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Schneider Electric: EcoStruxure Transformer Expert

How to monitor your transformers risks

Continue to perform oil Install innovative sensors to ETE analyses and correlates

sampling and testing. record data online. data in a single view to
anticipate irreversible trends.
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ETE Oil Analysis & Insight Interaction Architecture

An ETE software model that enhances the data platform available for ETE Insight analysis

Objective

A low cost central repository for oil test data

Make use of all readily available data to drive
better analysis of Tx status

All data mapped against well accepted
International standards

Deliver a single site for oil test data collection

Provides easy access to oil test data via
unlimited cloud based access for corporate users

Secure password protected data

Easy & automated upload process using oil test
laboratory format (.csv file)
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Offline Oil Test Data Model

ETE Cloud
Processing

ETE Oil Test
Data Model

Oil Test Data
.csv file

Doernenburg Ratio
Analysis

Roger Ratio Analysis
IEC Ratio Analysis
Duval Triangle 1,4 & 5
Duval Pentagon 1 & 2 Oil Gas Level Indicators

Interfacial Tension
DP by Furans
Dielectric Strength
Moisture in Qil
Acidity in Oil

IEC Oil Analysis

* Doernenburg Gas
Analysis
* Roger Gas Analysis

Fault Indicators

LifelsOn | Schneider
Confidential Property of Schneider Electric | Page 6 9 Electric

Internal



Oil Test Data & ETE Insights Cross Correlation Model

ETE Temp,
Moisture, DP,
Vibration, PD

Models

Oil Test Data ETE Insights Model

Model

International
Standards
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CONCERN CONDITION INDEX DATE OF EVENT

High C02/c0:2.97 [D| Solid Insutation [B 24-Nov-2021

Threshold: < 3.0

The transformer is generating significant gas associated with low temperature (<= 150°C) aging,
passibly in 3 concentrated location. This could be due to a fault, excessively high operating
temperatures, or corona affecting the cellulose insulation.

CONCERN DGA ANALYSIS DATE OF EVENT

Thermal Fault <700 °C 16-Dec-2021

Raogers analysis indicates that a medium temperature thermal fault exists in the transformer.
This type of fault is very dangerous and likely indicates that power current is involved.
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Oil Test Data & ETE Insights Cross Correlation Model

Below is an example of how ETE provides comprehensive insights and recommendations to avoid
transformer failure.

conNcERN CONDITION INDEX DATE OF EVENT
Low DF : 300 [ & Dietectric 5 16 Aug 2022
Threshold: = 400 DF ~

Tha Transformar has degraded cellulass insulation DF (Degres of Polymarization). Low DF papar has poor mechanical strangth and this can result in cracks, voids, and poor interwinding separation strangeh.

Recommendation

The transformer is aged but bast practice indicares it still has usaful life (in the abssnca of other fault signatures). That life can
be maxmized and the replacemant data dalayed by ensunng moisturs lavels are low, periods of high (near namepilate Load) is
inimized, and the ing system (i g oil) is serviced for maximum efficiency. Due to the aging state of the transformer

insulation. a careful approach should be taken when interpreting other signs of partial ge. arcing. or .

Further Reading

Liioloctric Risk Indosx
The Life of Your Transformer 03

2030 2040 Z050 080 2070

Tire Orears) Afler Seosor Toestallation

P Forecast Tolerance ----- PP Horspor oo - PP Top @ End of ife = Ol Tesr DP with Tolarance

Today

concERN CONDITION INDEX DATE OF EVENT

Low D : 300 [& 16-Aug-2022

Threshald: < 400 NP ~

The Transformer has degraded cellulese insulation DP (Degrec of Polymerization). Low DP paper has poor mechanical strength and this can result in cracks, voids, and poor interwinding separation strength.

Recommendation

DP Forecast
1he transtormer is aged but bast practice indicates it still has usstul bfe (I the absencs of other fault signaturses). | hat bte can
be maxim: and the L date by ensuring moisture Llevels are Low, periods of high (near nameplate load) is
minimized. and the cooling system (including oil) is serviced for maximum sfficiency. Due to the aging state of the transformer

Insulation. a caretul approach should be taken when Interprating ather signs of partial discharge, arcing, ar vibration.

Further Reading

Dielectric Risk Index
The Life of Your Transformer T

Deyee of 2 vmertsadon (OF)

ECET) Zo040 Z0s0 Zos0 Zo070

Time (rears) After sensor Installation

DP Foracast Tolerance ----- DP Hotspot ----- DP Top @ End of Lite - Ol Test DP with Tolerance

- Today
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EcoStruxure Transformer Expert

Oil Test Data Output - International Standards
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Roger Gas Limit Analysis

The ETE platform generated graph from the concentration of H,, Methane, Ethane, Ethylene, Acetylene and
CO in each oil test.

