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Lindpposusauns Bawumnx TpaHcopmaTopos
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O6opypoBaHue n cuctemol Abb gna undposmnsaymum NPOMbILLNEHHOCTH
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MEXOYHAPOHbIN ONbIT CO3[AHUA LIWGPOBbLIX CETEW* 7‘§ E

POCCETH

LiIndbpoBur3aLna no3songer :

Obecneuntsb npupoct EBITDA [oBbICUTL YA0BNETBOPEHHOCTD
Ha 30% KnueHToB Ha 40%
LHUOPOBbLIE TEXHOJIOI MK

MoBbICUTb OMepaLMOHHbI A0X0A, B YBEeNUYUTL CPOK CYXObl aKTUBOB

0 / NO3BONAKT NOBLICUTE SdDCbEKTMBHOCTb 1 00/

Ha 40% NPUHUMaEMBIX peLLeHNi Ha 1U%

4
N3MEHAT 6M3HeC-I'IpOLleCCbI n BsaMMOAeFICTBMe BHYTPW KOMNaHun
O6ecn<=:-qmb POCT BbIPY4KM OT AT B‘c:'onepaum““y,o CHuauTb 3aTpatbl Ha TOMP

OCHOBHOM AestenbHocTh o 10% W MHBECTULIMOHHYIO IEATENBHOCTL KOMNAHUM B/l Ha 10%, 1C Ha 20%

N
PEesko ynyyLatoT nokasatenu adeKTUBHOCTH:

3atparthbl, BesonacHoCTb, YAOBNETBOPEHHOCTD [

[ CHM3UTb OnepaLMoHHbIe U ] e

[oBbICUTbL NPOU3BOAMTENBHOCTD
kanuTanbHble 3aTpatbl Ha 20%

nepcoHana Ha 10%

[ [MoBbICUTL KypC aKuuit B 2 pasa J [ CHM3uUTb 06beM MHBECTULMA Ha 15 % J

«

*U3 npeseHTaummn MAO «Poccetn» 08.2018 «KoHuenums undposmnsaumm cetemn»



ABB - rno6anbHbIi1 aKcnepT TpaHCcPOPMATOPOCTPOEHUA
NHTepecHble ¢paKTbl

ABB KpynHenwmnin B MMpe NnponssoanTesb
TpaHCcHOPMATOPOB U KOMNOHEHTOB

Kaxkgbih 5 TpaHchopmaTop, BbiMyCKaemMblii B MUpe,
° BbIXoguT c norotunom ABB

o B rog BbinyckaeTca:

B *  2.000 cunosbix TpaHCcHOPMATOPOB, 3TO CYMMAPHO
o y ° 4 200’000 MBA

P P *  500.000 eguHuy, pacnpeaenvTenbHbIX
N TpaHcpopmaTopos (~300°000 MBA)

® B coctas ABB BxogAaT 75 3aB0A08B, pacno/ioKeHHbIX 25
() CTpaHax

CymmapHbIM onbIT BCex TPaHCHOPMHbIX 3aBoA0B bonee
o 700 net

L TrafoStar ™ — rnobanbHas 6a3a 3HaHuit ABB,
KOHCONMAMPYHOLWAA ONbIT MPOU3BOACTBA, SKCNyaTauum
n cepBuca TpaHchopmaTopos



CepBucobl gna TpaHcpopmaTopHoro ob6opyaosaHmsa
AnnapaTHO-NporpammHble CpeCcTBa
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BHelwHWe BO3AEeNCTBUA BAUAIOT HA XXU3HEHHbIN UMKN obopyaoBaHus
PeannctnyHas KpuBaa XU3HEHHOTO UMKAA TpaHchopmaTopa

