Monitoring Software

MONGEMO

MONGEMO oncron 22
OnbIT 1 0COBEHHOCTN NPUMEHEHNSA CUCTEMBI MOHUTOPUHra YP B
cTaTope reHeparopa

Conference A1, Maksim Kravchenko, OMICRON 21 November 2019



l CopepxaHue

> Cucrtema MoHuTopuHra YP

> [1pumep: TypboreHepartop 180 MBA, 16.6 kB
> [1pnmep: TypboreHepartop 100 MBA, 13.2 kB
> [1pumep: 'mgporeHepatop 126 MBA, 16.5 kB
> [1pumep: TypboreHepaTop 236 MBA, 24 kB

> 3aknyeHune
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l Cucrtema MmoHuTopuHra 4P

KpUTU4YHbIe XapaKTepUCTUKN ANSi KOPPEKTHOWN OLIEHKN COCTOSIHUSI U3ONSLUMN:

CI/IHXpOHHbIe MHOIokaHalibHbi€e U3MEepPEeHUA.

« obecneumBaloT BbICOKYHO rMOKoCTb ANs MOHUTOPWUHIa,

* rogaepKmBatoT OOMNOSNTHUTESbHbLIE MHCTPYMEHTbI A1
rmyboKoro aHanmaa.

CepBepHoe nporpammHoe obecrevyeHue:

* TPEeHObl U XpaHeHe AaHHbIX AN aHann3a 1 cpaBHEHUS
MaLLUWH B NPOLIECCE BCEro LMKNa XMU3HN 000pydoBaHUS;

* MPOCTON yaaneHHbIN AOCTYN A9 OLEHKU pe3ynbTaToB U
HaCTPOUKMN.

<L

Page 3 OMICRON



MONGEMO: KoMNnoOHeHTbl cUcTeMbl

KoHaeHcaTopbl npucoeaMHeHus OnNTUYECKNIN KaHan CBA3U

YCI1[4 s wkady IP65 LleHTpanbHbin komnbtoTep n MO

OMICRON OMICRON
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[MporpammMHoe obecneyeHne

ﬂ‘ Monitoring Software ﬂﬂ
OMICRON oy OMICRON

Welcome, Admin! Help | Settings | Logout

4 Monitoring Overview ~ Berlin ~ Real RotM OMS Monitoring System Status [

OToOpaxeHne AaHHbIX B peXUMme pearibHOro
BpeMeHu

> To4KkM U3MEPEHUS Ha MOSTHON MOAENN
CUCTEMbI MOHUTOPUHra oTobpa)kartoTcs B
pexnmMme pearibHOro BpeMeHMU

Event Log - Rotating Machine OMS

> LlBeTHasa koanpoBKa BEMMYMH aBapUNHOW K
npeaynpeauTenibHoM cUrHanusauum B
peXxume pearnbHOro BpeMeHU

> XKypHan cobbiTun oTobpaxkaeT cobbITUS
aBapuMHOWN 1 npeaynpeanTensHOn
curHanmsauum

Partial Discharge S S
®

> [1poKpyTKa AaHHbIX C MPOCMOTPOM AaThl,
BpemMeHu 1 ypoBHsa YP no kaxooun gase
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NMporpammMHoe obecne4vyeHune

UcTtopuuecknmn cpes AaHHbIX YP —
Npachmkn [onrocpoyHbIX TPEeHAOoB ANiA
Kaxxgou casbl

> XXypHan cobbITuin NokasbiBaeT CODbITUS
aBapumMHON 1 npenynpeanTensHoOn
CUrHanmaaummn ans Kaxgowm gassol

> [1poKpyTKa AaHHbIX C NPOCMOTPOM AaThl,
BpeMeHU 1 BenmnynHol HP

> MacwTtabupoBaHune B nobomn 4acTtm
rpadpuka c TpeHgom HP ansa nydwen
aetanusauum

> [laHHble TpeHaa MoryT ObITb NEerko
9KCMOPTUPOBaHbI C NOMOLLLIO dbanna B
doopmare .csv

© OMICRON

EE Moenitoring Software

OMICRON MONGEMO

Welcome, Admin!

