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Acronyms
ABN Abnormal Gas Rate, an index of the extent of (abnormal) deviation of the tcaeatn
rate from normal rate (as determined by CIGRE).
Cl Critical Infrastructure
CT Calculated Temperature

Csv Comma Separated Values file type

CVS Corporate View Screen

DB Data Base

DGA Dissolved Gas Analysis

DOT Direct Oil Temperature

EPRI Electric Power Research Institute
FA Incooling systems, Force Air, Oil Natural
GIC Geomagnetically Induced Current

GSU Generator Step tdgnsformer

IEC International Eleeeohnical Commission
IEEE Institute of Electrical and Electronics Engineers
IR InfraRed

KVA KileVolt Ampere

NLTC |No Load Tap Changer

mHLS | mPresHomelan8ecurity

MW MegaWatt

NEI Normalized Enelgtensity, a new analysis method for transformers

OA In cooling systems, Oil Natural, Air Natural
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OLTC | On Load Tap Changer

OPS Opening Screen

PD Partial Discharge

ppm Parts per million

PTX Power Transformer Expert, analysis system devEBR¢d by

PVS Plant View Screen

RFI Radio Frequency Interfereklsethe name of the sensor that measures RFI.
Supervisory Control and Data Acquésitiontrol system architecture that uses cof

SCADA | networked data communicationgraptical user interfaces forldwgh process supervis
management

SQL Structured Query Language

SOP Standard Operation Procedure

Tank Main oil tank of the transformer

TDCG | Total Dissolved Combustible Gasesem of H2, CO, CH4, Q2Ri84, C2H2

TDHG | Total Dissolved Heating e sum of CH4, C2H6 and C2H4

Transfix | Online DGA system manufactured by GE

TVS Transformer View Screen
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1 Introduction

Power transformers (GSU, ATO) are mission critical sontipeogetation of energy utilities. Transformer failure

can have a severe adverse effect on generation, transmission andpdisttibnspmesulting in negative
customer experience. This couldforarsgal, operatiommdrceptionahd enviromental damage. Energy utilities

use a variety of different methodologies to monitor the status and health of their transformers, based on industr
practices and research. These methodologiesateation wérious measurements aggregateSGADA

systemss well a®ad and temperature measure@edthie most common practiizssolve@Gassednalysis

(DGA).

With no methodology being definitive, different utilities not only need to choose which one to use, but also how tc
them For examplehow often to sample the vaiimdisatorsand how to interpret tlesults Incorrect
interpretationsesulting fialsepositives or falsegatives have a significant financial impact on operations, should

a fAheal thyo twnamaddlingomdaftkingneisdanmgetDuedt@the significant impact of a

power transformer failure, they warrameeadonitoring of various parameters including load, oil temperature,

temperature rise, vibration, dissolved gases, and more.

mPrestdés Transformer Health Management (THM) syst
determining and managing the health of power transformers, detecting abnormalities and providing alerts
adverse events are predicted. TRHM pr oduct bel ongs to mPrestods Ass
mPresi $HM introduces afifitsk i nd s ol ut i o norcheBrat®reanhd optimizadyPgra-s t 6 s
systems infrastructure, the syatgmegatemformation from rpldtisensorsand uses advanced analytical
algorithms to give operators a hetimeiadiicatioaf their transformbezalthas well gsredictinfpilure. T H M6 s
predictive capabilities allow utilities to avoid transformer malfunctidolpfadutghanchay have detrimental
effect on utilityds standing.

mPrestdéds THM system coll ects various rtier dissovadt par
gases, and more) and analyzes the data in-tigar teaetect anomalies and conditions that could lead to failure
or impairment of the transformerés ability to rem
cear, easy to understand visualization of chosen matrix of standards, validates the data and produces aler
anomalies or thresholds. The system also follows up on maintenance actions performed and can evaluate \

actions should be taken baseduel agstem status.
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CRITICALITY — VARIES BY ASSET LOCATION & FAILURE MODE