/0 lpo3a OTKa30ycTOMYNBOCTb TPAHCPOPMATOPa B UAEAJNbHBIX YCNOBUAX s

/o ABapusa B sHeprocucteme OTKa30yCcTONYMBOCTb TPAaHCHOPMATOPA B PEASIbHBIX YC/IOBMAX —~—  ———
Q o
5] DNeKTpuYecKnn cTpecc
[}
8 . Kputnueckas neperpyska
o
MoBbiWeHHble rAPMOHUKU
MnaHoBOE NepekatoyYeHne

| ABapuitHoe

OTK/IIOYEHUE  [1naHOBbIN

: CPOK CNyX6bl

A ,
Bpemsa

Henpepackasyemble OTKasbl NPUBOAAT K d)MHaHCOBbIM notepam M 3Ha4YUTENIbHOM MPOCTOAM.

Mpu coOTBETCTBYIOWEM MOHUTOPUHIE UX MOXHO U36exaTb.

©ABB
December 11, 2018 | slide6 Aged timeline is exaggerated for demonstration ‘\I' I'



ABB Ability™ TXpert™

LUndposon cyxomn TpaHchopmaTop

Cyxoii TpaHcdopmaTop

Uudposasa nnarpopma

G HH ((( )))

OaTtunkn
TOKa 5

TXpert™

* npoueccop

* HaKomnuTe/b AaHHbIX
* Mogaynb WiFi

* Mogynb LAN

bl (3)HH
OATYNKM
HanpaxeHua
(3) Latumkm
Temnepatypbl —— A &
AN
oty \\ Jdatumk
. [ \ Bnarun
=
Jatumkn \
KOHTpONA N ~ CuutbiBaTtens
RFID
BEHTUNATOPOB

MosBonseT yBennuntb BpeMsi 6e30TkasHon paboTkl ¢ Bnarogaps HageXHom 1
NPOCTON B UCMOSb30BaHMM aHaNnUTUYeCcKon NnaTtdopmsbl:

- BCTpoeHHaﬂ aHanuTuKa: CoKpallaeT BpeM4d Ha niaHoBble 1 BHENJ1TaHOBbIE
OTKITHOYEHUA

— MpocToTa : nogknioveHne Yepes LAN nnu WiFi, nHTepakTMBHbIN rpadnyeckuin
uHTepdenc, BCTpoeHHas 6a3a gaHHbIx SQLite

— YBepeHHOCTb: [1Ba YPOBHS knbepbe3onacHOCTH, CPOK CryObl ceHcopoB 20
neT, He BNUsIeT Ha paboTy TpaHcdopmaTtopa

PacwmnpeHHaa aHaAUTUKa

KauecTBo anekTpoaHepruu TpaHcdopmaropa
OcTaTouHbIN pecypc

WNHdopMmpoBaHme 0 aHOpMaribHbIX PEXUMaXxX U CUTyaLusix



ABB Ability™ TXpert™

LindppoBon pacnpenenntenbHbln TpaHCcdopMmaTop

PacnpepgenutenbHbIn MacnsiHbIN TpaHcdopmaTop LUudpoBasa nnarcpopma

CoxpaHeHue namepeHun kaxablie 10 cekyHA:
TemnepaTypa OKpyKatoLlen cpeabl
Temnepatypa macna B 6ake,

ypoBeHb Macna,

[aBneHne macna,

YPOBEHb BIIAXXHOCTMU,

3HaYEHNSA TOKOB M HaNPSKEHUHN,

YypOBeHb BOAOpOAA.

TonbKO BbICOKOKA4YECTBEHHbIE npoBEPEHHbIE 3IEKTPOHHbLIE
KOMMNOHEHTDI

Bbicokon ypoBeHb knbepbesonacHocTum

ABB



Kubepbe3onacHocCTb

KnbepbeszonacHOCTb SBNSAETCS KoYeBbIM BOMPOCOM 15 3aKa34MKoB
ABB. B gononHeHue k ctporum npasunam ABB npumeHsembim npu
pa3paboTke, TeCTMpoBaHUM N attectaumn, B TXpert gobasneHo Tpu
YPOBHS 3alUUTbI:

1. BctpoeHHbin B TXpert npuemonepeaatymk Wi-Fi Bblknto4eH no
YMOSTHaHUIO 1 ANs1 ero akTMBaumMm HeobxoanMo MCNonNb30BaTb
cneunaneHbin kKapTy RFID. WiFi BeikntovyaeTca aBTomaTnyecku
nocne 10 MuH. 6e3gencTeus.

