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A Few Examples of ML Application in Transformers

1. Transformer Condition Assessment with ML (Cigre Paris, 2018 Paper)

2. Train ML Algorithms with Duval Pentagons

3. Load Forecast Based on dynamic online monitoring data

4. Use ML to detect bushing insulation failure

5. Probabilistic Bayesian Networks

6. The Superminds Project

PS.: All the above ideas are Patent protected
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Machine Learning Application 1:

Transformer Condition Assessment with Machine Learning
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CIGRE Paper 2018
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The Basic Idea
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Safety, Integrity and Quality - our licenses to operate 

Organization
We learn from events and experience and focus on human factors

Skills
We are all competent in Safety, Integrity and Quality 

Processes
We know the rules & processes, apply them and continuously improve 

Compliance
We act with transparency and speed to mitigate disruptions & liabilities

Digital	
We leverage technology to efficiently prevent, detect and resolve 

Five pillars to drive our culture and performance and make Safety, Integrity and Quality, part of our DNA  
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The dataset (800 training cases, 200 test cases)
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Data Preparation in Machine Learning (70-80% of effort!)
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Missing data

Data imputation
strategies

More like a star?

Avoid collinearities,
Remove low variance
features, etc..

How to handle outliers?
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Best ML Algorithms (10-fold CV training, with 3 repeats)
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?

200 New Cases

Presenter
Presentation Notes
Claudio’s slide:

Safety, Integrity and Quality - our licenses to operate 

Organization
We learn from events and experience and focus on human factors

Skills
We are all competent in Safety, Integrity and Quality 

Processes
We know the rules & processes, apply them and continuously improve 

Compliance
We act with transparency and speed to mitigate disruptions & liabilities

Digital	
We leverage technology to efficiently prevent, detect and resolve 

Five pillars to drive our culture and performance and make Safety, Integrity and Quality, part of our DNA  



© 2022 Hitachi Energy. All rights reserved.
Internal

9

Machine Learning Application 2:

Train ML Algorithms with the Combined Duval Pentagons
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Combined Duval Pentagons – Energies 2020 Joint Paper with M. Duval
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Train ML Algorithms with the Combined Pentagons – Artificial Data Generated

1
1

Artificially generated points inside the
Pentagon may not correspond to actual
transformer data BUT actual data will
 necessarily fall within the limits of the
Pentagon → covering the whole Pentagon
with artificially generated points will
necessary represent all possible cases
of real transformers!!!!

The Catch
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Machine Learning Application 3:

Short term load forecast – Optimizing Loadability
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Short-time Load Forecast

Estimate overload capability at to

2019
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Short-time Load Forecast

1
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1 week of hourly data

Training data validation
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Short-time Load Forecast (no retraining)
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ML Mean Prediction Error ≅ 1%
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Predicting 2h, 4h and 8h ahead
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Machine Learning Application 4:

Dynamically detect insulation failure (cap./pf)
using ML forecasting capability
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Detect Bushing Capacitance and Power Factor failure with ML
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raintan δ 

Capacitance, C

tan δ 
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Dramatic Deterioration in ML Prediction with Change in Cap.
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Machine Learning Application 5:

Dynamic transformer condition assessment
using Probabilistic Bayesian Networks (digital twin)
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Typical customer failure rate

Build a Probabilistic Fault Tree Using Major Failure Modes (RCM)
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Nodes probabilities dynamically updated in many ways
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Online sensor data
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Online sensor data

Laboratory data

Maintenance data

Electrical tests

Failure Probability

Nodes probabilities updated in many ways
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Integrate Solution into APM (the digital twin)
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Customizable boundaries
between green, yellow, red
xy = constant
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The Superminds Project (Patent granted in 2022): 6
Create the Infrastructure to offer Transformer Users an AI Powered Engine

for Statistical Analysis/Condition Assessment of their Assets
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Users join by “membership”
and their data is anonymized

NLP (LLM)

AI Generated Probabilistic Scenarios

Anonymized
 Database

SME Knowledge Pool

AI Engine

Superminds Idea

AI Engine Respond to user’s queries, providing
most likely scenarios, stats, recommendations for action, etc.

Build a SME guided knowledge pool and users’ anonymized database from which AI/ML Applications may
extract information, learn about statistical patterns of “similar assets”, associate user’s experience to knowledge
and HE experience, build possible scenarios and correlations and provide the end user with recommended actions! 
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Thank You!
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