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Sunday, April 8, 2018

10:00 AM — 7:00 PM Registration and Information Desk

1:00 PM - 5:30 PM TUTORIAL: Composite Bushings — Latest Technologies, Practices
& Client Experiences

3:00 PM - 3:30 PM Conference Break

5:30 PM - 7:30 PM Welcome Reception

6:00 AM - 6:00 PM Registration and Information Desk

6:30 AM - 7:15 AM Newcomers Orientation

6:30 AM - 7:30 PM Breakfast sponsored by the Westin

7:30 AM - 8:45 AM Opening and Keynote Address

9:00 AM - 9:45 AM Arresters, Capacitors, Cables and Accessories Committee Meeting

9:00 AM - 12:00 PM Training: Protecting Your Critical Assets — Transformers

10:00 AM - 12:00 PM Arresters, Capacitors, Cables and Accessories Technical

Presentations

12:00 PM - 1:30 PM Doble Hosted Lunch

1:30 PM - 3:15 PM Transformer Committee Meeting

1:30 PM - 3:15 PM Rotating Machinery Guide Subcommittee

1:30 PM - 5:30 PM Training: Protection Your Critical Assets — Generators & Motors
3:30 PM - 6:00 PM Transformers Technical Presentations

3:00 PM - 3:30 PM Conference Break

6:00 PM - 7:30 PM Doble Reception

7:30 PM Hospitality Suites Open

7:00 AM - 6:00 PM Registration and Information Desk

7:30 AM - 12:00 PM Transformers Technical Presentations continued

7:30 AM - 10:30 AM Protection, Automation, Controls and Communications Technical

Presentations

10:30 AM - 12:00 PM Protection, Automation, Controls and Communications Committee
Meeting

9:30 AM - 10:00 AM Conference Break

11:00 AM - 12:00 PM Enterprise Asset Management (EAM): Modern Information, Data,
and Integration Architectures to Enable Comprehensive EAM

12:00 PM - 1:30 PM Doble Hosted Lunch

1:30 PM - 6:00 PM Insulating Materials Technical Presentations

1:30 PM - 3:30 PM Circuit Breaker Committee Meeting

1:30 PM - 3:30 PM Rotating Machinery Committee Meeting

1:30 PM - 3:30 PM Doble Worldwide Headquarters Tour

1:30 PM - 3:30 PM Users Group & Workshop: NERC CIP & Regulation

5



2:30 PM - 3:45 PM
3:30 PM - 4:00 PM
3:45 PM - 5:45 PM
4:00 PM - 5:00 PM
4:00 PM - 6:00 PM
4:00 PM - 6:00 PM
6:00 PM - 8:00 PM
7:30 PM

* 2 BB ORER(E)
Training: Power Factor Theory
Conference Break
Users Group: EMI Surveyor and Field Testing
Circuit Breaker Timing Users Group
Asset and Maintenance Management Committee Meeting
Training: Transformer Testing
Industry Expo Opening Reception
Hospitality Suites Open

Wednesday,April 11, 2018

7:00 AM - 6:00 PM

7:30 AM - 12:00 PM
7:30 AM - 12:00 PM
7:30 AM - 8:45 AM

8:00 AM - 10:00 AM
8:00 AM - 10:00 AM
9:00 AM - 10:15 AM
9:45 AM - 10:15 AM

10:30 AM - 12:00 PM
10:30 AM - 12:00 PM

12:00 PM - 1:30 PM
1:30 PM - 3:30 PM

1:30 PM - 5:30 PM
1:30 PM - 3:00 PM
1:30 PM - 2:30 PM
2:45 PM - 3:45 PM
3:30 PM - 6:00 PM

3:15 PM - 3:45 PM
4:00 PM - 5:00 PM
4:30 PM - 6:00 PM
4:30 PM - 6:30 PM
5:30 PM - 7:00 PM
6:00 PM - 9:00 PM
7:00 PM

Registration & Information Desk

Rotating Machinery Technical Presentations

Circuit Breaker Technical Presentations

Training: Bushing Power Factor Testing

Insulating Materials Committee Meeting

Users Group: dobleARMS

Training: Instrument Transformer Power Factor Testing
Conference Break

Transformer Failures Subcommittee Meeting

Training: Partial Discharge Basics

Industry Expo & Lunch

Bushings, Insulators and Instrument Transformers Committee
Meetings

Rotating Machinery & Electrical Plant Reliability Tutorial
Training: Circuit Breaker Controls

Users Group: DTA Pro

Members Only: Wind Farm Subcommittee Meeting
Asset and Maintenance Management Panel Discussion:
Transformer Sparing Strategies

Conference Break

Members Only: Bushing Guide Subcommittee Meeting
Training: Circuit Breaker Power Factor Testing

Users Group: Protection Software

Industry Expo & Reception

Members Only: Oil Committee Dinner and Meeting

Hospitality Suites Open

Thursday,April 12, 2018

7:00 AM - 6:00 PM
7:30 AM - 12:00 PM

Registration & Information Desk
Bushings, Insulators & Instrument Transformers Technical

Presentations



8:00 AM - 12:00 PM
8:00 AM - 12:00 PM
9:00 AM - 10:15 AM
9:30 AM - 10:00 AM
10:30 AM - 12:00 PM
11:00 AM - 12:00 PM
12:00 PM - 1:30 PM
12:00 PM - 1:30 PM
1:30 PM - 4:15 PM