2. KomnbloTep 3akas4vmka OOIMKEH UMETb OEeNCTBUTENbHbIN
cepTudukat 6esonacHoOCTN ANa ayTeHTUdUKaumm npu
NOAKMNIOYEHNN.

3. [aHHble XxpaHUTbCA Ha YCTPOUCTBE B 3alLMPpOBaHHOM BUAE U
3aKasdmKy HY)XXeH KoY gelwmngpaumm ans Toro, 4Tobbl npovntatb
AaHHble.

[JaHHble — ncknwunTenbHas coocTBeHHOCTb 3aka3uuka. Y ABB Het
AOCTyna K AaHHbIM NMOKa Takou A0CTyn He OyaeT npeaocTaBrieH.



UHTepdeic rpacdmnyeckon o6onouku TXpert™
[Mpumepbl 3KpaHOB

CBoAHble AaHHble O COCTOAHUMU UcTtopusa cobbiTum

ABB TXpert™ ' ABB TXpert™

VOLTAGE PHASE TO GND VOLTAGE PHA
07T 0 aan

SE TO PHASE CURRENT

542 &

@ @ — 'P;NMNS:ERS TRANSFORMER EVENT  TIMESTAMP DESCRIPTION
Qg @9 23
L

P

EvENTS PRESSURE None Pressure is normal
& B s TOP OIL TEMPERATURE None Top ol temperature is normal
CONICNED LIFEE L O amia, & Montis} AMBIENT TEMPERATURE None Ambient Temperature is normal
TEMPERATURE : RHHE HOTSPOT TEMPERATURE None Hotspot temperature is normal
OILRISE None Ol ise is normal
JiE= HUMIDITY None Humidity fs nomal
0 e HYDROGEN Nane Hydrogen is nermal
o SYSTEM
e OVER-VOLTAGE phase 1 None Phase 1 to ground voltage is normal
PRESSURE OIL LEVEL OVER-VOLTAGE phase 2 None Phase 2 to ground voitage is normal
OVER-VOLTAGE phase 3 None Phase 3 to ground voitage is normal
3
\

2018-0503  Phase 1 to ground voliage has crossed
16:17:08 5. old

2018-0503  Phase 2 to ground voliage has crossed

16:17:08 sag threshold
2018-0503  Phase 3 to ground voltage has crossed
16:17:08 ‘sag threshold
2018-0503  Phase ! cuTent has ¢rossed second
16:17:08 swell tnreshold
QVER-CURRENT phase 2 Nane Phase 2 current is normal
(OVER-CURRENT phase 3 Nane: Phase 3 current fs normal
L+ 20

00 pem

This is a secured system.

This is a secured system.

SUMMARY

PARAMETERS

UTILITIES

ABQUT

ABB



KomMnnekcHoe peleHune no ynpasieHNno aktTuBamMmum
ApXuTekTypa

MoactaHuus Oucnetyepckasn CepsBep npeanpusatna ABB Ability™ Ellipse LindpoBble cepBUCHI

MoHuTOpuHr & aHanuTuka on-line

E— =V i3

yBedoM  Pekome XAIP  Awanus

P § nexuns HOAUMM  aHanu3  akcrepToB
vl E-mail
Nl [() aKcnepTHas
> AN noaaepxka
AHT
{Asset Health o
: : ABB Ability™ .
v : Transformers} Ellipse APM WHTerpaumusa c ERP cuctemon npeanpuatus
: A A ™= =
: : : Lond3 «/ Q
...... ; : : APM o= EAM
: : Asset Work Ent. Asset Work
PERF  Orders Asset Replace Force
- : : MGMT MGMT  Strat MGMT
JlokanbHbIV cepBep SCADA MpoTokonbl
ncnbITaHWUM