Risors ke il Aol «  Only applicable if at least one of the
gases is at a concentration above the

benchmark value.

1000~

[
]
[=]

« If there are no gases meeting this
requirement, the analysis is not
applicable.

Gas concentration {ppm)
=
|~I- =

* The background grey bars show the
benchmark value of each gas.

o
=
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Roger Ratio Analysis

Using Roger Ratio Analysis, ETE provides insights into potential faults in the transformer.

Rogers Ratio Analysis

Thermal fault
=700°C

Thermal fault
<700°C

Low
temperature
thermal L4

High energy
arcing

Low energy
arcing

Normal

02-Aug-2018  04-Feb-2010 13-10l-2021 24-Nov-2021  16-Dec-2021

Oil Test Date

Threshold not met for analysis
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The severity of the fault is represented by colour.

If the required threshold is not met for the
analysis, the results will be shown as a thin
green line.

Please note these graphs provide an analysis
using IEC & IEE standards. The limitations
described in the relevant standards apply.
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Doernenburg Gas Limit Analysis

The ETE platform generated graph from the concentration of H,, Methane, Ethane, Ethylene, Acetylene and

CO in each oil test.

Doernenburg Gas Limit Analysis

1000

100+

Gas concentration (ppm)
=
1

Howver over each bar for more information Zoom by clicking and dragging over an area
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Applicable regardless of gas
concentration level.

If a gas concentration is under the
benchmark value, it is diagnosed as
‘normal’.

The background grey bars show the
benchmark value of each gas.
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Doernenburg Ratio Analysis

Using Doernenburg Ratio Analysis, ETE provides an indication of potential faults in the transformer.

Doernenburg Ratio Analysis W Info

Thermal °
decomposition
Partial
discharge
Arcing ‘ ‘ ®
22-Oct- 21-Aug- 0d-Aug- 07-Sep-  09-Aug- 30-Deec- 19-Aug- 1B-Oct-
2014 2018 2016 2018 2019 2019 2020 2021

Qil Test Date
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The severity of the fault is represented by colour.

If the required threshold is not met for the
analysis, the results will be shown as a thin
green line.

Please note these graphs provide an analysis
using IEC & IEE standards. The limitations
described in the relevant standards apply.
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IEC Ratio Analysis

The ETE platform uses the three commonly analysed gas ratios of C,H,/C,H,, CH,/H, and C,H,/C,H; to plot

this graph.

IEC Ratio Analysis

Thermal
fault =700°C

Thermal
fault =300°C
& <700°C

Thermat
fault <300°C

Discharges
of high
energy

Discharges
of low
energy

Partial
discharge

2014 2015 2016 2018 2019

Qil Test Date

22-Oct-  21-Aug-  O&-Aug- 075ep-  09-Aug-

18-Oct-
2021
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The severity of the fault is represented by colour.

If the required threshold is not met for the
analysis, the results will be shown as a thin
green line.

Please note these graphs provide an analysis
using IEC & IEE standards. The limitations
described in the relevant standards apply.
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Duval Triangle Method

The ETE platform provides a range of graphical representations to support the interpretation of DGA results,
including the Duval Triangle method, which assists in diagnosing faults.

« Based on three key gases of CH,, C,H,
Duval Triangle 1 and C2H2_

 (Gas concentrations are calculated and
then plotted along each side of the
triangle.

« The triangle is subdivided into fault zones.
The fault zone in which the point is located
indicates the likely fault diagnosis.

100 C2H2 0

® 2021-12-16 @ 2021-11-24 @ 2021-07-13 @ 2019-02-04 @ 2018-08-02 ° Should Only be used In ConjunCtlon Wlth
.:Ei::::::;::i:znatenea_ faded with black outline indicates trace gas results only. e Ot h e r tests aS th IS m eth Od Ca n n ot I d e ntlfy
AAEGE § “einar a normal condition (i.e., no fault).

B Thermal fault >700°C
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Duval Triangle Method

Duval Triangle 4 & 5 are used in the same manner, assisting customers in obtaining more detailed information
about sub-types of thermal faults.

Duval Triangle 4 Duval Triangle 5

100 C2H6 (1]
100 C2HE o

@ 2021-11-24 @ 2021-07-13 @ 2019-02-04 © 2018-08-02
® 2021-12-16

* Red outline indicates a fault was detected, faded with black outline indicates trace gas results only.

* Red outline indicates a fault was detected, faded with black cutline indicates trace gas results anly. R — B Thermal fault >300°C & F00°C

B Partial discharges of corona type W Stray gassing <200°C B Thermal fault 5700°C B Stray gassing <200°C
B Possible paper carbenization [ I <250°C without carbonization of paper B i ctnisen n e i T
B Notdetermined or decided W Notdetermined or decided
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Duval Pentagon Method

This method is another graphical representation to support the interpretation of DGA results.

