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Introduction to Condition Monitoring —&nBW

o “ictions.
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> Rotating machinery (mmw (Particles that can be
. ) A Vibration analysis) detected by oil analysis)
> Goal: condition-based maintenance \ Noles
- (Audible)

> Online or offline _—

(detected by touch or

> Example of methods
— Vibration analysis
— SCADA data analysis
— Oil analysis

Component condition

> SCADA = Supervisory Control and Data Acquisition system

Source: Tchakoua, P., Wamkeue, R., Ouhrouche, M., Slaoui-
Hasnaoui, F., Tameghe, T., & Ekemb, G. (2014). Wind turbine
condition monitoring: State-of-the-art review, new trends, and
future challenges. Energies, 7(4), 2595-2630.
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Condition Monitoring (@ EnBW
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Data services

> Import from park servers
> Data consolidation

> Storage and backup

> Data access

Analysis services
> SCADA Data analysis
> Vibration analysis

> Analyses on demand

Support services
> Root cause analysis

> Fleet optimization



Condition Monitoring (@ EnBW

> > 600 MW /210
WEC monitored

> Inhouse software
RADAR

Expertise

> Vibrations &
SCADA

> Structural health
monitoring

> Oil monitoring

> Material and root
cause analysis
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Methods for Condition Monitoring EnBul

Envelope spectra: WTG 01

Discontinuous, high resolution acceleration measurements

Order analysis to compensate for variable speed

Amplitude

Analysis of the envelope spectra (Bearing damage]
2012-12-03

Time synchronous averaging process (Gearing damage]) Soos e e
: 20121008 <L et :

Kepstrum (Gearing damage] 20120019 < frT Al e S A ——
2012-08-19 X{ TP
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Frequency [Hz]

2012.08.14 12:33
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Methods for Condition Monitoring EnBul

sl Continuous signals ] ]
(10 minute resolution) Modelling e.g. the bearing temperature

Bearing temperature

T > Measured y(t) Detecting imminent failure in
Gearbox temperature Y A increasing residual of modelled
Generator temperature | Residual e(t) ﬁ 0 minus measured value

Power

Wind speed Modelled y(t)

Pitch angle

Phase current .
Normal Behaviour;

.. Modelling .

Power factor

T T T T = ==---4Different approaches:

A
[ \
e | e moiet | ervoi | pimation |

Source: Weinert, J and Watson, SJ (2015) Wind Turbine Fault Detection by

Normal Behaviour Modelling, Midlands Energy Consortium Postgraduate

Student Conference. Full text: https://dspace.lboro.ac.uk/2134/22532
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Methods for Condition Monitoring EnBul
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Example 1: bearing damage

Temperature of a bearing in the generator

10-minute average values
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Example 1: bearing damage eEnBW

Temperature of a bearing in the generator

10-minute average values
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Example 1: bearing damage —&nBW
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Derivation of measurement data from normal behavior model (daily average):
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Example 1: bearing damage eEnBW

Discontinuous acceleration measurements (50kHz, 10s, rpm constraints]

Envelope spectra of acceleration measurements
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Example 1: bearing damage eEnBW

|dentification with kinematic data

Characteristic frequencies, harmonics, sidebands
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Example 1: bearing damage

Spectrogram / waterfall diagram

Hiillkurvenspektrum (Wasserfall)

x 10"
1
o
3]
=
i 0.5
@
E
= Q+ﬂﬂhvﬂﬁﬂﬂﬁiﬁﬂﬂﬁ“?~"“'f
E— 0 i T iy P —r s g A arITA | "sf:“' e e g
< %W i e L sl
2019-02-1 Eemwid - T kit IW T Fu e b [
Ry = e Ty sl
o e tene)
SR e ot L ket i i - *ﬁmmﬁ-ﬂw. :
s b et ot
20]9020 A, bl e ey .w\u- e . "
R e N A D i
2019-02-0 e rross 1 et T T 'm-wﬁ-i'qnnﬂ-r-w-r--'
P e A
& e mﬂﬂ‘ﬂ*~“"*ﬂﬂu—¢'¢qmpnwm :
2019-01-2 gy T
- T~ e ot S B
2019-01-2 MME : i Wﬂwww
2019-01-1 L i e Mo ool S ol o e S SR
o T W TRl e e e Pt e e et s
y gy n ‘ ] 1 |
2018010 e ST e LSty Sy St e ey &
P, -‘--ﬂ-ﬁﬂ-ﬁﬁqF““h 0 T ; .““.ﬂhﬂ'umﬂwﬁﬂﬂﬂ-ﬁﬂﬂl -
2018-12-2 W g A e e e
“MW ; M‘I 'l.“m.'m-" L~

2018-12-2
2018-12-1

100

Spreewindtage | 06.11.2019 | Dr. Lisa Ziegler

800
BOOD
500 600 700

300

Frequenz [Hz] 1000

EnBW

14



Later: Endoscopy confirming CMS diagnosis —&nBW

24/05/2016 10:34

Spreewindtage | 06.11.2019 | Dr. Lisa Ziegler 15



Example 2: Generator short circuit eEnBW

Loss of slot wedge in generator

Visible 4 months before short circuit

Hillkurvenspektrum (Wasserfall)
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Damage database —&nBW

Ausgang Temperatur Lager NDE Generator [Mittelw] (SLT01/G021 - WEA 21 - V:202044)
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> Optimization of operation and maintenance
> Improvement of monitoring characteristics
> Machine learning

> Automatization of diagnosis
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Summary

> Condition monitoring is crucial to reduce operational
costs and extend the lifetime of our assets

> Successful forecast of bearing damages with SCADA
data is possible

> Vibration analysis necessary for in-depth analysis

> Importance of damage database required to fully
utilize benefits of machine learning
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