Dashboard

Asset ID; ABE DemoGas Manufacturer: ABE123 Phase Count: 2 Unit Importance: S0
Location: Territorial Drive Manufacture Date: 1992 Oil Preservation: LTC: No
Description: Transformer HVALWTY: 220/ 15 KV Cooling Type; OFAF Manitor; none
Equipment Type: Transmissicn Max Rated Power: 250 MVA Pump Type: Status: In Service
- Risk Factors
Summary l 0OGA @ | Duwal Triangles Standard Gil Test | Risk Factor PEF History | Themaal | Messages @ | Links |

Important Messages

(Aclual Transformer |mage Not A\railable] A ¥ 10/27/2016, 7:03:29 PM  DGA issue(s) / Duval Triangle diagnostic

Duval Triangle 1 and 5 analyses indicate T3 {thermal fault above 700°C). Possi
causes include large circulating currents in tank and core;; minor currents in tar
walls created by high uncompensated magnetic field;; shorted core laminations. Key

ég Recommendesd actions include thoroughly verifying the cooling system (fans; @ short Gircuit
valves; pumps; radiators; cociers; oil preservation system; 1; checking the leads [:}Hic.— _;m'c
and LTC connections; and determining if a recent DETC change caused a connection DD';Iaﬁ'l'.uc
issue. An infrared camera may show hot spots on tank walls; il ducts; radiators; and -
so forth. If performing an internal inspection; look for lead and LTC connection issues
as well as circulating core currents and blocked cil channels. If no external issue
tified; then consider degassing. Missing data for DGA and/or dynamic load is
preventing accurate calculation of correlation between DGA and dynamic load. To
achieve correlation; operate the transformer - for some time at reduced |cad. Stable or
diminishing gas levels indicate correlation with load. If positive correlation consider
load shedding to mitigate risic as required. Missing data for DGA and/or-oil
temperature is preventing accurate calculation of correlation oetween DGA and ol
temperature.

@ Recommended actions sheuld be taken as soon as possible.

A 10/27/2016, 7:03:239 PV DGA miscellaneous issue(s)

Risk of Failure

10/27/2016, 7:03:29 PM  Oil quality issue detected

Unit Importance

Transformer |ID: AEE DemoGas
Monitoring Device: none
DGA Sensor(s): ServeronThi

! a 1 2 3 4 5 8 7
Probability of Failure (%)




AHT Asset Health Transformers
[MporpammHoe obecneyeHne ona MOHUTOPUHIA N aHanuaa napka TpaHcdopmMaTtopHoro obopynoBaHus

MokasaHua n TpeHAabl BepositTHocTb aBapum (PoF) JKcnepTHaa cucrtema

CpaBHeH1e napameTpoB 1 TPEH0B C Knaccudukaums kaxaoro MpepocTaBneHne pekomeHaauni ans
MaTeMaTUYECKMMU MOAENSAMM U TPaHcdopmaTopa ¢ MOMOLLbIo TexoBCNyXNBaHNA Ha OCHOBE JaHHbIX O
CTanmapTamu npeanpusiTust (nmv IEEE KOMMINEKCHOrOo noka3aTensi BeposiTHOCTU KOHCTDYKLIAW, TPEHIOB U3MEHEHMS

nnm M3K). asapuu Ans nppopuTeTnsaunn napamMeTpoB, AaHHbLIX On-line MoHUTOpUHra

TexobcnyxmBaHus

OnTMmnsaumns XXN3HEHHOro uMkKna TpaHCCbOpMaTOpOB n nx

NPOV3BOAUTENLHOCTH + OnTumMusaums pecypcoB 1 pacxonos

©ABB
December 11,2018 | Slide 13 http://52.178.141.165/#dashboard ‘\I' I'