Critical Impact Low/No Impact on Operations
* Lack of Redundancy * Spares Available
« Difficulty to Replace ‘ * Inexpensive to Replace
* Impact of Failure | * Low Impact of Failure
- Large # Customers Served - Few Customers Served
- High Cost of Asset - Low Cost, Easy Replacement
- Safety risk 1
- PRRisk

Low Criticality

Seconds, Minutes Months, Years

Typical Responsé Requirements

Criticality
* Topology dependent
* Contingency Dependent
* Can be highly dynamic

Figurel: Asset Criticality

|l mpl ementi ng mPr est 06 of malidrdtiors or failuee raf amw eskehtial partdolitoeeutility i s

infrastructure and would help optimizing operations, finatiros areshh footprint.

2 Functionality

2.1 Application Views

In order to monitor easily the current situation of the grid and infrastructure, mPrest built an intuitive dashb
presenting all relevant metrics across the grid. Different dashboards basdstoniguabefined permissions.
The application is accessiblepmvedsers from a standard Web browser ink@vagation is performed using

general views and drill downs.
2.1.1 Corporate View

The home screen of the @piMicatiois a corporate maipw, indicating the overall netwodendtal status

indicators and elements. An example of the Corporatdivadadidhigure2.
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Expand vertical ~ Currentview View of
tool bar transformer fleet

Power Plant

icon © ——
S & o wos 01

Power Plant
icon

Legend Power Plant
icon

Figure2: Corporate View

Thecorporatgiew shows the location of power generating sites, indicated by clickablgifaptise state of

the least stable transformer at each plant site

Icort Color Significance
B0 Green All transformers at the site are in o@enatfionabndition.

, Orange There is a warning ofseigerity for one or more transformers at the site.
B, Red There is a high severity alert for one or more transformers at the site
B, Gray The site is not operational.

Thesd@conssummarize the status of all transformers in the grid:

Symbol Color Significance
2 Green Count dfansformers in nororationabndition
: Orange Count afansformexgith anidseveritgondition.
Q Red Count dfansformetsith a higiseveritgondition.
Q Gray Count dfansformetbat ar@ot operationad not connected to the THM syste

1Eis the icon shape for transformers aelegdiic plant!is the icon shape for transformersfaedgdants.
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2.1.2 Fleet and Fleet Rank Views

From within the Corporate view, the user can navigate to a Fleet View of all transformers monitored by the syste

illustrated igure3 below.

@
Fleet View
Parameters: Load, Temperature, Custorm Fleld (2 ‘- ‘ All
G‘J |
{G}
) i Power Plant A = Power Plant B @500MW =STL ECEC EPower Plant C = Power Plant D = Power Plant E = Power Plant F
& —
o e e e
—
AUTO-2 PHASEA AUTO-1_Pi
7S AUTOZ PHASES AUTO-1_PHASES Z=Power Plant | = Power Plant J
: - —
—
= =
@ T — | —
® _ _ ZPowerPlantM = Power PlantN ZPowerPlant0 = PowerPlantP
e
o out m m m
— =PowerPlantQ

EPower Plant K ZPower Plant L

[E—

Figure3: Fleet View

This view summarizes:

I The state of all transformers in the fleet.
T Every transformerds |l oad
T Each transformerds top oil temperature.

It also allows the display of customized fields that include adtt®ofrahstabnitored points, such as:

mA: Detects transformer vibrations
IR: Infrared camera, source of temperature readings
RFI: Detects radio frequency interference

1
1
1
1 GIC: Detects geomagnetically induced current, necessary to isolate generated RFI

From the Fleet View, the user can navigate to the Fleet Rank to see all transformers sorted by their health stat
shown ifrigure4. This view shewhe Long and Short Term Severity Index, the Long and Short Term Attention

Index, and the Criticality Index for each transformer.

