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MonitorX - Aims

Results

* Model and algorithms
for fault detection
(and optimal lifetime
utilization)

* Demonstrate practical
application in selected
power plants (cases)

Benefits

* Reduced maintenance costs by ... :

* ... avoiding (catastrophic) faults ...

* ...avoiding unnecessary component
replacements ...

e ... prioritizing the most critical
components for maintenance ...

* ... optimized maintenance ...

 ...through early warnings of
ageing and potential faults.

Modelling &
algorithm and
prototype
development

Problem/case
identification
and description

Knowledge gain

* How can operators
utilize the mentioned

for plant maintenance?

What are possibilities,
challenges & restrictions?

How can monitoring data
be used to carry out
maintenance more
predictive?

Testing /
demonstration



MonitorX — Project phases

Status and case identification

Initial phase

Main phase - Case development

Final phase
Case finalization
and documentation
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MonitorX — Cases

b= Am ___________________|Mainpartners

vevelop new methods for online fault detection of NTNU, Vattenfall, Eidsiva,
generator rotor faults Statkraft
Detecting faults and degraded condition of drainage NTNU, SINTEF, TrenderEnergi,

Rotor fault detection

Condition mo

nf numps umps using SCADA data Vattenfall, Voith
ce Anomaly and fault detection in power station by Andritz, Statkraft
LS turbine/generator monitoring sound/noise from the hydropower unit
- Cond. mon. rotating Anomaly and fault detection in power station by NTNU, Statkraft
priiinment monitoring vibration and other high frequency data

L . Algorithms for early detection of bearing faults using Comillas University, BKK,
Bearing monitoring

SCADA data SINTEF
Kaplan nyaraulic Algorithms for monitoring of Kaplan hub mechanism Comillas University, Glitre,
7 svetem monitorin and hydraulic system using SCADA data Vattenfall, Skelleftea

ransformer Identification of abnormal temperature behaviour SINTEF

e miSinoring

- SCAUA gata Establish good and continuous access to SCADA data Voith, TrenderEnergi
i collection system
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Manufacturers and service providers —
New products and services

|||||||

Maximize the availability of your
hydropowar plant with Hetris DiOMera
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C1. On-line detection of rotor faults in hydrogenerators

$
* Aim: Develop new methods for online fault detection ‘li
of generator rotor faults S [ e
=t I =
* Results =» Lo =g
* FEM analysis of generator in healthy and faulty state | }'_,. .. S
* Frequency analysis of (simulated) voltage and current signals ”!H“

* Method can also be used to detect other types of faults

. m
* Ongoing (HydroCen) Y
. . . &8 2
* Testing of method at laboratory (PhD, NTNU)  Eidsiva 2
—> Proof of concept in lab ®NTNU g
B
* Assessment of how different faults 2
. . VATTENFALL — o 50 00 150 200 250 MO IS0 400 450 500
influence the frequencies - Frequency (Hz)
11 Reference: Valavi, M., Jorstad, K.G., Nysveen, A., "Electromagnetic analysis and electrical signature-based detection of rotor inter-turn faults in

salient-pole synchronous machine", IEEE Transactions on Magnetics, accepted for publication, available online, DOI: 10.1109/TMAG.2018.2854670
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C1. On-line detection of rotor faults in hydrogenerators

¢
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° Alm: Develop now mothnade fAr Anlina fanillt Aatacrtinn

of generator 7 ° < 5oz | et | S
© e U
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* Results @ . eaitny |
E 50 - 25Hz | o
* FEM analysis = |
e Fre S ' 125Hz fl 47512
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Q -100 - +
* Methodcanz © i .
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* Ongoing (Hy« = 450 | ‘ |
: ) VAR'R / 'f 1
* Testing of me a
- Proof of cc @ e | |
e Assessment o 0 50 100 150 200 250 300 350 400 450 500
influence the .. cquc.ciee Frequency [Hz]

Reference: Valavi, M., Jorstad, K.G., Nysveen, A., "Electromagnetic analysis and electrical signature-based detection of rotor inter-turn faults in
salient-pole synchronous machine", IEEE Transactions on Magnetics, accepted for publication, available online, DOI: 10.1109/TMAG.2018.2854670



C1. On-line detection of rotor faults in hydrogenerators

i
e Aim: Develop new methods for online fault detection i,
of generator rotor faults
New %
e Results frequencies = 1 =7
: : vissible e 3
* FEM analysis of generator in healthy and faulty state (peaks) when @ '
° H H . diti ' "l-j.l..’?-_;_,:__ i e e
Frequency analysis of (simulated) voltage and current signals €onaition P H S

changes
* Method can also be used to detect other types of faults

. =)
* Ongoing (HydroCen) -
) e 3 o By %
* Testing of method at laboratory (PhD, NTNU)  Eidsiva 2
—> Proof of concept in lab ®NTNU g
£
* Assessment of how different faults 2
. . VATTENFALL = o =™ w00 10 200 250 300 3 40 4% 500
influence the frequencies - Frequency (Hz)
13 Reference: Valavi, M., Jorstad, K.G., Nysveen, A., "Electromagnetic analysis and electrical signature-based detection of rotor inter-turn faults in

salient-pole synchronous machine", IEEE Transactions on Magnetics, accepted for publication, available online, DOI: 10.1109/TMAG.2018.2854670