,‘!‘ p AssetHealth Transformers

Fleet »
Asset ID: ABB
Lecation: Territorial Drive

Description; Transformer
Equipment Type: Transmission

moGas

Dashboard

Manufacturer: A
Manufacture Date: 1
HW/LWITV:

Max Rated Power: 2

Phase Count:
Cil Preservation:
Coaoling Type:
Pump Type:

Summary | DGA @ | Duval Triangles

Standard Oll Test | Risk Factor | POF History | Tharmal

| Messages @ | Links

A PravinKhanna B—b | E]

©)

PowerCo

DGA:

Unit Importance: 20
LTC: Na
Manitor; none
Status: In Service

Risk Factors

History | Trends |

|EEE Reference

Condition
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Unit Importance
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KomnneKkcHbI MOHUTOPUHT

£y TXpert™

Undposan nnatdpopma, BKAtOYatOLLAA
06paboTKy N XpaHEeHUe AaHHbIX C

o NOAK/OYEHHbBIX K TpaHcdopmaTopy

o CeHcopoB

()

ABB Ability™ TXpert ™

PaclumpeHHaa aHaAUTUKa

-\Mw\- KauecTBo anekTpocHabxeHus

MOHWUTOPMHI aHOMaJIbHbIX YC0BUIA PaboTbl
KOTOpbIe MOTYT NOB/AUATL Ha CPOK CAYK6bl

p CamoobyueHue

MckntoueHne HeobXoaMMOCTU peryaspHoro
MHCNEKTUPOoBaHNA TpaHchopmaTopa

®¢:? OueHKa 0CTaTOYHOro pecypca

o MpefocTaBneHMe MaKCUMANbHO TOYHbIX
OLEHOK Koraa TPaHChOpMaTop HYKHO
3aMeHUTb

o YnpaeneHue napkom o6opyaoBaHua

. MpepocTaBneHne BOSMOXKHOCTU MOHUTO-
o PWHra COCTOSHUA U PEXKUMOB PaboThbl
. 0OHOBPEMEHHOr0 HECKO/IbKUX YCTPOMCTB

KomnneKkcHoe peweHue ana
ynpasnieHUA akTuBamm

CornacoBaHHas AeATeNbHOCTb NO
npuopuTETaM NPOLECCam M pecypcam

C
O,
A = . C;_c@
aF &
Asset
Performance
Managemsant @

Uzl gbeae 2

Waorkforce Cnte-prise Asset
Management Management



Asset Performance Management

Mogenu pacyeTa TEXHNHYECKOINo COCTOAHNA

Status
GA — General Availability
LA — Limited Availability

Type

RCM — Reliability-centered Maintenance
ML — Machine Learning

HI — High Performance model

Model Type Provider Status Cust. Comments

Transformers RCM ABB (PGTR) GA X Includes LTC, bushings, ...

HV Circuit Breakers RCM ABB (PGHV) GA X >200 SF6 models covered / oil breakers coming soon

Batteries RCM ABB LA X

Batteries HI Kinectrics GA X

T-lines HI Kinectrics GA X Includes structures (steel/wood), wires, conductors

Capacitors Banks HI Kinectrics GA X

CCVTs HI Kinectrics GA X

Underground Cables HI Kinectrics GA X

Relays HI Kinectrics LA

Reclosers HI Kinectrics LA

MV Switchgear RCM ABB (EPMV) LA

Wind turbines ML ABB (PGGA) LA X

Solar panels ML ABB (PGGA) LA

Distribution circuit HI ABB (PGGA) LA

Generation ML ABB(APG) LA Fane, primary sif fans, circuiating water pumps, puterzers. o ced aret
Rail switches ML ABB (PGGA) LA X Network Rail / Microsoft collaboration (Azure Machine Learning)
Other ABB LA Collaborative model development