1:30 PM - 5:00 PM
1:30 PM - 3:30 PM
3:00 PM - 3:30 PM
3:30 PM - 6:00 PM
4:30 PM - 6:00 PM
6:00 PM - 10:00 PM

* 2 BB ORER(E)
Rotating Machinery & Electrical Plant Reliability Tutorial
Users Group & Workshop: On-line Monitoring
Training: Power Factor Case Studies
Conference Break
Training: Geo-magnetically Induced Current
Members Only: Circuit Breaker Guide Subcomittee
Industry Expo & Lunch
Advisory Committee Meeting & Lunch Members Only
Asset & Maintenance Management Panel Discussion: Storm
Recovery, Mutual Assistance — Disaster Response
Rotating Machinery & Electrical Plant Reliability Tutorial
Training: Transformer Load Tap Changer Dissolved Gas Analysis
Conference Break
Training: Transformer Design Review and Manufacturing
Asset & Maintenance Management Technical Presentations

Closing Social Event

Friday,April 13, 2018

7:00 AM - 12:00 PM
7:30 AM - 12:00 PM

Registration & Information Desk Open

Asset & Maintenance Management Technical Presentations
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SFAL B T B BRSSPSR (R SR & m SR BUL - ARG - FCA#RE FRA
S S NENS W pray el U
(EFHBETEEUE & FRA kS | ARV 772 — E&16 T FRA HiSRAYVAE
o SRR TEF SRR - 2RI - A SR SV LRI RET (L IS L
BUETERES A BB A FE R ny Uk » R A A B S AR
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(59)

(60)

TR HUR T RSP ES » BT R RS 1A [FIES RS FRA HHEREVES
28 AEBEEROBEN  F8E P LRESNREEM - AHEH
B — SR E R IEAE > LUIE Ry FRA FRGEHY 200 -

SERA A S R A R 25 D R T AR s [ R A e P ]
RERH (% > DN FTLULE SFRA BHERATA [FISHAREEE A AR M A [E] A e
A o ML > SR ETERUE EﬂmUEﬁmﬁﬁﬁam”ﬁ/%
FRA FEER2E > Roltt F#ﬁ‘é*—{lﬁiﬁﬂﬁ’]” ZHEATRTIER - H
Hn] A St B R A [RI A LME%EWEJ% FRA Hh4RAYZE
Z1% > BT A FEBUETE A I_JbFE*%EI’\J A EEREE I R - 1£
SERRHIRTTE T B T B AR R B — BRI SR VAR S HLA
T E PR B R EFERE  IESN W9 T 1E 2B s B F fa k&
TR AT RE PR LR [ (58 FH 25— (BT R B R: -

Fo THEENELTS FRA BRREEM 2l B ELE R R ey m] SR 0%
FA%E T MATLAB &2 = 5E (GUI) © % - ASCiE R 7 —TEE B
i PR R AR 7 0% -

Ry T BB % TR AEMENE PR (YT A IR [RIHYZE B 72 1 T8
me > N0 H TGRS R H IR S — 20 EEEgE T - #
1TV U NZERT

(1) SRR HIA TR T A

(2) BB SRy B Bt A

(3) W Q%ﬁﬁ%ﬁféﬁﬂﬁﬁgﬁfﬂﬁﬂ%

Firhe th HU SR Sy B TR mT DU T ALY SFRA HYBR ) BR a2l /7
7% 0 IR TR AT DU e g A N #% 8% SFRA &5 -

Patrick Picher, T SEERESHHZL T FRA J77E8YFRAR - CIGREWG
A2.53 HYHERE BT T 1A |

AHAREER NI EHETE 2% Hz 2% MHz> H RT3 ERER1T2E R FIN & B
PREEAH AR RERTAS - CUECEEEH T B eI fE AR 28 Rt P s =X
BRUY - WmEEENER L SR EEN R - BRI E
FEIEI B EIRI AR EHVHIR ~ B0 = A R ESAVAHL  FAET R -
TR AHY 15 Fr > FF2 AR seH T B - SlE R
IEEFIEE » Rt » 2016 4 CIGRE Bi#) 7 —{E#HHy TIFEF4H
Dk “TERBARENESNT (FRA) TR RGN Z B R
A"

Long Pong, I $%ERZS SFRA [MHELHIE |

SFRA JATEE —THaT A S B as 7 ftk oo B MR A 58K T BB SRR S

% MBIEAERE R 2 RS (OC) ATRRg (SC) A - Witz el 2 Ml
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(61)

(62)

(63)

BEHAVERL - A EHAEREAES - A (iR L iEgEH 2 fHy
A BB FRHTALE SRS E B, (Rt - —(ESEAHAY [T ETi e E se
BE(EsEATNESR - EEEERS RSB E IREE  A e
7 —7TEERE Ry SFRA Ratio HYMEA TV » A LUHBRIEMEATEE T - BEAH -
SFRA EESRMG:A o] LLRR (At BE SRR M - T 2 A A A st
FENERY - ASCEFEVURZEBINIGE 53R H = 8RB TR
gl —BZLER > FREXEsURILEIER -