C5. On-line detection of rotor faults in hydrogenerators

B — EE"*" | Training set, close up of 2007 _|
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C5. On-line detection of rotor faults in hydrogenerators

= Training set, close up of 2007
* Aim: Algorithms for early detection of &
M M M uw [ — ™ i
and following up degradation using S( § e I T
gas- y
[ ]
Results NE, | |
* Different model . Test set, close up of 2017
clustering) andig | T rl
plants ?é'm- ”%c( | ( mdt WP- K — Real values | -
355 B A LR i '1“—r"““r"“"""'“|“ ’ ~——— Prediction
g Em - { — L - -
g“' £ Oct 15 Oct 22 Oct 29 Nov05 —
51 em Bl ﬁ45 [ | Date
i |
: :; o 8 35| S
b 52 .-IEJ' _tng — Real values T g Wo0 M0 M00 400 000 600 700
- - 530 ‘{ ; .
R o 3."-:--""":". | o) \ Prediction - Squared Errerinomabes
o E: 25.Jan(]ﬂ Jan13 Jan18 Jan23 Jan28 Feb02 Feb07 Feb12 Feb17 Feb22 ams {
e @ i° .. Dee i
15 COMILLAS - — R (N Ny ool N o S
Guide_vane_opening %] R R © 1w Moo M0 o0 W 0w ow W0 200 XM 40 M0 00 oo




C5. On-line detection of rotor faults in hydrogenerators
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C5. On-line detection of rotor faults in hydrogenerators
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C5. On-line detection of rotor faults in

B

* Aim: Algorithms for early detection of bearing faults §

* Results N BKK Bl
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C7. Fault detection for power transformers

* Aim:
* Detect transformer faults through monitoring of temperature behaviour

* Use similar models as developed and tested for C6 for other application

* Results
* ANN anomaly detection model tested with data from Uvdal transformer

* Quite large uncertainty due to that few input parameters (signals) ae available

Predicted vs actual value

— Prichitan
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System/platform for data collection and handling

\ - The:(digital) system / platform /

- 18 - ant ai
i L any
arcene ¥ & &t
e =1 @
A 1
H -] = h
[ I TIRREL LIRSS 1} TR
Tl ] NI T &
- miiy
TR ¥ i
e

Data — Data
collection gmmms analysis

||||||

SUOISIDapP 1 1YSISu|

21 (9 SINTEF



Types of models

Y
= £(X1,X2)

= £(X1,X2)
=?

= X1+ X2
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Types of models a @

simple

C2

Ccé

c7 C1

Cc4
C5

advanced

Cc3
physical

Cé
Cc7

C4 C5

data-
driven

standing

e Visualization of data — x(t)

* Simple models

(e.g. duration start & stop sequences, valve

opening, etc.)

* Simple statistics, correlations, trending, etc. WL

* Advanced statistical analysis,
frequency analysis, machine learning

Hydropower:

High reliability & few faults
- Normal behavior models
- Anomaly detection

(9 SINTEF



Resolution
(Granularity)



Type of data and data resolution

MonitorX case MonitorX case
Detection of rotor Monitoring of drainage
inter-turn faults pump behaviour

e (min.2...)4kHz e approx. 30 sec. values

MonitorX cases

Bearing and Kaplan
condition monitoring

* 1 hr average values
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e Scalability / transferability:

* Large scale implementation

* Application of a model developed and tested with data from one component to same
type of component in other power plant (unit) or to similar components/problems

* Some (general/simple) models can directly be used for all
plants/components of same type

* Input data sets can be different and models must be rebuilt

* Models that are based on learning need usually training with data set
from plant/component model is used for

(9 SINTEF
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Example from power  suse
. . plant operator: e o
Reference designation system  Thevhavearound iz cov
10 signals for thrust  suace MOAUT
sosd W A of hat

bearings.

S — -

Example from power plant operator:
They use 427 different names for

e Consistent designation of different signals from

different systems/components these signals
| <------—-—-Signal designation with signal connection information ——-——--—3| .
|<——— Signal designation - >| Lansering RDS-Hydro Power - Et felles
Object designation | ; | Signalname | : | Signal connectionID | ( | Additionatinfo. | ) sprak for digitalisering av vannkraften
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RDS PP, KKS, EBL-code, ...  |EC61175-1:2015 e
* Object designation po—
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* Need for a consensus (and new RDS that fulfils principles above) s fwoe
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Responsibility, competence and work processes

Responsibility Competence Work processes

* New technology
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