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Wind Turbine Major Components Failure
Predicting Based on SCADA Data Analysis
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LongYuan Power Wind Energx Overview/Portfolio

>15 GW Wind Energy >11000 Wind Turbines >160Wind Farms
22 Different Turbine Manufacturers 90 Models
Investment, Design, Development, Construction, Management, O&M service.

Owner maintained more than 75% turbines in China
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What we use SCADA data for
R

KPI PBA Benchmark analysis
of Provincial company
B KPI
MTBT I | 1

Benchmark analysis
of wind farms KPI

MTBR Turbine by turbine
analysis

—[ Power Curve Monitoring

e Automatic classification

*Anomaly detection
*Anomaly data mining

[ Failure Predicting and Monitoring

*Blade
* Gearbox

*Generator

.I e Converter
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Major Component Failures in LongYuan, 2015
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Based on the classical methods and physical rules

Time sequence of oil temperature analysis

= r-'m|\g,|n, e ] B e s oy Toe | e Tt o e e s s

T Ml B 1t T Mol Gt M s msles

T
= i s
el P
E——

ol ¥ \nf

Vibration signals analysis
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Transmission ratio analysis
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Root Cause analysis
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1. The lubricant is used to cool down the gearbox
2. The change of the lubricant pressure follows the change of the power output.

Compared with the gearbox oil temperature, the lubricant pressure is more resistant to
the impact of the environmental temperature.
3. If there is the mechanical wear on the gearbox, the iron scrap will fall into the
lubricant oil and the lubricant pressure will change.

Therefore, the lubricant pressure, P,, is chosen as the predictive objective.
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The model for Gearbog — Deep Neutral Network

Input Layer Hidden Layers
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- |z |z Gearbox oil temperature, T,
% § % gﬁV\]/cer output, P, .
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SCADA Data Collection  Mapping Model Training Monitoring
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The schematic diagram of DNN
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The model for Gearbox — DeeE Neutral Network

Deep Neutral Network
The trained model is

é = f(T,,T.,P)
The activation function:
t —t
tanh(t) = =
e +e

The training process of DA is to learn the parameters,
N
{Wn,bn}:argminzi(l3 ~-P)’n=01---,L
W,.b, = 2 I !

EWMA Control Chart »
z, =Ae, +(1-A)z_,

The upper and lower EWMA control limits depend on time
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UCL(t) = g, + LO'er\/ - 2n
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Cases - Gearbox
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Question: Can this method be used for Blade?

' Sample Sample
'H . The EWMA chart of normal and abnormal turbines
h A b . “7 ) :



& REENREBHARAD

The model for Blade — deeE autoencoder

Parameter Notation
wind spead v,
power F
Eeconstnicted Featres X generator speed Y
rotor speed v,
I LR S U1l voltage o
U2 voltage s
I:[ 13 voltaze =
Ul current I
T2 current I
b4 U3 current I
fact A
Featrre S SN [ —— power factor %
Selector ¥ . l""‘ll power gnid frequency I
wind direction n,
i wind angle a,
blade angle &,
i environment temperamre T,
nacelle temp eratnre I
Leegrer L gearbox odl temp eraure I "
hydranlic oil temperamre I
Ul winding temperature T,
gearbox axis 1 temperature Ty
gearbox axis 2 temperature T
motor bearing A temperatire T,
. 3 motor beanng B temp erature Iz i
Schematic diagram of Deep Autoencoder generating capacity P, |
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Cases - Blade
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« The DNN model is applicable to identify impending gearbox failure base on SCADA data.
« The DA model is applicable to identify impending blade failure based on SCADA data.

» The proposed method raised alarms early enough for the replacement or repair.

» There were no false alarms for failure monitoring.

» The effectiveness of these methods needs to be further examined by more cases.

» At present, these models have been deployed for monitoring the failure in a wind farm of

Longyuan.
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Question?
LI Shaowu
lishaowu@clypg.com.cn

Z=22H: Li Shaowu

LongYuan(Beijing) wind power engineering technology Co., LT

trict, Beiji

Adr : The 6-9, North Avenue Fuchengmen Xicheng Dis

Tel : 010-63887171

Mail : lishaowu@clygp.com.cn




