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History of Power Transformers in Japan and Description of Historical materials
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M Abstract
The first transformer products manufactured in Japan were made in 1893. In this paper, the processes of
developing power transformers in Japan are divided into three periods.

1. From imitation to domestication of power transformer technologies: 1893-1945
Japanese power transformer technologies started by imitating foreign ones, and then were further devel-
oped on the basis of technical collaboration with foreign manufacturers in its early stage. By the 1920s the
industry had assimilated those technologies and was able to stand on its own technologies. In the 1930s Japan
caught up with the technologies of top-level countries.

2. Outgrowing imported technologies: 1945-1975

In the period of reconstruction after the world war, Japan revived technical collaboration on power trans-
former technology with foreign countries and aggressively introduced newly developed techniques acquired
from these top-level countries. The Japanese economy and the demand for electric power expanded rapidly in
1960s, so an increased MVA level of transformers was achieved at almost the same time as foreign countries.
In this period, 500kV transformers also were developed. Leakage flux problems are serious problems for large
power transformers. Japan's makers had to solve these problems for themselves without any technical support
from foreign countries because they developed large transformers at almost the same time as other countries.
Additionally, they encountered problems with extra-high voltage. Japan's makers had a hard time developing
a partial discharge test; this test was newly required for development of the 500kV transformer. Ten years
were required to solve this problem. However, overcoming these problems lead to a change in foreign coun-
tries attitude regarding the quality of Japanese workers.

3. Growth of domestic technologies: 1975-now

Insulation breakdown problems in 500kV transformers are caused by static electricity between insulating oil,
circulated for cooling the core and coils of transformers, and their solid insulation. Lessons Japanese manufactur-
ers learned in solving these problems produced good results that aided them in developing original transformer
technologies. For example, development of the UHV transformer and its insulation technologies overcame
Japan's severe limitation in railway-transport as compared with that of European countries or the USA. Another
example is development ahead of the rest of the world of the practical use of large capacity gas-insulated trans-
formers. Development of these technologies was achieved from basic research and steady testing.

Toshiyuki Yanari
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YA 2FFTERIA (7 X5 GE 1)

AEIEARKAZEEEE66KV,30MVA (RREH AFHSS) (=%)
BriEsy TR ZEESR110kV,66MVA (hEE /7 EIUSS) (FZ)
DRI IRIL27 EMVA (BATEEH #HiEASS) (RZ)

ariEgy TYRZEELS110kV,70MVA (AMNEH X+FPS) (B3L)
EZEEEEREZE T ELSISMVA (RREH =#SS) (A3L)
ariEgy TY)RZEE25154kV,30MVA (BAREE /1 #H/\1ESS) (1)

FERTZ 85 0B BRI =825 £ 85275k V,260MVA (RREH 1 HERSS) (=%)
=HBZEER3275kV,200MVA (BRRESH TEPS) (FZ)

MBI EE=EHFXERESY TPBREERR120MVA GRALESH AESS) (=)
mVENT R EE#H % ZEELE220kV,180MVA (AMEH FERSS) (H3L)

20y MEFRZEE 252500k VA (E$% FILAKR 2HESS) (A3

MO —7IViERR (TL 77 b) ZEESF=1866kKV,6MVA (F7A{EZ) (BL)
BENVFAZELS 70kV,3MVA (FEFESH) (BAES)
ST ZE 266KV, 10MVA (RRE S #%51SS) (FAES)

500kV *xEFAA (V&)

=1AZE25275kV,270MVA (FEEH HZHEPS) (FZ)

4R =4 ZE25275KV,264MVA (ERERIZ mllI#SS) (=2&)

A&7 RIL70kV,20MVA (BIFEE 11 £5#SS) (Hir)

#AT B E X 2T E 2R = 48275k V,264MVA (T iRBI% FER=RSS) (H3L)
IBDAAK GRSy TYHRZEE LS, =48154kV,75MVA (R REH E#ISS) (1)
#A T B B Bk 2T fE 28 = 48275k V,200MVA (E8FEE H B ABRSS) (E+)