9 CONNECTING THE DOTS Proprietary to mPrest Systems



Short-term Severity Index T T ey ———
[7) o007 ASIGSUTA Power Plant C 042 025 007 035 030 =
[ 01008 As1GS0 70_Out Power Plant €. 000 0.00 0.00 0.00 0.00 |
01009 ASIGSU T Powor Plant C 042 000 013 030 031
01072 UATIA Power Plant C 030 014 002 023 02
01073 uAT7R. Power Plant C 030 013 002 023 021
10140274291 ABIAI3 Power Plant A 000 0t0 000 000 0.00
[ 10140274292 ABSATS Powsr Plant A 050 006 009 035 036
@ 1216301 5001 Transformer. Power Plant € 044 0.08 018 0.3 034
1233201 ApaATA Power Plant A 000 0.00 0.00 0.00 0.00 v
|

Generate File

Long Term Short Term

Xopu| (83IID
Xapu| [BANLO

01 02 03 04 05 5 06 07 08 09 1

Figured: Fleet Rank View

2.1.2.1 Long and Short Term Severity Index

The Severity Index tsalsformer attribute computed by an algorithm in thigheystare long and short term

versions of this attribute. The index changes with the measured states oftadnaossirtado. detesholds

for the two indexnsaccordance with ¢beporate standard.

2.1.2.2 Long and Short Term Attention Index

The Attention Index is a transformer attribute computed by an algorithm in the system. There are long and shol
versions of this attribute. The index changes with the measured statenafThdérAtwntion Index indicates

if atransformer indicatioast be considered for treatment in the short term or the treatment can beapostponed for
latertime

2.1.2.3 Criticality Index

This index is computed by the engineers to rank the importatical dfainsfiormers to the electrical grid. A
transformer of high criticality would likely be relatively large. An outage of that transformer would have a major

on the grid. An outage of a transformer of low criticality would, by itseifmfitdraveffect on the grid.
2.1.3 Individual Power Plant View

Any individual power plant can be navigated to from the Corporate viekigagaehoWmsrview provides a
picture of the power plant and displays the status icons for all of its transformers together with a load indicatc
availability indicators for SCADA and the database.
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Type:

Location:

Power Plant
B

Hydro

Power Plant B

Figure5: Power Plant View

Thetransformer icon color represents the state of each transformer as described below.

Icon

RMO1
&
176 MW
6377 C°

Color

Green

Orange

Red

Gray

Significance
Thetransformésin normalperationabndition.

There is a warning ofseierity fahetransformer.

There is a high severity alehtddransformer.

Thetransformés not operatiomanot connected to the THM system

Each transformer icon presents thet¢éoppeifature of the unit.
transfod meymhaelosist deiamdiicate the state

The

MA

Vibration detector
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RFI RFI Radio Frequency Interference sensor

Git GIC Geomagnetically Induced Current sensor

eushing | Bushing | Sensor on the HV Bushing

DGA Sensor that detects gases dissolved in the transformer oil
(for exampieTransfix)

Transfix

The list of operational and not operational sensors can also be displayed:
+Icon Color Sensor State
+ Red At least one connectedsor not operational

Green All connected sensors are operational

The sensors have the same color schemesigrilmus graygray is for unconnected.
The status indicators for the centralized interfaces are green when they are connbetediscohgiegted:
Icon Color Sensor State

Green Database is connected and operational.
0 Red Database is connected and failed.
O Gray Database is off or not connected.
Green SCADA is connected and operational.
@ Red SCADA is connected failed.

&‘g Gray SCADA is off or not connected.

2.1.4 Transformer View

TheTransformer Vignesents the operational status of a selected transformer and its malfunctions, if any. Resul
of theDissolved Gas Analysis (B&#ples and the standards calcstatias are reported in the DGA section of
the window, showfrigureb.
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Switch to Switch to Switch to fleet view
analytics view  corporateview and fleet rank

Expand vertical
tool bar

Power Plant
icon BG2 - 2013-2958 T1E007-002

B General Transformer DGA
e ©scaoa | O indication Tree | B oa )
£ 8G2-2013-2958T1£007-002 O e

Health Index - Online

e o0 o !a =
€C Cop  NEI
14560 49390 790 212 1820
- . N L
2 Health Index - Lab
e - ®© o0 ©
PX EEE EC Cop  NEI
/f\\ 72 192 % 7% 340 200 7180 29
/ ‘
| o
[
|
\
\ /

Figure6: Transformer View

The different sections of the Transformer View are described below.

