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Frequency Response Analysis (FRA)

Transformer is a complex system of inductances, capacitances thus resonances over frequency
=> FRA is a sensitive signature of a given design, especially the winding types
=> Voltage ratio (in dB) between two terminals and phase shift measurements

=> Like seeing into a “black box” : T T - e
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A core

B interaction between windings pEe
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Source: CIGRE Technical Brochure #812, 2020, Advances in the interpretation of transformer Frequency Response Analysis (FRA) Figure B.6 — General relationships between frequency response and transformer

structure and measurement set-up for HV windings of large auto-transformer
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FRA and winding types

7

Windings can have different designs... and FRA patterns!

=> Interesting for diagnosis. Risky... or not?: that is the question ©

5MConﬁnd6us
on HVs

Magnetic core L

Easy to measure ©
Hard to understand ®
Experts needed... or Al support in future?
24 23 22 21 20 19 18 17 Let’S try!
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FRA is sensitive...

Many factors can influence the measurements ® in that case Al classification needs expert knowledge!
at first... at least ©

T <

External influence

A Variation over
a DC test

"~

Bad dynamic range
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Data and Al: it works... when set ©

= EDF and Omicron tried to somehow improve it...
Especially that FRA tests knowing winding design or confirmed problems are not that easy to find...

£
Layer 3 Q "2

L

Assesced Data Artificial intelligence
O— Any techniques that enable machines
Artificial intelligence

to solve a task in a way like humans do

Machine learning

E - — Machine learning

Algorithms that allow computers to leam from
La.fer 2 — P | examples without being explicitly programmed
Valid Data =

Deep learning

A subset of Al which uses models and automatically builds a
hierarchy of data representations

Layer 1
Raw Data
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Nichols plots => try to automate pattern prediction

> Nichols plot + histograms is a representation between amplitude and phase => not classic analysis.
> Applied with histograms and on typical frequency sub bands (significant).
A B C D _ __EF
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Source: L. Veldsquez Contreras et al.,



TRANSFORMERS MAGAZINE'S
INDUSTRY NAVIGATOR

Pattern prediction of measurement type

» On 20 Hz -> 30 kHz sub band + > 20 000 cases analyzed => 89% of recognition success ©
» Improve automatic analysis!

Table 2. Comparison of SFRA measurement types (20-30 kHz)

Measurement type Nichels plot (scaled) Nichols plot histogram (scaled)

Figure 1. End-To-End Open Circuit Figure 14. End-To-End Open Circuit
End-to-End i
Short Circuit | ; | I 1
Figure 15. End-To-End Short Circuit Figure 16. Michols Histogram End-To-End Short Circuit

c
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nnection diagram for a capacitive Figure 17. Capacitive Interwinding Figure 18. Capacitive Interwinding
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Pattern prediction of winding type
» On 30 kHz -> 600 kHz sub band + 17 cases analyzed => 85% of recognition success ©

» Improve automatic analysis!
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Table 3 Comparison of high and low voltage winding types (30-600 kHz)

Winding type Nichols plot (scaled) Nichols plot histogram (scaled)

oooooooo HV) i =

S | e

| ]
Figure 22. Continuous Disk Winding (Hv) Figure 23. Continuous Disk Winding (HV)
TC (HV) B
igure 24. CTC Winding (HY) Figure 25. CTC Winding (HV)
mmmmmm (HV)

Figure 26. Shielded Continuous Disk Winding (HV) Figure 27. Shielded Continuous Disk Winding (HV)
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Conclusions

> Nichols plot histogram + Al classification of FRA (windings, types of tests) can improve diagnosis ©

» FRA automatic analysis with Al can help users and experts for a more efficient diagnosis.

» This FRA field is still under development © let’s continue!
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