Anomaly Detection of a CCGT Cooling Water Pump Based on
Its Virtual Digital Twin Constructed with Deep Learning
Techniques
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The vision of DDM

v' On July 24t 2019 a new initiative was introduced at the Endesa Open Space to apply Artificial
Intelligence aimed to the optimization of the power generation asset management by means of Machine
Learning algorithms. This initiative called Data-Driven Maintenance is made up of two main pillars:

« Change the current Maintenance Culture towards a "Digital minset applied to Maintenance"
through the development of Data-Driven Maintenance projects and training plant staff in machine
learning techniques:

M
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« Digitalization of the Ordinary Maintenance Management through a Digital Platform that would
respond all the needs of the Plant Maintenance staff.

Plataforma GM digitagli
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The dawn of Al

¢cWhat is the purpose of Al?

“To proceed on the basis of the conjecture that every aspect of learning or
any other feature of intelligence can be in principle be so precisely
described that a machine can be made to simulate it”.

¢What is the goal of Al?

John MacCarthy Marvin Minsky ' Claude Shannon Nathaniel Rochester
“The goal is to make machines use language, develop abstractions and
concepts, solve problems usually reserved for people, and improve”.

T R <%

IN THIS BUILDING ‘DURING THE: SUMMER: OE 1956

ClWhat IS Prescrlptlve Al’) JOHN McCARTHY (DARTMOUTH COLLEGE), MARVIN. L. MINSKY. (MIT)
N,f\l'HAN[L‘[; ROCHESTER (IBM), AND CLAUDE S‘.HANNOI’\;' r_BiEi_L LABORATORIES)
CONDUCTED
It is a type of Atrtificial Intelligence that is designed to provide THE DARTMOUTH SUMMER RESEARCH PROJECT
recommendation, solution, or actions to optimize a specific process or PN ARE RlAAL INTEALAGENGE
outcome. It usually uses machine learning algorithms and other advanced FIRET YSE OF THE TRRM “ARTIFICIAL INTELLIARNCE”
technologies to analyze large datasets and generate recommendations G “f‘:mc"“d‘”E:‘L:fmf‘:” T
i i prld e ntadib s lor SRS
based on the data. G N T e
CWhat IS Generatlve AI’) IN COMMEMORATION Ofu'il:'Elgflg)éggT'S 50th ANNIVERSARY

It is a type of Artificial Intelligence that can create original content—such as

text, images, video, audio or software code—in response to a user’s prompt or Campus of the Dartmuth College (EEUU).
request. Summer workshop August 31rst 1956
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CATEDRA | +8.

APLICACIONESDELAIA 5
AL MANTENIMIENTO | comuias
BASADO EN DATOS | NS

Meaningful
Compression

Structure Image

) e Customer Retention
Discovery Classification

Big data Dimensionality Feature Idenity Fraud

isualistai . Classification Diagnostics
Visualistaion Reduction Elicitation Detection

Advertising Popularity
Prediction

Learning Learning Weather

Ferecasting
-
M ac h I n e Population

Growth
Prediction

Recommender Unsupervised SUPGersed

Systems

Clustering Regression
Targetted

Marketing Market

Forecasting

Customer

Segmentation L e a r n i n g

Estimating
life expectancy

Real-time decisions Game Al

Reinforcement
Learning

Robot Navigation Skill Acquisition

Learning Tasks

Source: Machine Learning Types #2. Supervised Learning | by Rajesh Khadka | Towards Data Science

c

8l

de

IS
9

Q


https://towardsdatascience.com/machine-learning-types-2-c1291d4f04b1

Data-Driven Maintenance (DDM) oy | e, | endeso

BASADO EN DATOS
Maintenance strategy

Evolution of Maintenace Strategy

Irst Generation

2nd Generation
3rd Generation

Next Generation

Takes place after Occurs at pre-
failure has already determined Occurs at pre- Precription of
occured intervals determined mitigation solutions
intervals for optimum results

Lifecycle cost

Passive in nature Active in nature Proactive in nature Proactive in nature

Maintenance strategy

Traditional Prognostics Data-Driven
reliablity and Health Maintenance

engineering Management (DDM)



Data-Driven Maintenance (DDM)

Types of Data Analysis

Precriptive analysis: answers the question,
“what should be do about it?