BHRZESFRMERORMLAR
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1959

BAXRICH T 28EHRKR

EESBFBEEHKXM

1960

154kV i FXZEERT (RRESH FHESS)
275kVOF o —JJL

A Y TS5 LKA Y N—21)E A

AR % A1) 3 P

154,275kV o —JIVIEREIZE E 258 A
SR DA M i 0 A B A

T L — TR F B A

AR RIS OSRKVWARE ARA
K7 —ILR<TvESY

B4 o R ERER HSE Rk
STOTIVERDRS A REU T 7N IVE R RRA

1961

HomME TR IR DR
I 7U—- M EEETE A

1962

DDA AEEATE B
i SR AR HE AR AR E AR R 4A

1963

B EDRFHFRERRE

R1YMR ¥t ELTC DRFTIRIERIA
B BRGEAE FARRA
SREET T 7 NEAMEGRAEE A BA
Ky T HEFR T O—MBHIE IR H 25405 A
1) — Rz AIE S Ik 7@ AR A

EESRFATOBIN RS (1R IS MNEFFE

CEi-9)

1964

EXRIAFH Ty TEIERRIA

ZEEXSHFMEAR (RREN BiH%ESS)

7ILIOACILDERBIA

1965

BRERSy TUBREERFOLRER—
500KV X EHRERK GRREN BHAR)
BB BRFE RS (BIRFRSE £ X M)

BRIy TYREEROEEEBABEEWRETETO (ERHREME)

BRI EBHERDEA
JHRA X IEFE
INARERDDIRA
IR EMA O IVHEILE
ZRTTHARET E R TR

1966

CC J—ILRAIREIFE A

AT MR AAFHEDE A
RERIEEM D2 E{LEItA
FRAERE D EARIRENARAT 'O 5 LRSS
EESSHZHEFIRIEC-168 HITE

EFZ iz A X DIERA

BERA1> /YL A SkEREE A
BARER_ER/DEBEAGEEER
Ry b AERD Y TIRDIRA

IS TRER S —IVRDIRA

1967

P AR D EEEREMICEA
SETHRESEEA
fEixmk N EEEA
SR A0, 05— 3 44 1iihEL
aOF7)—EERIOZEA
1EK/EERIERRAEDEA
HomEIRFLA
TLZAR—RFE—@Hrs @Dk
SMEE OO 1 —2bED
KIMKXEL MY FLTC DHME
BHEDEEF/FMREDITEYY (RZ)
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EF R X E & HE G
HBS B 25 S BR FH400KV,200MVA (BILFA%ERR) (H3L)

#HREZ . BHOETBE R ZERORIR. 01t

AT EEHHET ERR=1H275kV,260MVA (R REH FESS) (=%)
WTZEERFAZEELRER =48154kV,100MVA (RREH FHESS) (FZ)
W T REFRHALTERERI=48275kV,133MVA (ZREI%E A RPS) (R2)
=+BZ/E28275kV,300MVA (SR RE S #BEPS) (RZ)

IL 77 MRAZEESR77KV,50MVA (FRERE S mERSFE]SS) (BAEE)
DERVT I RILT7KV,20MVA (BIFEE H #75SS) (BAESE

=T IVERE (IL T 7o) ZERR=18275kV,150MVA (R REH #BEPS) (1)

330kV,100MVA &friE&y SR B AETERR (F—XNFU7 YR=Z—SS) (FZ)
330kV,160MVA &2y THMBATERR (A —ZFUT N—ILZKRAMPS) (H3L)
a7 — B EEHMEER S ZE2R =1H90MVA (hEE S HFESS) (E+)

AR R B AR [E 25275/220KkV,200MVA (BSFEE 1 1EERSS) (B+)

PCB #f&#%:H A 1500kVA (BRREH JIIF K AHPS) (HIL)

IL 77 MREAZEER77KV,180MVA (RS H tRIEPS) (=%)

fRiEX T U N—%$RF154kV,100MVA (BAFEE /1 #AE8SS) (FAES)

R E R B AT ELR220kV,111.5MVA (EBiRRF R FSS) (=%)

AT EEHHXZT[E2R275kV,300MVA (R RESH JLEESS) (=%)

Y EERHER ARy TYRESIFAZES =63kV,45MVA (BX1L%) (L)
DERENXZEERR200MVA (FhEREH JIIARSS) (B3L)