Jon Allen, " HEVERES] GIS BYEEERES |
2007 £ United Illuminating (Ul) ZZEETYLERILER AN
GIS 27852 » 3 ZEEIH5 16 {# GCB > LB 1Y% B &/JILEF 4 H 345kV i
HREEPLEs ~ 2 B 345/115kV EARE RS A 6 (@M N EE4E - Ky T Infrss
BTG AR AR B B0 - 3%aTE R SF6 FIHEE » 64 GIS PR
P SN TS a5 TR RE » H 3% 52 345KV F?'Lﬁ]%% LGN E]
EHEE AR s E NI T B R EA RS AV RBA I 2 2 GIS 4R4RHRAT
VAR BB L
R 7 LA U7 = B R BR RS A I R i as 21 T FA D2 LR OH
ail > GIS PEFRBRRTTHR B = Bl b i RE - Bl — S8 BREsAHEE - B
FHEERERHY GIS FrE] ~ HIEUHIE Hr4H 25 B A2 FR 2L MY EHIIRERA - 1M
— RSB ER RS H AR W R AIZ BT » By TR DRI A PR R > Feq
FAaaE B URIEDT A » ARSORHR AP A SRS E - &80
RS SR DA R B 28 DA 47 05 =X B B R B B8 T B S Y A4S R
HIELES -

Mark F. Lachman, Yuri N. Shafir, AbdulMajid Shaikh, Vadim
Fomichev, Ajith Varghese, "H /r~ [ F1 [cHIE B EE S ER 22
FY AR R B R R AE

— 1 B FE AR B S A Y FSZBZ%‘%D BRI H T N
FITAEY 50 &y se mizVEE S R as - s A m AR R, - EAEME
PHEE o TR AS - WiaTam ~ Base SRy BT AR A - BRI
BIZENITA -

Michael Anderson, " BAHkEREENEERAHEFENENESR |

ARSCET T — R R 52 3 i 1 B AT Rk B A A1 R — (&
BEAHAVRIES DU =B R Es 0VRHI R » i SRl - EEOHE
HEFR T SRR T —(E SRR A AR > (e TICE T am AR
NIRRT RE RS AT AR TR R SEAR HE RS » BITAT DL B AR
ST S E I HRE SHERE - 78 T R IR A S BRBR AE P A =40 B A
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(64)

(65)

(60)

(67)

FHVERFALZREANE B (5 SR o] DU a1 A
AL ER S BERRS o A e T BLE R e ISR M B 2
JFEE ~ (ERG ~ HsEe BRI B AT -

Long Pong, Christopher McElreavy, Louis-Philippe Laforest,
"Rz BRI B FE I T AR R

BRI BB WY R KRR R PR A EOIREE:
A5 HREREEER - TIHVER TR - B2 E R
¢ ~ SR > 2% BRI S RISk CupE R S B R T 2O R e - DAL
B AR Y e B PR S TR MR 4 5 T8 DAR i feE ok B
FEAL A4 Tz B B ESHY BR B AR AR M s s T & p a
T TR & R AR - Rkl - ASCECEk 1T =(EZE B
FELL R AAK Dobl e 2 P s iy — Z B fRE

Norbert Gilbert, " FI%Z Wi MIGAREE DETC MR s se SRR
15 CH DN E

ACE R T A8 XA B IR DETC sty - it iR i e
BIEE R P BN RRRYAB 45 -

Robert Breazeal, ' {HEFZEAEH7 /M EHRENE (NBDFR) fgo &k
HEGIREHE

ZEHTI BN EE (NBDFR) Sy ifrlites FH— R T I DR RSO R = 4R
HiE By 1 2 400Hz » =AY CHL {EAVAEFIRERICHTEEE Say /- EE 2EE -
e RS B FEHE 215 A AR AT £ (] 34T B4 60HzZ s A {sE
FHEEE RS - BEE GR4HAYZ(E - NBDFR ZEFEAYSE (LA I T A 4
ZE YIRS > FIF NBDFR » fERF 1B T 0 4R CER) AfkEh
A B R 60Hz FIIETE - DAE Rl EERPAEAI RIS S8 -

Tony McGrail, " IPP SEJRgHYTHEASEBARS ~ HRAH SR BA S AIS2 ER A IR AR
B MY 8T
ASLE B FEN 3 R T BR R EREE (GSU ) ~ AHRHAVHEAH SRR SR A S8 BRI
ARG > Kt T AES 1L S EE IR HE FHAN(E FRRE BRI 572 - A tiIREE
B NHY & B EER BT DL R e R D) & B IR SRS T R T8
s TEI DAOREE LR B AR H 572 - SR BIER I T B BRI
TR TR B Bk ~ DOA B ~ BVTRETT{E LU EEIRIL
BB PSS m ey B E AR A
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2.3 SwOCERE
PERFEGAERRNER CEEES - NEEE > NREAR - SUEEERE
BRI B RE LS A B AN S B2 R A A RA R T sm SO ASFARERET - DARARE
FIAR N EI MR ER TR (AR B A ~ PR ETE RS - S RV ERL
FEEEm AT -
(1) "Trench COS 325 kV EE &7 | (Investigation on Trench COS

325 kV Bushings)
{E% | /5] : Etienne Dion; Doble Engineering Company
(2) "R BRI S AV EE A fE | (Pushing MV Cable Designs to
Higher Voltages)
{E% | /5] @ Simon Sutton; Doble Engineering Company