OMICRON

%%

Help | Settings | Logout

. 4 Monitoring Overview Berlin

Event Log - Rotating Machine OMS

Real RotM OMS

Monitoring System Status [J
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NMporpammMHoe obecrne4vyeHune

Uctopusa gaHHbIX YP

> Knunk no metke BpeMEHUN OTKPbIBAET BCIJ1blBalOLlee
OKHO C pasiitvyHbiMn TUNamMmnm anarpamm rno Bbl60pyZ

3PARD n PRPD
ABTOMaTU4eckoe pasaeneHue KnactepoB
Habopbl gaHHbIX YP

vV V V V

PacnpeneneHne nmnynbca

> Bce rpaukmn moryT ObITb pacnedartaHbl Unu
COXPaHEeHbI B pasfnyHbix doopmaTax

> Bce Habopbl gaHHbIX YP mMoryT 6bITb Jf1Ierko
3arpyxeHbl gna bonee rnybokoro aHanusa c
npumeHeHnem cuctemHoro NO OMS

© OMICRON Page 7

PRPDs v Tuesday August 18,2018 ppeps
3:00:01 PM

ABTOMaTMYECKOE BblAeneHmne
KrnactepoB

OMICRON
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MONGEMO: MeTtoab!

BoigeneHve nomMexu n cenapuposaHue curHanon ¢ nomouwbio 3PARD

> 3PARD Bu3yanuanpyeTt COOTHOLLUEHNE MeXay
amnnutygamun nmnynscos YP 1 nomexamu B
dasax.

> B 3PARD, otaenbHble nctodHmkm YP
oTOBpaXkatoTCs Kak OTAeNbHblIe KnacTepbl.

> O6paTHbIN NPOCMOTP BbIOpaHHOIO Knacrepa
B PRPD gnarpamme nossongaeT pacCMOTPETb
ero nHanBuayansHo

© OMICRON

Phase C

Phase C

Phase B

Phase Al

o A e

Hwvarpammbl no N3mepeHus, npeacraBneHHble B
drazam go suge 3PARD guarpammbl
pasgeneHus

MCTOYHNKOB

Page 8

Phase B

Phase A

|

BbloeneHHbin
WCTOYHUK Ha
dasze C
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MONGEMO: MeTtoab!

ABTOMaTU4yeckoe pa3gerieHne KnacteposB

> [1nsa aBTOMaTU4YeCKOM Knactepusaunm gaHHbIX

3PARD npumeHseTca BbICOKO3((EKTUBHbLIN
anropuTM nepapxmuyeckon Krnacrtepusaumm Ha
OCHOBE [MJOTHOCTM.

ABTOMaTM4yeckas oLleHKa AaHHbIX U
pasfeneHne KnactepoB BbIMOHATCSH
nepuoauyeckun, perynsipHo Unu no Tpesore.

Onsa kaxxgoro knactepa N0 cuctemsl
mMoHuTopnHra MONGEMO onpegensiet gasy.

© OMICRON

Partial Discharge Diagram ¥
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MONGEMO: MeTtoab!

ABTOMaTM4yecKoe pasaerieHue KnactepoB

> BblOpaHHbIN Nosfib30BaTENEM KracTep
TpaHchopmumpyetca obpaTtHo B PRPD.

> Kak pesynbsraT cenapauun, Ha PRPD

anarpaMmme otobpaxkaetcs oguH UCTOYHUK.

> [laHHble cenapaLmm COXpaHsaTCs ANs
BO3MOXXHOCTW JanbHENLLEro aHanmaa.

© OMICRON

Partial Discharge Diagrams
RotM OMS/Winding

v Tuesday, September 01, 2015 Clustering
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l Typ6oreHepatop: 180 MVA, 16.5 kV

Mynet Mynet
ynpasneHus 1 yrnpasneHuns 2

%%
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l Typ6oreHepatop: 180 MVA, 16.5 kV

N
N
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Typ6oreHepatop: 180 MVA, 16.5 kV

O6cnyxuBaHue Ha ocHoBe MOHUTOopuHra YP
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l Typ6oreHepaTtop: 100 MVA, 13.2 kV — ¢ BO34YLWHbLIM OXNaXaeHnem

TpeHabl YP 3a oauH roa TpeHabl YP 3a CeHTabpb-OKTA0OpbL

KombuHupoBaHHble TpeHabl T 1 n T 2 3a roa;:

> 00e mMaluHbl Hanaueanu B 1981

el
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Typ6oreHepaTtop: 100 MVA, 13.2 kV — ¢ BO34YLWHbLIM OXNaXaeHnem

Original settings
2 MHz central freq.