JERR R R ARy TR ZEE 28220k, 150MVA (R EE S/ 1LEASS) (BAES)

=+87Z5[E25275kV,370MVA (REAFEEH tEIRE_PS) (=%)

=1 E—4 X =HZEE2275kV,420MVA (R REH #BEPS) (R]Z)
=1BEE23275kV,430MVA (FEEH EZ=EPS) (&)

#AT S HE A ZEE 25262.5kV,300MVA (R E8EH FERHESS) (HL)
LTC N ZEESR (RALES $i=%SS) (F=)

DI TIRIL14.7kV,40MVA (FIEBISFE m&)I#SS) (=)

0y MEFRZEELZRIOMVA (B HimEHitiaA ) (=8 . 812)

Bl ZE R AZEE25275kV,368,353MVA (FERF EAMEFC) (=)
EERFIKMALTC #AAZEERR (BAFEESH HHM&IISS) (HiL)

4%B) =+BZE25275kV,300MVA (HREH dLE=RSS) (=%)

#AT B E Rk 2T E 28275k V,300MVA (ZiFEI% €5 ESS) (F1)

#AT B B IRk 2T E 28275k V,200MVA (R REH #FHi'51SS) (FAES)

a7 — RS EE R RS ZE25140kV,25MVA (R R &K ER sAEE9K18) (A3L)
BRRETR7IEDIAAREEEFIEBEDC66KA (BAFEL) (L)

RBEHFIRFRE
RRAU BV U BME

455 =B ZEE 25345k V,400MVA (F—ZX ZUT7 ¥ ESPS) (=%)
LTC A% F7275kV,300MVA (BRIR'EH RE®RSS) (H3T)

—i-I-oAEE

735kV X EFE (HFK)

=A% E25275kV,680MVA (R ETEH fiIEPS) (RZ)

LTC AEEI* 2 E25275kV,300MVA (BRREH ;IHESS) (EZ)
500kV FRERRAZEERR (BaEMZr XU (BXI . HZ.=%)
400kV ZE[E2S (AFOMEITHI50 A3000MVA) (=)

i EF500kV ZE 2 (HF4BCHPA 80,100,200MVA) (3RZ)

H A A5 ZE £ 252 = 1H66kV,3000kVA (BE—4E&) (RZ)
=#H275kV,510MVALVR 1 Z[E25 (BARE N 1RERE_PS) (=%)
AT DR 7781236k, 125MVA (A7 %) (Z%)
=+AZE[E25154kV,420MVA (BRREH AHPS) (A3L)

g @S E’UT7 U MIL420kV,35MVA (X% 0 CFE) (=%)
ERIFBEZEEER=E63kV,50MVA ZREHK112kA (BEFILFE) (B+1)

A EARE A =18154kV,53MVA ZEE2S (JLREEH mEEEE=PS) (5+1)
FRRERZ 2T 25220k V,180MVA,45dB (AME S FELEFRSS) (FAES)
T ZEErFRAZEEZR154kV,100MVA (RREH FikSS) (FAES)
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1967

BAXRICH T 28EHRKR

EEHRBFEREHT KT
HIDSFs iEFFEE IR D EamEA

1968

MDGIS BB

500KV Z[EIFTOREPIGFRIEREIEHEBRE
O REARBESH D BE L

1969 FILIOAL NN —SFRF
1970 | 275kVGIS (RRESH L ZESS) 735kV HIEZERDORIRERR

IV ERLIREN D EERRAT
INFIVBIREE 2 V1R
E—IILREEZRDRFE

1971

275kV # N XZEERT (RRES HESS)

R21—LtF)—FRI1E

EAEIT500kV ZEEIFDEE

UHV BRSsBRAT IR

500ton hL—ZE R

Yy RT )y THEFR220kV,200MVA ZE[E 25 (E$% LLUSITERER)
EERREIROIERME B RIT (ERFSMERE)
Lo sl X —H¥)5E A

AHLEIC LB ERER

1972

SE RV SR ERRE AR A
MR AR EBIEERE B ORISR
mENHEIRRIAERA
EBRETLAR—RDIREA

1973

500KV X EFE (RREN BT

EARPURTR AT LR DR
BHANDEH (TZVIIVEE R T HRED)
L2V BESUEANWEE A (REkEY)