2.1.4.1 General Section

This section provides the following generaldnfatroatithe selected transformer:

= =4 =4 -8 -4 4 -9 -9

=

2.1.4.

Type

Rated Voltagéax (KV)
Rated Powdtax (MVA)
Cooling System
Preservation System
Location

Vendor

Last maintenandate
Next Maintenandate

2 DGA View

In theTransformer Viewhe user can displayHkalth IndeandOverall Health Index

Health Indeé

Component

- Description

| Transformémalysis methbdsed o&lectric Power Research Institute §6RREre.

PTX
IEEE IEEE 57.104 standard
IEC IEC 60599 standard
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Corp | Coporate standabdsed on IEEE.ORides an option to edit its threshaldsordance w
corporate best practices.

NEI Normalized Energy Intensity, a new analysis method

ABN Abnormal gas raRrovidethetoet i p A Gas Rate Abnor mal

OverallHealth

Index

Reflects the warning with the worst severity of all above standards dantersethext
can be based on one standé&ellist of the included methods can be edited manually

a single gas or a group of gasea franticulamethod or evanwhole method.

For altomponents:

1 If transformeerviceability normatheDGAiconcolor is green
91 If the warning of reilerity is reported,itomcolor is orange
1 Ifthe warning with the highest severity is repacieotdfwe is red.

Last DGA Resultis a table presenting the last Transfix and Doble laboratory reports of the measured ga

concentrations

2.1.4.3 IR View

with the report dates.

The IR View button carrsstas indicator:

Significance

Green

All IR sensors are operational.

Red

At least one IR sensor is disconnected.

DetailedR VievandIR Tablean be displayed for each transformer.
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IR View

Thermometer

IR Table
Fields
PhaseATop
PhaseASticker
PhaseABody
PhaseBTop
PhaseBBody
PhaseCTop
PhaseCBody
LeftRadiator
MainTank
RightRadiator
RightTank
LeftTank

Rise
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The source of thiR Viewthe IR camera, providesvideo and measures temperatures in 12 locations on the
transformer. The color violet indicates low temperature while yellow indicates higietpiopeeatdithe unit

is in the same colors as the thermometer to indicate temperature gradients.

Thetable displays the temperatures of the transformer compoment®lunin sneicatihe difference between

the ambient temperature and the transformer tenfzetataw.ihe table of IR temperaturdser lepresents

the last measuremenhatspecific hot spot.

You can view information on the temperature trend of selected compoaeats in the

2.1.4.4 SCADA TAGS
The SCADA butiodicatea status indicator:

Significance
Green All SCADA sensors are operational.
Red At least on8CADA sensor is disconnected.
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SCAl

DA TAGS

TACT

00N

2 -
B

TOL1

=
B

TLONS

The 24 tags are presented in two colors:

1 Normal statiiggreen color
1 Abnormal statused color

In the above illustration, MTADC is the MainTransfAnnunciatorDC, which is the DC source of the Main Transf

Annunciatorh@& red color indicates that there is an alert, reported by SCADA, regarding the specific SCADA elem

2.1.4.5 High Voltage (HV) Bushings
HV Bushingsepreserihehigh voltage bushings of the unit
HV Bushings

HW Bushings R

Bushings monitor

Fields H1 H2 H3
Capscitanca (pf) 204.300 280.300 204.300
DF-Capacitance (%) 0.300 0.410 o110
Powar Factor 0.287 0.370 0.287
PD Monitor

Fields 1 2 3
Charge [nC) 0.000 0,000 0.000
Woltage (riv) 0,000 0,000 0,000
Irtensity () 0.000 0.000 0.000
Count 0.000 0.000 0.000

2.1.4.6 Tank Readings

The mA, GIC and RFI sensors installed on the main tank provide readings.
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Tank

ank ¥

mA monitor

Fields

Fi Frequency Strongest (hz) 1]

F1 Displacement (mm)

F2 Frequency 2nd Strongest (hz) ]

FZ Displacement (mm)