(3) " BT EE(ERERTE (MDD HEUAIOHE#ES 2, (Why
Electromagnetic Interference (EMI) Test Machines?)
E% | /5] : James Timperley; Doble Engineering Company

(4) TSI T (FRA) BB EE T AR 35 R BE(L (Development
and Optimization of Methods for Objective Interpretation of Frequency
Response Analysis of Power Transformers)

{EZ5 | /&) Stefan Tenbohlen, M. Tahiri; University of Stuttgart
Satoru Miyazake; Central Research Institute of
Electrical Power Industry (CRIEPI)

27



2.3.1 "Trench COS 325 kV EEHIHESTE | (Investigation on Trench
COS 325 kV Bushings)

{E% | /5] : Etienne Dion; Doble Engineering Company
T

AT AR A EREG AT $HRE1E 63KV I 90KV B4 I HIFH AL
P& > i Ee PR A AR R E By 1995 4 & 2002 AR fEAEZERY Trench COS £%E >
AR T IR TR - DL T s sl s B e i i & -

NE -

2015 FEZF » ERIVE NN EEZ TR RE S IERRESTE - RGBS
HaEE THER (—EeSEEREREY 6 (@ H ) ~ MPEHER DL —F& 36MVA 8 8 FR a3
HOK SRR -

R EE BT EEEN LSS HEHE{EEE LRSI R
YE o TRIRXFEVER TN > BT EVEEA TCFIERS - (RS ERERHYIMNED HV 547
B PR H A B B i R B4R B Y 5 4R B T R AR IR AL -

63KV F190kV LY HHFHIEE KR - RS EIRHE - —K
HYm IS B LiE e 2 20°C -

IHTHEE T Trench &% COS 325KV BIL F1 450KV BIL & F Ty 5B

EEE R FBEF iy Ry 1995 5] 2002 FERHY—Z 5 > Trench &
‘B COS HY T ZHEB& A& HHZAR (OIP &) 4HpY - fEHBLEHEFEF > Trench
¥ 1995 4E % 2002 AEHARSAE BN COS 325 1 COS 450 #E {5 F i R e T

TR - %2 3 By Trench Z5F COS 325KV 1EEBHURAEL RATS -

7 3 Trench £ COS 325KV 1R AEH RN EE

CWAZNE| EDF CNR SHEM RTE ENEDIS
=t 4 2 1 0 16
R IE 0 0 0 1
FHEEEE 10 20 7 10 210
2HEERE 40 80 28 40 840

HAL L i FUR 2= 2 20C - HEE S K Trench & COS325 OIP
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1995 ~ 2002 A= 7E - T AR E A S 1000 REMAHEE

LIRS

i 250 {EEE S B SS b s B EE R KNIt - AR EHNEE MR -

2 Ffr ks OIP

B T HEDHE T -

OFF-Line ON-Line
Measurement measurement
-y {
Oil analysis AC voltage DC voltage AC current Other
test test measurement l
Breakdown voltage Tip up %Power Factor(PF) PDC Leakage current VI
Water content 50Hz/60Hz True %PF & C
DGA VFPF, %PF at 4kV 15Hz-400Hz DP
FDS, %PF at 140V 100mHz-1kHz IRTV
2 EEN &2 E T B BHE 7 E
(1) M RAEITT(DCA)NEGER U 4 Fir
% 4 Trench & H T SRAS 1T (DGA)HY4E -
Gas | 'FC61464 | Trench | oepoi4s | 9583146 | 9883499 | 99A3865 | 99A3866 | 99A3871 | 99A3872
limits limits

co <1000 >1500 256.5 261.2 282.4 446 365 611 158
co2 <3400 >5000 569 565 379 1080 1040 1683 1406

H2 <140 >1000 | >5000% | >5000% | 3775 3295 3719 2325
CH4 <40 >300 2023.8 3347.2 640 1064 547 685
C2H2 <2 >10 20.8 231.4 0.5 0 0 0 0
C2H4 <30 >150 29.9 104.8 3.6 10 14 6 0
C2H6 <70 >300 1687.2 2916.2 130.2 302 689 90
H20 <10 >20 10 7 8 4 10 8 10

Total gas 587.2 12426.1 4834.2 5773 6891 4130 664

* s N R E

5 BHsERAE S B LR

Ratios calculation | limits Typical default

H2 / CH4 >13 Partial discharges resulting from incomplete impregnation or high
water content.

C2H4 | C2H6 >1 Thermal fault in oil due to overheating of a conductor in oil.

C2H2/ C2H4 >1 Continuous high energy discharge in oil due to poor connections
at different potentials.