1974

500kVOF r—7 L& A

MBEESERICLDITEESREHRE
=IRTTRET BB

FERLME RAIE B TR AR

500B #&kmES S EIZRDFFE
BARESENOAMS ODOERE
2 T5 L TER R LIEE DR

1975

7S ex o E AR A A A

TLXR—REHEEM | R FAEEY . SR LRSI O—MiE
I7 /XLy bR EDE A

RKEEZEHDFRTIEH DRSS (EXHRMAZE)
EHHLABAIEREL TR T Ty L TRaE DML EIRE (EXIBRME)
SEHE I ARERR D275k A DiE kA

J ==X 7L OE RS

1976

275kV ¥y L AT L X425 51E

500,275,154kV KREZEZDRMEE S E . EREDRE (EXIHBRMARE)
ENT B IR R D AFRAE B L F4iTREAL

iefmm EEEIEENR

ERIRBNEEAT FATREL

BHANDFEATHES ((K—5 2K ELEKTRIMUNION #t)

1977

EERRORESZ(LOERRAE

BT - R AR AT HR AT R L
BEIH X DB

500kV ZEEZRDARH/N—HHnED—HAAE
EEHEBESEX R DI FT (EXHBREIMZR)

ERFERYERMORREAEIRE Vo4 2004.March




#HREZ . BHOETBE R ZERORIR. 01t

455 =48275kV,222MVA AR EIEREEER (RREHLEPS) (=%)
B A (7 BEAB500kV,400MVA ZE[E2S (7 X4 BPA) ) (RZ)

65dB AR EERSZEESS (AMESH K45 PS 270MVA) (HiL)

i HH @)1 Bi4B525kV,900/3MVA ZE[E 28 (USA BPA) (1)

SECIA MO TR ORIFE (\IERER)

T ZErFFAZEEER275kV,300MVA (R REH HESS) (R2) 7 RORmE&ERE

EitH RV BE4H400kV,1000/3MVA X35 (877715 ESKOM) (=%)
=HEZEE25262.5kV,490MVA (BEFEE S #EmPS) (HAL)

132kV BEELZEERREEE . 4 X34MVA,DC213.6kA (ALCAN) (E+)

=+B%Z /£ 28275kV,680MVA (RREH BE BEPS) (=) KER 77 ERE=EE

{EER = 25 £ 25275kV,300MVA (R EREH =7ASS) (HIT)

B A (7 BEAB525kV, 1000/BMVA ZE[E 2% (77 %) 4 BPA) (B3L)
275kV,700MVA i 18iA% 28 (RRESH EESS) (R2)
bSO tERF R ENZE2566kV,1I0MVA(EILEH) (FAES

=HEZEE2F275kV,870MVA (RREN BEE—NPS) (F2)

EAE T BEAE B A500kV,1000/3MVA ZE2S (BRREH HHASS) (FE)
E G B AR B A500kV,1000/BMVA ZEE2R (RR'ESH B#SS) (=%)
T ZEERFAZEE2R275kV,200MVA(RRRE S #FTESS) (=%)

NP ENER =825 ES5275kV,335MVA (RREH EEPS) (=%)
=+AZ[£28262.5kV,660MVA (BFEEH #ERPS) (HiL)
KEBET7—VIFRAZEEIIR6OMVA (RIERSK) (FZ)

DE&T77NIL66KV,80MVA (RFRE S HFaSS) (FZ)

=+AZ/E28275kV,1100MVA (R REH BEEBPS) (]Z)

By TR EEER275kV,660MVA (BAFEE 1 1EERE—PS) (F2)
Bi4F B 4500kV,1000/BMVA ZE[E 2% (HREH FHiEESS) (BHIL)
=#8500kV,640MVA ZE25 (BAFEEH B4 RAIHBAKPS) (BL)
B ST AR ZEERS275kV,860MVA (BFEE H =EPS) (=%)
B2y TYBREEER275kV,450MVA (R REH #JLSS) (=)

B4R BEAHR500kV,250MVA ZE/E 25 (RIFESE 1 3 &I1ISS) (FHZ)
anrEEEA IR LT E25268.8kV,250MVA (RRALEH $1:8SS) (FAES)
ST 7RIL154kV,80MVA (BRIREH KHAKAHPS) (BAEE)