Duval Pentagon 1

C2Hs N CoH2

CH4 C2H4

@ 2021-12-16 @ 2021-11-24 © 2021-07-13 @ 2019-02-04 @ 2018-08-02

* Red outline indicates a fault was detected, faded with black outline indicates trace gas results only.

B Partial discharges of corona type B Discharges of low energy or partial discharges of sparking type
# Discharges of high energy B Thermal fault =300°C & <700°C

B Thermal fault 700°C B Stray gassing <200°C
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Uses all five hydrocarbon gases H,, C,Hg,
CH,, C,H, and C,H.,.

Six basic types of fault can be detected.

Should only be used in conjunction with
other tests as this method cannot identify
a normal condition (i.e., no fault).

Duval Pentagon 2 can be used to obtain
more information on thermal faults.
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Oil Quality Graphs

ETE uses oil quality test results imported by the customer to create five types of graphs.

Interfacial Tension
Dielectric Strength
Acidity in Oil

Depolymerization by Furans

Moisture in Oil

Life Is On ‘ Schneider
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Interfacial Tension

The interfacial tension is a measure of the molecular attractive force between the oil and water molecules. A
Low IFT can be a result of contaminants and by-products in the oil.

o : :
77 Interfacial Tension -1- Info . .
1. 77 Interfacial Tension W Info
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Dielectric Strength

This plot tracks the dielectric breakdown voltage of the oil. The dielectric strength of oil is generally reduced by
the presence of contaminants in the oil.

7 Dielectric Strength 77 Dielectric Strength
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Acidity in Oil
The presence of acidity in the oil is a threat to the transformer, causing it to age faster. It can also indicate the
formation of sludge which can impede oil flow and affect efficient cooling.

"7 Acidity in Oil 7 Acidity in Ol

£ i B 0,044 » o
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Depolymerization (DP) by Furans

One method of determining the DP of the transformer’s solid insulation is by measuring the level of furans in
the oil. This graph uses the Chendong model to calculate DP and plot it over each furan reading.

/- Depolymerization by Furans 77 Depolymerization by Furans
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DP History

Using mathematical algorithms and oil test history, ETE can plot the estimated aging profile of the paper

insulation. This graph gives insight into the rate of aging of the insulation since the beginning of its service to
its current DP.

1000+

800

600

400

Degree of Polymerisation (DP)

200+

1990 1995 2000 2005 2010 2015 2020

Time (Years) After Nameplate Date

DP History Tolerance —— Aging DP B DP User Estimate —— DP Best Fit based on Oil Test =  Oil Test DP with Tolerance
B DP Best Estimate DP Post Install -===- Sensor Installation
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DP History

The error bars shows on the chart shows DP from furan using Chendong equation. The red square shows DP
best estimate. It is derived from weighted average of historical aging DP with Oil Test DP with tolerance,
representing the best estimate DP at the time of ETE installation.

1000

Degree of Palymerlsation (DP)

1970 1980 1990 2000 2010 2020

Time (Years) After Nameplate Date

DP History Tolerance —— Aging DP — DP Best Fit based on Oil Test *  Oil Test DP with Tolerance
= Adjusted Oil Test DP with Tolerance [l DP Best Estimate DP Post Install ---- Sensor Installation
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Moisture in Ol

This graph plots the amount of water detected in each oil test conducted by the customer. Moisture moves
between the oil and paper insulation as the temperature fluctuates in the transformer. Therefore, this result is
very sensitive to the temperature of the oil when it was sampled.

7 Moisture in Oil “2 Moisture in Oil
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Water Content of Qil

This graph shows WCO measured by the ETE sensor. Red points indicate the moisture measured during oil
testing. The ETE sensor records moisture data every hour. It can be clearly seen how much additional data
the ETE sensor can provide.
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Water Content of Qil

Here is another example from a different transformer. Two red points demonstrate that the moisture measured
during oil testing in 2019 & 2020 align with the ETE sensor.
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References

To learn more about these graphs, visit the below links using your demo login:

Roger Gas Limit & Ratio Analysis
https://learn.aurtra.net/hc/en-us/articles/360039716331-Rogers-Gas-Limit-Analysis

https://learn.aurtra.net/hc/en-us/articles/360039311152-IEEE-Rogers-Ratio-Analysis

Doernenburg Gas Limit & Ratio Analysis
https://learn.aurtra.net/hc/en-us/articles/36003971467 1-IEEE-Doernenburg-Gas-Limit-Analysis
https://learn.aurtra.net/hc/en-us/articles/360039714631-IEEE-Doernenburg-Ratio-Analysis

Duval Triangles & Pentagons
https://learn.aurtra.net/hc/en-us/articles/360039311312-Duval-Triangle

Oil Quality
https://learn.aurtra.net/hc/en-us/articles/4403551179289

DP History
https://learn.aurtra.net/hc/en-us/articles/360038865592-Top-Paper-DP-History
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