CO2/CO >20 ou Paper thermal fault due to overheating of a conductor in contact

<1 with the paper.
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_x./—v—:,:

6 &

R
Ratiogaz 95B3145 | 95B3146 | 98B3499 | 99A3865 | 99A3866 | 99A3871 | 99A3872
co2/Co 2.218 2.163 1.342 2.422 2.849 2.755 8.899
H2/CH4 2.471* 1.494* | 14.326 5.148 3.495 1.814 3.394
C2H2/H2 0.004 0.046 0.000 0.000 0.000 0.000 0.000

C2H2/C2H4 0.696 2.208 0.139 0.000 0.000 0.000 0.000

C2H4/C2H6 0.018 0.036 0.028 0.033 0.020 0.021 0.000

C2H86/CH4 0.834 0.871 0.494 0.472 0.648 0.532 0.131
LR E A E

RAGLLERHRERE 7 BE DAMNERR S » M HEE 9583146 i
FH#A = ERENEY -

(2) PR FHIE (Power Factor)By&ERA1Z% 7 Ao -

® T IRANENEGR

Power factor value in %
Voltage (kV)
99A3867 | 00A3039 | 95B3145 | 95B3146 | 99A3865 | 99A3866 | 99A3871 | 99A3872
0.5 0.200 2.338 - - 0.51 0.862 0.545 0.86
2 0.188 2.62 1.114 1.898 0.517 0.892 0.547 0.885
4 0.191 3.098 1.227 2.116 0.567 1.004 0.6 0.986
6 0.193 3.434 1.324 2.301 0.614 1.11 0.647 1.08
8 0.197 3.659 1.396 2.44 0.655 1.205 0.689 1.167
10 0.198 3.805 1.453 2.544 0.689 1.284 0.718 1.241
20°C measuring(pF) 195.7 276.58 190.49 196.14 194.7 195.2 196.5 197.5
C certificate(pF) - 190 186 186 - - - -
Delta(pF) - 86.5 4.49 10.14 - - - -
No. layer broken - 8 0 1 0 0 0 0
% 8 Trench EEHLHE
Trench COS 325 Trench COS 450
No. layers of C1 17 23
Typical C1 Capacitance 190 pF 230 pF
Capacitance for 1 C1 layer 3230 pF 5290 pF
/\Capacitance for 1 layer C1 Increase initial value 11.8 pF Increase initial value 10.5 pF
Typical C1 PF (%) 0.25% to 0.3% 0.25% to 0.3%
Typical C2 Capacitance 185-190 pF 230-340 pF
Typical C2 PF(%) <1% <1%
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DhRRZFHENERETR - R T EE 99A3867 4 » HerbE AR PF {E

Bk HAEEAE (EEZE Ry 0.25% ~ 0.3%) - H H &% 00A3039 Ll K EE 95B3146
Hy CL{EREEBIEEEES » BUr Cl A A EMERAIRS: > DI CL &
R e 3 AUBTRER T 99A3867 Z4h - Herti ARy PR {H & &R~

i -
41
- 23466 ppm
E 31
E 2.6 ¢ 12426.1 ppm
5 2.1 e = R
=
© 1.6 + _' 9587.2 ppm
= o— — —— e 5773 & 6891 ppmy
1.1 ~ - G pp
0.6 PY —— O — — 4130 & 4664 ppm|
01 !"‘;"—-07 o— = = ]
2 4 6 8 10 12
Voltage in kV
~@—00A3039 =—9=95B3145 —§-—95B3146 99A3865  ==@=99A3866

==@=00A3870  ==f==05A3867  ==fP==O00A3568  ==@==900A3371  =—=@=099A3872

3 EENEMEZE TR A

AR (ENER A e BRI PR N EE R R (L

>

HIEDIREY (PF) BEEBIERAT TH - BB RABRITER -
BEA i B A R <

HIFINRIAR (PF) B EEIEE AT T s B 1 - HIZeT CL 8
BRI BRI -

HIFDREY (PF) RSB ATIN - BB 4B 5
TRETT T » BEEEFER - (DR L -

R R A N | CL A EANN WA R
FEifr) CL 2875 52K -

IEC 60137 #1 IEEE C57.19.01 A% E T RN [E4E & EE A TR A
(B tan 6 ) PRI > 205% 9 Ao -
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£ 9 IEC 60137 fI IEEE C57.19.01 fZE N IRINEL (5k tan 6 ) FEHIME

RIP OIP RBP
Bushing type Resin ig;[))r:rgnated Oil impregnated paper Resin bonded paper
Tand (IEC 60137) <0.7% <0.7% <15%
PF (IEEE C57.19.01) <0.85% <05% <2%
Typical value 0.3t00.4 % 0.2t00.4 % 0.51t0 0.6%

ifi Trench iy COS EEHIFEAE » #EEL IEC 60137 HUEHVE Ryihs - WIFE

10 A7 -
%5 10 Trench ffy COS L4 19511 R ) L R I 6 0
Capacitance PF variation (Trench source) Typical value Measurement
periodicity

1.0 PF € nameplate < 1.5 PF 0.25% < PF £0.375 % 5years

C1
2 PF > nameplate PF > 0.5% remove
PF < 3% 0.1% < PF = 3% 5years
© PF > 3% PF > 3% remove

FILL E3tBR LRSI AT ¢ 255 90A3867 HYFE ACHIL DA [ F &t
EREERRTTEL > I FHERABAE BT -

Tl L A R (TR PR (R R S AR T AR R R
(H2) - Eft (CH4) FIZKE (C2H6) st -

N
A

I - B A SEZETHIAE R - MRS S EER AR - SRy
R LSOl m RS A I LLE LRSS - A BE (S S EMENYRE -

(3) BHETHR A ZHE (Variation Frequency Power Factor; VFPF) :

