Weilburg, 2015
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Technikakademie Wellburg

Losses depending on operating conditions 2012-2015

® |oss due to
missing restart

m |oss due to
actual Icing
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Ice detection technologies

No direct and quantitative ice detection at the rotor blade
Not approved for automatic restart of the WTG

Metrological

No automatic ice detection

Visual Not approved for automatic restart of the WTG

No direct and quantitative ice detection at the rotor blade

Power curve Automatic restart of the WTG not possible

Direct and sensitive ice detection at the rotor blade

Rotor blade vibration Automatic restart of the WTG possible

- Wolfel
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Blade monitoring — Physical basics

1. Rotor blade vibrations provide information about the state of the structure
. Damage of the structure
. Ice
. Imbalance
2. Structural damages and ice change the eigenfrequencies: w = \/%
. Structural damages reduce the stiffness k
. Ice increases the rotor blade mass m
. Imbalance influenges 1 Q (periodic excitation)
3. Vibration monitoring for detection of changes in the state of rotor blades:
. Detection of changes in eigenfrequency
. Detection of changes in the dynamic response
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Blade monitoring

For reliable and sensitive detection of rotor blade changes there are two sophisticated challenges:

2. Compensation of influences from operation and environment

*Dynamic properties depending on

- Temperature
- Rotational speed

- Pitch angle
- Electrical power

Compensated dynamic

Compensation properties

. * Final state indicators
Calculation
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IDD.Blade®

- Ethernet by WTG supplier
- Wireless bridge by Wolfel ‘

v

) o 3. Hub
4. Nacelle J i

| e— £ DAU (Data Acquisition Unit
DPU (Data Processing Unit) | S R ( q )

2. Blade root
CB (Connection Box)

*

1. Rotor blade
SNS (Structural Noise Sensor)

N vy

N vy
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IDD.Blade®

. BMS
\1, ~ Backup & Monitoring System

SHM.Blade® and IDD.Blade®

DAU DPU
BEPRRE SNS.2. CB.2 Data Acquisition Unit —_—> Data Processing Unit o—
A
v | \7
NTP EOC BTF
Time sync Environmental + operational data WTG Control System
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IDD.Blade®

Main features

Basis

1. Ice detection by an Ice Indicator based on Eigen frequency changes of the blade
2. Individual Ice detection on each Rotorblade

3. Automatic restart when all blades are ice free

4. Individual project specific settings of the icing thresholds

Example Thresholds for a 50 to 60m rotor blade = Leading edge covered with Ice
1. Ice Warning: 10 kg ~3 mm Ice - 0.75 % deviation of Ice Indicator
2. Ice Alarm: 40 kg ~6 mm Ice - 1.50 % deviation of Ice Indicator

Performance of IDD.Blade®:

1. Ice detection in any operating mode and standstill (any pitch angle)
2. Min. wind speed ~2.5m/s - Ice detection at standstill of the turbine
3. Updating status Indication ~ 5 min - Automatic restart always possible
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IDD.Blade ®—= Web monitoring

= Mena

# Home

XHohenahr

Elemente filtern...

Windenergieanlagen

{

Elemente filtern...

X 03WEA82404 System Vereisung  Struktur
X 04WEAB82403 System Vereisung  Struktur
x 05WEA82405 System Vereisung  Struktur
X 06WEA82402 System Vereisung  Struktur
h‘ 07WEA82407 System Vereisung  Struktur
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IDD.Blade ®—= Web monitoring

Startzeit

Endzeit

Zeitraum

[21 .11.2015 05:59:22

] [23.11.2015 23:34
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Monitoring example IDD.Blade®

Winter season 2014/15 in the region of Southern Germany

Temperature below 4°C = 50 days
Warning (non-critical ice) = 21 days
Alarm (critical ice) = 6 days possibility of dangerous ice throw
Ice indicator
0= : .
;E 2 i!!.'— - "
m 2l i
N il I l l I I l l I I l l I I I l l I I l I I l I l I l I I [—
T T @ oo d s 5 5 5 55558 S 8 8883885838888
S & g déegggags gz ragEg g2 FFdgdeg I og
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Economic efficiency

Short amortization period of ice detection systems
with automatic restart function

100 000 € -+
e/ MW - Turbine
a3 MW - Turbine
50 000 €
asmn? MW - Turbine
ROI
0 € T T T T T T T T

24 h 48h 72 h 9%6h 120h 144h 168h 192h 216h 10 days
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Certification SHM.Blade®/IDD.Blade®

GL Type Certificate TUV NORD expertise assessment
1. SHM.Blade: Structural Health Monitoring 1. Special requirements by loca w
2. IDD.Blade: Ice Detection Device approval authority

. !
STRUKTUR- UND

GENEHMIGUNGSDIREKTION
NORD

Development of turbine type specific critical
(dangerous) ice-mass method

Type Certificate 2.

GL Renewatles Cerificale N, TC-GL015A-2013, Rev. 1
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pmm 3.  Test of the IDD.Blade system as a black-box
e S e method with multi-body simulation
e . 4. |DD.Blade was accredited as a state-of-the-art ice

detection system — also approved for automatic
restart under ice-free conditions
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IDD.Blade®

. . . ice-free condition ice-free condition
1. Exact ice indicator FER g ERERRE FERP
2. Clear signaling ice warning (non-critical ice)
3. Automatic restart .g
4. Reduced downtime §
AVAVAVAVAVAVAVAVAVAVANE
g é automatic restart

S automatic shut-down E E

‘3 — —

§ IDD.Blade®

Meteorological systems manual restart

time
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SHM.Blade® and IDD.Blade® — Damage and Ice Detection Systems

Efficient blade monitoring:
1.  Automatic restart B e B Acauiiten
2.  GL certified N
3.  TUV proven ice detection performance jw "
4.  Short payback period 4
5. Best-in-class icing tresholds optimize energy yields | g E
| SNS
Structural Noise
‘ Sensor
o e vson s
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Thank you for your Attention!

Dipl.-Ing. Bernd Wé¢lfel

Tel.:  +49 405 24715-266
Mobile: +49 170 3325810

E-Mail: bernd.woelfel@woelfel.de

Wolfel Group
Max-Planck-Str.15
97204 Hbchberg

Tel.: +49 931 49708-600
Fax: +49 931 49708-650
E-Mail: wbi@woelfel.de
www.woelfel.de
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