Resetting to
7 MHz central freq.
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PRPD gnarpammbl Ang AByXx LeHTparnbHbIX 4acToT: | FFT of PD input
2 MHz and 7 MHz | |
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'mpgporeHepaTtop: 126 MVA, 16.5 kV

MawwuHa Ne 7
> ycTaHoBreHa B 1997

> opfHa n3 cambix MoLHbIX 'QC B KOro-BoctoyHon Asmmn (1008 MBT)
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'mpporeHepaTop: 126 MVA, 16.5 kV

C nepBbIx MecsaUeB, MalLuMHa Ne7 nokasana poCT TPeHOOB aKTUBHOCTU

UP n daze S

12/1/2012 12:00 AM - 11/1/2013 12:00 AM

| ® FasaRUnit7 - FasaSUnit7 - FasaTUnit7 - FasaR Unit8 FasaSUnit8 -® FasaT Unit8 1

May '13 Jul 13 Sep'13

3PARD cenapauuns n
I E kR0 Ll © OOHApPYXUTb U OLEHUTb NPUYMHY poCTa
TpebyeTca BbIBECTH ypoBHs YP;

VETMYEVYAZER ISR « oLIeHUTb 00LLee cocTosiHNMEe 0BMOTKM cTaTopa
NPOBECTN UHCMEKLMIO:

L]
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'mpporeHepaTop: 126 MVA, 16.5 kV

AHanus
01/03 12/04 28/05

nocreAywoLwWwmn roq

3PARD

14 14

7.624nC

43.38nC 8.142nC 2.763nC 5.335nC 9.501 nC 11.53nC

7298 nC
¥

i

PRPD

aHOMarbHasi akTUBHOCTb Oblna BblerneHa B pase S U ee CTOMKOCTb
noaTBepXaaeTcsa NUCTOPUYECKMMU JaHHbIMUA
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'mpporeHepaTop: 126 MVA, 16.5 kV

© OMICRON

OTKNOHAA TONLKO nccnegyemMyro aktTuBHocTb YP, MOXXHO oueHnTb obLiee COCTOAHME
oBbMOTKK cTaTopa.

01/03 12104 28/05
nocrneayloLwWwmin roa

8.011 nC 5.280 nC 5.798 nC 2623 nC 1.513 nC 1448nc " a7100c " 2806nC " 3.160 nC

L]
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'mpporeHepaTop: 126 MVA, 16.5 kV

OwnarHos

B OOLllee coCTOAAHUE n3onsauuun

* BHYTpEHHME NCTOYHUKM
paBHOMEpPHO pacnpeaeneHsbi
cpean n3onsauum

md McTOUYHUMK YP

* [ToBepXHOCTHbLIW pa3psa

BusyanbHbIN OCMOTP TaHreHc genbra o6MOTOK

2,00E-02
1,80E-02

1,60E-02

1,40E-02

Dissipation Factor

1,20E-02

1,00E-02

Year

——Phase R —+—Phase S Phase T

L]
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ABTOMaTuyeckana knaccudpukauma natrepHoB no NOCT

Kak aTo paboTtaeTt?