BGIPRITT E BAIL RN B — (EE R e 8 - EZEAUANATZE
SRR o IR Ryt bR I FrEE A2 Y B B ey B HL B EVRS Bh AT S [HERY(H S
SR AR - SUESREHRR A B LR S AR R BURY -

CIGRE guide 445 § 1A EERIAVERTOE T C1 DPRNEEAE A FIHER
NHIRRAE > 40k 11 Fow ¢
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7 11 CIGRE guide 445 ¥ FERHAINVEEIIRNE (Hitand ) PR

{8 > 7£ 15 %I 400Hz HYESHTRRZ N E
Bushing type RIP OoIP RBP
Resin impregnated paper Oil impregnated paper Resin bonded paper
Frequency New Degraded New Degraded New Degraded
15Hz <0.6% <0.5% <0.7%
50/60Hz <0.5% <0.4% <0.6%
400Hz <0.6% <0.5% <0.7%

[ 4 RESATPRNZ M EAYGER -

7
12426.1 ppm

9587.2 ppl
3 5773

% Power Factor

1 4664 ppm

6891
2
4130 ™

50 Hz

s e e N -

0
0 50 100 150 200 250 300 350 400
Frequency in Hz
— 0583145 e 0583146 -98B3499 95A3865 — O0A3866
—09A3870 — GGA3B67 —GGAIEEE —G9A3871 —QOA3872
%z S22 N:E=R
4 BRRTARRZHE ST H

E'E 99A3867 F1 99A3870 HYMREEZ 4R ERY » Wi/E CIGRE guide 445
HOREAEE [ ) -

MHAEE > FE(RAHE
R (H2) ~ FifE (CHA) F1ZfE (C2H6) HIEhneE

I[N

DIRNEE S e

"Z? E

B EEIERENRY
BYIEFENE (1
RNE ) Behn > S RAHEE (50/60 2 15 Hz) JrHHHE -

(4) MEERERE (DFR) IERNBER 100mHz 2 1000 Hz :

/ﬁjiﬁ

AR > o] DURUS 5 2 B L3R SRR HURRE

PSR R B AR B — TP RINZN B RV REAEFE > AEERA

[&l 5 A
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70.00%

% Power Factor

0.1 1 10 100 1000

Fréquence en Hz

Tand C1 58B499 Workshop

e Tan® C1 9583145 Workshop — ==Tand C1 5583146 Workshop

5 NrEAREENEGSR

L =HEE - RN BETRIRR T RE - 58 reEdE
EREAEMEEAER - @%H1k -
R AT A2 -

W EEEE A i rE S SURa v R TR T > WA EERY
s T HE— 2D RO SatERy. - AiE 6 B -

6 Emzﬁiﬁﬁﬁﬁﬁ DB IRRRIEDMERVEEREE > T ClHY
| BB EL (N B - A - EEE)

“Eam

£ OIP(Oil-Impregnated Paper)iV4g4% £ 45 H o JH B4R 4E 22 2 [ 7/K s I =S A
R B BEERED RS HY EFA BN REr g & > KR H s RS e E R S 7
M makRaE/KEARERE EFHmECD o Rt - SRR - @5
/KT A iAo H > SRR N B g R (20°C) B - JHAY2A1 R
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RECLARIRT - MECHIEOKAE D T - BIEE E K R EE R
g YRS » HETT 82 H 5T -

BEE I E G R SR (H2) fRE (CH4A) - (ERARNEIN - AL
G (CH4) - tRELE LN (C2H6) - IS R ERE R » BUFESER
fEIt o (6 CLAVEE RIS - MEAE LR (C2H2) » R EHEERGLK
S

Trench 1A 2002 DI R EERER > AR T —B63%st > 41 ¢ g &
BTN ~ BRI IERET - W TR AYRER -

TR N ECHIEFIERAVES - 0] DU S B4R 4% 17 5 B 7] SEAY
2l > A o SHTSRES AT ~ BIETHR R 2N E A B VAR A FE R ] DARERY
EELENER > WalfE REE FHERNSE -
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2.3.2 "R T R E R AV EE R SR | (Pushing MV Cable

Designs to Higher Voltages)
{E% | /] © Simon Sutton; Doble Engineering Company

AR -

BIOMIR IEAE S Ty B R ES A 166W HVE AR (A8 7 B
) AEBZ > 33KV B EE(EE) e IMEEE S EBRIDR - B2 &L
JEE (BMW) Hyi 7y & Al s 2R A B BT = 21 66KV A REim e 75K
MECHE R RN R ERE A —ES R EARAEDEE (RIEK
[F < PKE) 1F Rl ERAR T — (B H AR A 1] L 66KV &
BEGEEIEARAE » AT T BB G R A b S B
A PR R TR R B = -

Cumulative installed capacity (MW)

3,500 18,000
S 3.000 16.000
s 14,000
Z 2500
£ 12,000
8
S 2,000 10,000
®
S 1500 8.000
S
2 6.000
5 1000
§ 4,000
q
G 2.000
0 : 10
FEELS.