F3 Frequency 2nd Strongest (hz) 1]

F3 Displacement (mm)

RFI

Fields
Min Level
Max Level
Lwg Level
95% Level

Partial
Dizcharge
Confidence
Metric

538
1534
77E
Sdg

&3
16
1&g
s

GIC
Fields
DC
Current
AC
Current
Current
F1
Frequency
Current
F2
Amplitude
Current
F5
Amplitude
Current
F7
Amplitude

[=]
(=T == == [ e T e e R W)

(=]

%]
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2.1.4.7 Load Section

The load gauge displays the transformer load in MW units and indicates

normal in accordance with predefined Transformer rating thresholds.ig e

the green region for normal operation, in the yellow region if a warnin /
expected, and in the red region if the transformer is malfunctioning. T ’
The load trend line can be viewed from gaulpad

2.1.4.8 Temperature Section

This section diaps$ the following temperatures: Temperature

1 TOi on top of the oil tank
1 A B, Q near thavindings for ttieree phases of the transforr

Blue means normal temperaitairge means warnergd red mean:

faultyin accordance wittedefinethresholds.

A B c 10
The trend line of the temperature can be displayed ﬂ ﬁ ﬁ ﬁ
0 0 0 0

2.2 Analyzing Transformers Performance

From the Transformer View, transformer performance can be analyzed by the user for a selected date range ©

using the Analytics Menu Ribbon, sheiguréi.

Figure7: Analytics Menu Ribbon

The data in the reports depend on the selaitm tnsfix valuesnfor laboratory gas values, except for
theKey Gawiew, which depicts only a currently selected single DGA sample. Each of these values can be selet

for display, or any other analytic view can be selected. These views are described below.

The data in the reports depend on the selaitm tsfix values, & for laboratory gas values, except for

theKey Gawiew, which depicts only a currently selected single DGA sample.
2.2.1 DGA Summary View

Based on various standards, this view summari zes
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Analytic Menu
-~ Ribbon

Corporate ®rsua  |EEE C57.104 QAssistant  Gases
©

2 R 7 0 0 i 2 B M 7 0 o oo
3 0 1064 0" 2 3 36 7 0 0 1064 No Data

IEC 60599
CO2/CO Ratio

CIGRE 443 Rati
NoData

Duval Methods

NEI st ABN

Figure8: DGA Summary View
The above statistics are from a Transfix sample.

Note that a number of sections corresponding to different standards display circled @onuigrs Eireled

numbers are computed according to the staihdacdkrs are assigned by the system:

Significance
Green Thetransformésin normaiperatingondition.
Orange There is a warning ofseicerity fahe transformer
Red There is a high severity alehtddransformer.

For morenformation, s#eEE Guide for the Interpretation of Gases Generatadéns@il TransforméEgEE

Std. C57.1€2008

There are additional colored circles for TDCG anB&#&GiREe]. The colors are also assigned by the system
and have the same significance.

2.2.1.1 Overall Health Index

The Overall Health Index is a healttcetatusted froaii sensors and methods available to the lsgstairon

DGA only. This index can be dastbby the user.

2.2.1.2 EmaiAlerts

The form shown below lets the user create a list of recipients for emailed alerts.

19 CONNECTING THE DOTS Proprietary to mPrest Systems



m,ﬁ'est

Firstname Lastname Email

first name *

last name *

email

Figure9: Email Alerts Form

The following is an example of an email alert:

FigurelQ Email Alert Example

2.2.1.3 Editing the Overall Health Index Configuration
This feature lets you modiftlezall Health Ind®x blocking or allowing particular standards or gases in the
calculation.

Note You must be an expeltténstandards to edit this configuration.

2.2.1.4 Corporate Section

The index, rate, and sampling period can be displayed. The sampling period is evaluated from the Total Diss
Combustible Gas (TDCG) concentration and rate of acdtimuiatitonf accuation is not available, the
concentration index is usée. concentration index is evaluated from the concentrations of the individual gases
presented in this sectionds tabl e.

The table lists gas concentration in parts per million (ppm).
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