LLlar 1: ABTOMaTn4yeckoe
pasgeneHne NctodHmkos YP

Lar 2: Pacno3sHaBaHue YP u
Lyma

Lar 3: Pe3ynbTtaTt aHanmsa
6asbl 3HaHUN

LLlar 4: MNMaTTepH pacnos3HaH ¢
NPUONN3NUTENBHBLIM Pe3ynbTaTtoM

© OMICRON

He onpenenéH Her a

O6HapyxeH
O6HapyxeH Luym
LLym (@ oy . UaeHTudukauus HP
wyma

[eTtepMunHmMpoBaHHoe

MonyyeHo geTepMUHUPOBAHHOE pELLEHME HE NOSy4YEHO
peLleHne
AHanu3 Ha OCHOBE
ypP -
6a3bl 3HaHUN
MatTrepH
onpenenéH

ﬂ,OCTMFHyTO BEPOATHOCTHOE peLleHne

NcTouHuk YP O
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KpaTtkoe nanoxeHue tunos YP

ebIcoKuli S1

PaccrnoeHue — OCI&BH VI3OJ'I$IL;VIF|

eucoxgﬁ\

S2

Paccnoexune nsonsaum

abicoKuli

S3

8bICOKULi S3

~ /

Paspsg B nasy, nonynpoBOASALLWA CrON

OT NpoBOAHMKa — ‘\ Za CUMMETPUYHbIE BHYTPEHKNE MUKPO Pa3psag B nasy, nonynpoBoOAsLUMA CON
it nycToThl abpasvBHbIX YacTuL, - Nyc I Mexay abpasmBHbIX YacTuL - NyCTOTbl MeXAy

cTaTtopoM/ cTarnbio nasa u nsonsaumemn cTaTtopom/ cTanbio nasa u usonsiuuen
Huskuli S4 | Huzkui sS4 Huskuii S4 E1l

Mwkpo nycToTbl

MuKpO NycTOThbl — pasnnyHLIA MacllTab

Z

AN /2

MUKpO NycTOTbl — pa3nuyHbIi MaclwTad

BHyTpeHHu YP + nw

paspsa Ha koHue 06M. - 3arpsisHeHne

El

0

BHyTpeHHun YP + noBepXHOCTHbIN
pa3psg Ha KoHLe 0bM.«

El

BHyTpeHHun YP + noBepxHOCTH

E2

o E2

HeadpdekTnBHbIN pasgenuTens,
TpekuHr, NckpeHnne, KopoHa,
CBob6oaHbI noTeHuman

HeadeKkTuBHbIN paszgenutens,
TpekuHr, NckpeHne, KopoHa,
CBobofHbI noTeHumnan

3arpsasHeHue

MoBEPXHOCTb MeXA;
3aLLMTON OT KOPOHbI U
KOPOHbI Ha KOHLIe O6MOTKM,
NOBEPXHOCTHLIV pa3psig

lMoBepxHOCTb Me)K,qy\naaoBoﬂ
3aLUMTOM OT KOPOHbI W\3aLluThl OT /
KOPOHbI Ha KOHLIE OBMOTKM, ’
MOBEPXHOCTHBIN paspsg ™.

Momexu Momexu
SN
-
LLym n nomexwu TupuctopHoe BO3byxae <
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KpaTtkoe nsnoxeHue tunos 4P

© OMICRON
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10 e

| OT NpoBOAHMKE — nomnocTu MeXQymn CYMMETPUYHbIE BHYTPEHHWE MUKP® MeXzy CTatopoM/ CTarbio nasa, .. mexay cTaTopom/ cTans 33 Wy
MPOBOAHMKOM U M3onaLmen RYCTOTHI nsonALumnen usonauuen
. - - . . . & sa EI
Huskuii 54 e il
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BHyTpeHHuit YP + nosep
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Tane

4000 ms rT 1200 m; 1B00ms 7000 ms

Bo3byxaeHue / koHBEpPTOP fiowexy

100c
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ABTOMaTU4ecKas reHepauunsd cucremMmatTnanpoBaHHoOro

oTyeTa

11/21/2019

REPORT - PRPD Pattern Classification (Rotating Machines)

OMICRON

Asset Mame: Block QGOMEA10Gen-0-1/L2 QOMEA1TD

Measurement Procadure: On-line

Time stamgp: TH2017 3:02 AM

PRFD: = — = APARD: o

State: PD source is defined {probabilistic decision)
PD Source: | (Defect 52) Delamination of msulation tape

layers

Intemnal delamination PDis are generated in an air- or gas-
filled longitudinally elongated pocket embedded in the main
insulation. The PRPD pattern will be symmetnic in amplitude
and PD count. Even if this type of defect is similar to intemal
wvoid discharges, the PD count will be much higher, mostly
because of larger PD sies. Also, the resulting PRPD pattem
will show a less rounded shape than intemal woid PRPD
pattem, some times almest triangular or sickle shape.