= Annual Cumulative

] 7 B A 2 A R 50

JE\ ) & B ek 51 P ER 488 TR B BR By 33KV - B R — B2 Al (RS
LDV ) TR BARE fy 66KV - il = BRER S R e T i B A S S Ak e
(il BB RS EA) LI IE/K AR e koK - B2 - B EET]
S TR MR BB AR - A S IIREIERE > (MR -

& :

AR T A R e E A - AT 158 LR

B A EER T THY T RS A B R R A ERY o fla
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AT /K

R KR (87K

BN S

TRl TR SR ED

TR 7K R
o EHiIE (FH RAEEE))

B4R > SR Y 66KV B EERET A SEEEE g (A EAEEK
= F57K g ) 66KV EEAEA[EIRYEEIE )T #E - Bl{EAry 33k BLEMLL > BA
WU ERE EE T BN - R 0 BEE 1LY 3.0 kVImm B g4y
5.5 kVImm > i5 B HE B2 A WY B R A R i o] AR By B AE -

EBAAE FEEBLERESE S BN (A SRR TEES  WETE
st I RETT 40 4 0 T REBEN(EHEGE R 25 4 0 BRI TE
B arAH VT -

ARG EEEEENRE > BEEEANE - 8 EPR ML > 351
BREREE T {E XLPE F1 WTR-XLPE [ SR gE BN BT %A ~ sTEFTHIE
7Kg} -

Hh R R TR = - TRz TR TRz AR
12 Frraft -

F 12 T EREEIE

Radial
s Waterblocki
sxa A CORE water Jacket MV(land) | HV(land)
ng tape )
barrier
Europe
Dry v v v v (most Everywhere
countries)
Europe
Wet v x x v (most
countries)
Europe
Semi-dry v v x v (most
countries)
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XLPE #1 WTR-XLPE HJ72 54401 & FR -

8 XLPE(ZE)F1 WTR-XLPE(£) Ky &

5 RS R

BA RN S & T e LRSSy - 28 B EE L
R\ B8 55 FE [E g PR iy o BR ER SR AR R (A — Ay > Il

o HEFES AJKH

o EHEM /KT {EIEES

o REDMYE

o HEIIE IR/ EHRED

o /KBRS

o S (B RHVREIRE))

59 B TRHHY 66KV JREMRGET - A R 66kV BIIERME (H]
HAEBERNVI/KE) HEERES] N EE > SEgey 33kV BEMEL 5%

PR ELANIN - (HEBRAIE NI —% - NIt > ERETIHRE 3.0 KV / mm 34
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Max length of water trees L (um)

PIE] 5.5 kV / mm - 15 BAHERE IR A 1Y S AN Rty ] DU AR P
TEHAVHTERSE > DUN A [E S R OF4ETT XLPE A WTR-XLPE ZH5E

(1) MfE

Tl

AN BRSO - A EEE SRR ESE

1. 5 LR ES RS HE PR E AR - R R R R
J& BRI e BRI -
RRRENRERY - AT AT AE R EE (O 5 2 ) SRR (RS A -
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Salt concentration — Model samples
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(3) EES :

— el o BTHY 66KV JRIEREIRE L 66KV [ EEBEEAN DAY EETI/KF
NIAE > BT 5-6kV /I mm - s REYEE AT 33KV EEIHYIE JHYRIE - 4 LDPE
T{FHY Fothergill 5o 2o - B Kistiy 8 B E A IR S HMHEE > &
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2.3.3 T RATPFEGE A BT (BMD) HEUARHEES 7 1 Why

Electromagnetic Interference (EMI) Test Machines?)

1E& | /AH] : James Timperley; Doble Engineering Company
HE

B ~ FHEERISR TR > A DR At AT nI SRS - [EERTA TS
iR E T RE e IR B AR IR - I TR ATRR ~ BB =R - B
Hrikesth A RE ARG TG - IR DS RS ENSER > EHEtEE
R > AIRERR R BUESE A A RESERE - S DUER (5 F Sam b b (ki
e E R e A e I E EHRE H 0% - DUme & ~ BRIk A =]
AYRESK > SRV AR ET ST R - Shlikes S baviEss - 12
GUHEE N EER U > R RS EBHSEZ SRR A - Bear=UHIEERZ 4
i o A BT o

HIRREREETHET - REAGENEE T AE PREERE LU
REAFZIEN SR - ARERERT LR T ESEURE ) I e =
{ERVEEES » Hohg — RS AU RRHRF S T EUE EMIES - EMIJIEUE —TE
FELRAMEGMT - B DASR I s IR AR 2 2 iR e e YRS, - (R E4E
fEZmn - Al PR AR S & DU TERES - I HAE KBS IR
MR IE I S R EIGEEUEEYE -

Since 1980 EMI testing has been applied to hundreds of
generators and motors in many countries.

s

12 EMI TG AT DA AV SEEAH & >
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ZEHET-#E(Electromagnetic Interference » EMI) 2 k& TR AEIHI & 18 HE(RF)
RERHIE - RS 2SR B SR AR R I P 5 [ S0V BRI 8 - B d%HY RF
AREEEC EMI R uth 4R B 2R A B A BA AT 2 —HY » EMI 228 &
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EMI fEECHASFINE & 50 8% /E CISPR 16 (BIRSFE RISt i & » —1f
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JiCEE (gap discharge) ~ f/]NKAETEE (micro-sparking) ~ B35 (arcing) HIE%
%% (random noise) - B A AT B & A BRER AL H R S50 Hr RE(EfL
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EMI B2 B RAEE ~ Zratthapel i VEr RV 228 1L ~ P
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—(EEA L B ea T R BN e B AU TR A > BURIEETREX
& L/NRF > T A DU AR YRR - HUREY RFCT B I B AN 13
B -

h
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EMI S i BIRF SRR e B - ] (1 A2 Bl S8 B RN 241
ERVEIME R - I ATEUREY EMI RO HRES 8 SIRIEEE] > IR B
Al e
B :

AR H USSR T RE M AR R B 14 BUR T

EE S AR - WE BN ARG A IS AGREE - SlAv S L K
FEE - SOBERRETE R R EN Bl B E A Y - MEEUHERE T
A TR E I

A
o

The results of shaft currents can be severe. Detection of shaft
currents with EMI saves future deterioration and repairs.