Predictive analysis: answers the question,
“what might happen in the future?

Diagnostic analysis: answers the question
“why did it happen?”

Descriptive analysis: answers the question,
“what happened?”

Asset mcmagement

GM
Platform

Decision
support

Prognosis

Performmance and Health
Assessment

Condition monitoring

Control & Supervision

Plant instrumentation & sensors
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Actionable Information

Big Data



Data-Driven Maintenance process
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Case study: Anomaly Detection of a CCGT Cooling Water Pump Based on its Virtual Digital Twin

Global Maintenace Twin: GM

« Maintenance management of the circulating water pumps (CWP) of a Combined Cycle Power Plant at
Granadilla (Tenerife, Spain).

« Two Virtual Digital Twin developed to emulate the normal behaviour of the CWPs in the absence of
malfunctions.

« Early anomly detection module of the CWP failure modes.
* Risk assessment (Time to Failure and Severity).
« Maintenance resource planning.

« Generative Al designed to provide recommendation, solution, or
actions to optimize the operation and maintenance of the CCWs.
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Case study: Anomaly Detection of a CCGT Cooling Water Pump Based on its Virtual Digital Twin
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Case study: Anomaly Detection of a CCGT Cooling Water Pump Based on its Virtual Digital Twin
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Case study: Anomaly Detection of a CCGT Cooling Water Pump Based on its Virtual Digital Twin
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Case study: Anomaly Detection of a CCGT Cooling Water Pump Based on its Virtual Digital Twin

Failure Mode, Effects and

Analysis (FMEA).

Normal Behaviour Model based
on Deep Learning Neural
Networks (DLNN) and Deep
Reinforce Learning (DRL).

Monitoring of main parameters
under actual working conditions.

Assessment of the risk of failure.
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Case study: Anomaly Detection of a CCGT Cooling Water Pump Based on its Virtual Digital Twin
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Case study: Anomaly Detection of a CCGT Cooling Water Pump Based on its Virtual Digital Twin

Actual and predicted values by the DLNN digital twin.
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Case study: Anomaly Detection of a CCGT Cooling Water Pump Based on its Virtual Digital Twin
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Case study: Anomaly Detection of a CCGT Cooling Water Pump Based on its Virtual Digital Twin
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Al versus humans - who does it better?
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Applications of DDM

. i ) ] Anomaly detection of combustion
1.- Combustion diagnostic algorithm dynamics (DLN combustors)

Digital twin of the thermal-stress
2.- 6B GT rotor replacement based on behaviour of a 6B gas turbine rotor
condition by means of a Digital Twin components.

Medidas Reales vs Medida Estimada lineal (NOx Bruto)
04/04/2020 - 19/05/2020 (10m)

GRAFICA LINEAL
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. .. . _ Failure pattern analysis and
3.- Failure pattern analysis in diesel engines  prediction environmental events

of RTA76 diesel engines.

500

_ Anomaly detection of combustion
4.- Exhaust Temperature Analysis of 6FA issues by means of thee xhaust

Gas Turbines temperatura evolution
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Applications of DDM

Digital Twin of the 6FA gas turbine
compressor for their efficiency
optimization and off-line water
washing interval definition.

5.- Optimisation of compressor performance
in 6FA Gas Turbines

Proprietary algorithm for SRepertng aMIdgtal
6.- Definition of maintenance intervals calculating the hours and starts for B
di to th tual di tch of th the 6FA Gas Turbines maintenance
according 0_ € actual dispaich o € definition based not only on the II .
6FA gas turbine operating hours and starts, but also - e |

on the dispatch load

Optimizacion de intervalos entre revisiones

Transformation of natural language
7.- Natural Language Processing (NLP) and into formal language, which

Maintenance Management. computers can - process for
maintenance management

purpose. —EE S = =

. _ Web platform for digitalization of '
8.- Digital Maintenance Platform the regular maintenance PIataformaGMIdigital%/\g e\
management.
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