Knowledge-based Analysis

The following PRPD atributes contribute to the following decision:

Pulse-charge behaviour on positive half Sioping
Polarity ratio Equal polarity
Fulse-phase symmety on positive half Right-biased
Charge-phase symmeiry on positive haff Right-biased

Dreterministic decision is not achieved. A particular pattemn recognition is applied to complete the analisys.

Pattern Recognition (PatRecd)

Delamination of insulation tape layers Defect 52 100%
Micro woids [ cavities Defect 54 0%

24
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TypboreHepaTop: 236 MVA, 24 kV

D,I/IarpaMMbl YAaCTU4YHbLIX pa3pAaAaoB — aBTOMaTU4eCKoe onpeagerieHne tuna ,El,e(bEKTa

Knactepy Ne 6 - Lym

LOuarpaMmmel 4YaCcTHYHBIX Pa3pAL0B

KnacTep 6 sz 10 B
100,00nG 180,00 360.00 *
10,00 nC
100 nC
- . 100,00 pC
r i
-~ T TR
ﬂ// x\\""\-. y
~ i

A c
10,00 pC
500 pC

LLlym & lMpoTokon
A C

100,00 NG 180,00 * 36000° [ 10000nC 180,00 - 360,00 *

10,00 nC 10,00 nC

100 nC 100 nC

|
!
100,00 pC ; L 100,00 pC
o 6\';‘“'.';&_.:..-'-" il 1 4 ey -
10,00 pC 10.00 pC
500 pC 500 pC

KnaccudUMpoEaTe guarpammel

11/21/2019

KnaccugMUmMpoEaTE guarpammel

25

8 okTabpna 2019 r 8:06:06

o)

G1/Winding

4

-1 Oexs

Pacnpeaenexie UMNyNscos

Habop gaxHsix HP
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Mpumep aBTOMaTUUYECKOro onpeaeneHns Tuna gedekra

Ll,warpaM Mbl HaCTUYHbLIX pa3psaaoB

ABTOMaTU4YecKUM otyeT no knacrtepy Ne 6 (Lym unm nomexm)

REPORT - PRPD Pattern Classification (Rotating Machines)

G1/Winding/B
08.10.2019 8:06

Clustering:

Stale: Modse ks detected

PD Source: |Excitation nolse or disturbances

Excitation noise. Typically conalst of & pulses per voltage cycle caused
by the thiyristor switching of exciter’corverter of a synchronous
generator. They can be also 12 and 24 pulses. These Impulses are
not cawsed by stator winding insulation system.

11/21/2019 26
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[Mpumep aBTOMaTUYECKOro onpeaneneHnsa Tuna gedekra

OuarpamMmbl YacTUYHbIX pa3psaaoB
ABTOMaTmnyecknn otyet no kractepy Ne 5 (cpasa B, Tun gedekra E1, noBepxXHOCTHLIN pa3psa)

11/21/2019

REFPORT - PRPD Pattern Classification (Rotating Machines)

G1/Winding/B
08.10.2019 8:06

Clustering:

n T THO 00 V60

State: PD source |s defined (deterministic decision)

FPD Saurece: |iDefect E1) End-winding surface discharge ! tracking

Surtmce dischargeftracking along the winding overhang due to

contamination (carbon, odly dust, abrasion etc) at the alirfinsulaton

Interface. Since they only appear on the surface of the insulation they

do not lead to significant ageing. The main characteristic of swiace ||||I| ” ‘ I|||I|- |
tracking |s an almost vertical clowd of PDs in both polasities, combined

with & low PO count. In some cases, POs can occur only in posithe
polarities.

&l

27

Knowledge-based Analysis

The following PRPD atiributes contribute to the following decision:

Pulse-charge symmetry on positive half
Pulse-charge behavior on positive half
Polarity ratio

Pulse-phase symmetry on positive half
Charge-phase symmetry on positive half

Determindstic decision ks reached.