Shatt current
damage

i

14 O REEA BAEG plcih SRR R T Ay R

Generator shafts must also be properly grounded.

Some use two ground S. 800 MV4 20 kV Generator
With and Witho i 4r:ing Shaft Grounding Brush

As Fourd
1000 P poan=106 uV 3w
S%0. Dev =260 uV
Peak=1122 uV

After Fix

Mean=16 uV
Std. Dev =16 uV
0.1k Peak=70 uV

L Il

10 k 100 k 1M 10M 100 M
Frequency (Hz)

15 EMI[ERE (ARERESE - EFER T i)
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B 16 R TR BEE - £ N —IGET B AR L HE L E AT
HENEEREEESES > RAHHEE  ORCTASIREEERE) > T
AL E LE T EHE5ERL -

TAEMBEfEATETE] - WraEEER G RS > SR EETHHE
BB BN EE -

Broken rotor bars are quickly identified with EMI techniques.

& 16 =R i 2R i T BiR

The EMI pattern seen was of arcing that followed the rotor slip

i
W’ “' Wmﬂww‘u{‘ﬁw ‘W ”W*

o4 SA Motor
necessary. Ll
T 21}5 Zﬂlfl 23‘5 2!‘0 25“5 SEI(I 365 31:0 3]!5 350
Time (ms)

& 17 EMI[ERE (PR R [F PRI = 6 ()

Arelr g 1eom broken rotor bars

of broken rotor bars.
Recent repairs were not

R, B
| 1

successful.

do-uv

==-

EE- |
1 1

Bar replacement.was

S

AR FHZE B34 Rl > 26 T EMHIEASE ey signatures fi1 15
fiipatterns FYR&(EEF] - FTAHYF EMI HIEHE A H SR s A R
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HAEAY B REAERAYIRRS - FEHEMI AR LT T DAS IR AR R ARy 458
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Diagnostic

Acquisition
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2.3.4 " BERSSIRE T FRA J57ARYBAR - CIGRE WG A2.53 HVERE
BAEr 7| | (Current State of Transformer FRA Methodology — Progress
Report on behalf of CIGRE WG A2.53)

B35 | /\E] : Patrick Picher; Hydro Quebec

AR

PR B RE N B HUHEETE 20Hz £ 2MHz - H TSRS TR R SR Es %t
SHEGIRRESFAL - CASEEI T e Bl iR 8 Rl st =R Ay - (2
FEEEAER L - SREEA GRS S HUARIER - HIAnE e HiFAH [E
sl [EI BRI E s EAVHIE ~ B = AR ER AR R TR - fEBRHY 15
bSPTIR A - BB EEIEEER -
It - 2016 4 CIGRE Fydfy | — (MY TIFEEH - 205 “(ERRRER T
(FRA) EfTSBRHRGMENEHENEERERTE -

A

FER 2 T4 HIER, (measurement of the frequency response) 2 F 2 HIE,
STl B ) SR BRas R AR v B SR I T P ey S84 B - Al 18 Fios » AR
BFEdh N C A A HIEEAE | IEC 60076-18 LUK IEEE std C57.149 {24 -
{EAERES R HIEE A R 50 A B £ B ELRE A &R & - THEETTE
RN Z T LR SR+ BRI bR ~ B A A SR BR S5
Ebis ~ B E SRS -
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ST 2 SURR T TS Al pe s B es OB AR B e Ay E B e B E
FREAYBISE » R CIGRE HY L {FRFAH RS — Lo A AR ARl » 58 52
ik ~ (BRI EIRME - BIL > ARy FBRigH -
(O0F- i lh=i: ) qiki=t

AIRE R R (B R BN & 2 [ B LA S R RA BB 7%
feRTi D ap 2 Ay 2= R UL B (EHE - nTRTRR2E HEY > 4iE 19 Fos -

4\ SFRA Interpretation Tool — O x
FRA Interpretion
30k Referance
Cn-site
m -40 F
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i B = _
i0° 10° 100
Frequency [Hz]
Standard Deviation | Euclidean Distance |Correlation Coefficient ASLE Cross-Correltion factor
5.4909 1647282 0.0051 1.5880 0.8331
# Refrance and On-site Axial Displacement (AD)
Referance
Radial Deformation (RD)
(1 On-site
Disk space variation (DSV)
» Full range
(1 Low (20 Hz-10 kHz)
' Medium (10 kHz-600 kHz) : -
High (600 kHz-61 MHz) | Run )

20 FAREFEAL R AV Z R
(QFEN BT BB B RS R

SRR ARGER B R i e B BRI EEE T - BIERIOT
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