Top-hiased
Peaking
Equal pofanty
Left-binsad
Felgphi-blasad

OMICRON
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Mpumep aBTOMaTUUYECKOro onpepaeneHns Tuna gedekra

11/21/2019

AnarpamMmbl YacTUYHbIX pa3pAaoB
AsTomaTtundeckum otdet no krnactepy Ne 10 (dasa C, Tun gedpekra E2 (kopoHa) - BepoaTHocTb 100%)

REPORT - PRPD Pattern Classification (Rotating Machines)

G1/Winding/C
08.10.2019 8:06

Knowledge-based Analysis

The following PRPD attributes contribute to the following dectsion:

Pulse-charge variation on positive half
Pulze-charge symmetry on positive half
Pulze-charge behavior on positive half
Polarity ratio

Pulse-phase symmetry on positive half
Charge-phase regularity on positive half
Charge-phase symmetry on positive half

Narow
Bottom-biazed
Peaking
Equal polarity
Left-bigsed
Not flat
Right-biased

Determintstic decision is not achieved. A particular patiern recognition is applied to complete the analysis.
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State: PD sowrce is defined (probabilistic decsion)

PD Source: ((Defect E2) End-winding dischargeasparking

This type of activity will ocowr between two bars in the winding

, of between a bar and the press finger or sharp edges of the
stator core. The maln charactenstic of a gap-type discharge activity is
a horizontal doud of PD pulses of relatively constant amplitude,
present in both polariies of the voltage.
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Pattern Recognition (PatRec5)

End-winding surface dischange / tracking
End-winding discharges/sparking
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Probability, %

Distance

Dalact EZ 02
Defect E1
PD Sowces

Probabilistic decision is achieved.

Detect E1
Defect E2

Distances to the sample in the feature space

Refarence pattems

= Dafect E1
Defect E2



3aKknyeHue

» HenpepbiBHbIN MOHUTOPUHT UP 0OMOTOK cTaTtopa Ha 6onblInX reHepaTtopax okasasics BaXXHbIM

ANarHoOCTU4eCKNM MHCTPYMEHTOM AJ14A TEXHNYECKOIO O6CJ'Iy>Kl/IBaHl/IFI, OCHOBAHHOIO Ha COCTOAHUN, N
NnoBblILLEHNA UX HAOEXHOCTN.

Ha ocHoBaHUM pe3ynstatoB MOHUTOPUHra YP, nony4yeHHbIX 40 1 Nocne TeXHUYECKoro obcrnyxXmuBaHuga
MaLUWHbI, MOXXHO OLUEHUTL 3 PEKTUBHOCTb NPOrpamMmbl TEXHUYECKOrO 0BCNYXMBAHUSA N NMPaBUSTbHO
cnnaHmpoBaTb byayllee TeXHU4Yeckoe obenyXmBaHume.

YHuBepcarnbHbI 6ok pernctpaummn HYP MoxeT ncnonbsoBatbea ans namepeHmn HYP Ha pasnnyHbIx
TMNax BpaLlaroWwmMxcs MaLluH.

MopaynbHas pacrnpegernieHHas cuctema nporpaMmmMHoro obecrneyeHnsa ona MOHUTOpUHra obecnevnBaet
HageXHOoe OONroCPOYHOE XpaHEHNE OAaHHbLIX MOHUTOPUHIa U obecnevnBaeT 4OCTyn Yepes Beb-
nHTepdenc ans nogpobHoON OLEHKN OaHHbIX.

OCHOBHbIM KJTHO4OM K BbIMOSTHEHMIO COOTBETCTBYHOLLEN ANArHOCTUKM COCTOSAHUA U30SSALUN ABIIAETCS
TOYHOE OTAeNIeHne U ngeHTUdurKaumsa pasnmyHbiX UICToYHMKOB YP oT wyma. YTobbl 4OCTMYb 3TOrO,
MOTYT NMPUMEHATLCA MeToAbl CUHXPOHHOW MHOrokaHansHon oueHkn 3PARD.
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