E1 RAEMmavy

455 =48500kV,640MVA ZE[E 35 (BAFEESH BZ 42 RABKPS) (=)
AT EEHEFLRT275kV,450MVA (R ERE S EE1ESS) (HZ)
=+H500kV,1100MVA ZE2& (RREH o #HPS) (RZ)

4E 5 =+BZE[E 25345k V,500MVA (BEEH) (B1)
E—ILREEZRRFERE (B

He/ I\ Z EE%fE66kV,15MVA (RREH ELIRSS) (AAES)

BiAR ) BEAAR500kV,250MVA ZEE 25 (BIFES 1 $i4ENSS) (H3L)
et R X B BT BT E2E60KV,13.5MVA (E$k E1USS) (FASEE

D& T7RIL275kV,150MVA (RR'EH dL ZEESS) (RZ)
=4B500kV,1100MVA Z[E25 (REESH #4#HPS) (=)
=1H275kV,1200MVA ZE2F (BRETFHEE KBS NPS) (=%)
SERV T 7 RILA00KV,50MVA (15>2) (=)

Bi#H500kV,500MVA ZE2% (RRESH EHSS) (=%)
=+H500kV,1240MVA Z[E£ 25 (BAFEE 7 KERNPS) (=)
DRI IRIL275kV,150MVA (R REH =IESS) (=)
=A% E25275kV,680MVA (R EH fmiEPS) (B3L)

B 43 BEAAR500kV,250MVA ZE[E 2 (BIFEE S §&SS) (=%)
E-IILREEZREERRA (=)

SRR T 7 RILE00kV,50MVA (F52)L) (=%8)

=+H500kV,1200MVA ZE 25 (RHEEH BEFE—NPS) (FZ)
BiAHBIA500kV,500MVA (BRREH HEHASS) (RZ)

9 N EIEIES500kV,680MVA ZEE 25 (BIFREH BEEFIHKPS) (F2)
BERE R HZEESS125kV,187MVA (B REH FHERFC) (HZ.H3L)
LTC BRI EE#HH*FLRT,275kV,450MVA (FhE8EH dLEESS) (F+4)

—i-I-oAEE
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1977

BAXRICH T 28EHRKR

EESBFBEEHKXM

1978

WIS EBRBOREEEHE
TR S E BRI HE

DN TAE{ LSRR O — A%t

UHV R IEZEEIR5EH
EEFRDMEKETERTE (EX BRI
BEIHZHEFIRIEC-204 FIE
BZe/NULTKLTC BRSE
BHEBEICSSMERENTEDML

I ANT) T LB IR MIETRE

1979

BB EmRSy TR EESHFDOIREL

LB E - AMNEREREFELA

H R EEROREA
FRP 77 ERAER S ENZER A

1980

EEREOZIEIFERE

UHV R1EEEZROREIEFEEARET
BTA 2 hN#&#5 im0 FA A

MR #t#>)—XLTC OiE ARItA
GEORG #t$%/ 0 BEIIHAEE A
EEHIRDOMEEERERE

1981

P H DI LDRFEEGE (EXIHRFZR)
UHV BaZEHRiT0500kV LI 25~ it FERIA
SMNREHESROE AR

147kV H R @B EIE 2R FEST ik

1982

BB SR A MBI L B2y TEIRRTE
REXHIET SRR 08 A BRA
AEZR ORI EFEER G A X DRISE

1983

BEIRT v T DMMEREHEDWEIL (EX BRI
TEIVT 7 AE[EERDFHZE

1984

2Ty T Ty THEH KD HE FARA

T RAR—Rifp R~ —H)5E A

BhE s LKER = ZEE 25275k V,300MVA,70dB DR
275kV H X MEARZEERR T ONEE5EAK

o BRENR T E 28 OE FH A

1985

EEIRZ T DRIBREERENE
EER27DOATMEABENFERR (EXUBRTZE)
SO B ETEA SR E A RAA

1986

BAREI N EICC o —IVRER: ARELR I H

1987

HEEDOKEFERE

1988

UHV S BHRRRET (RRES)

FLWEIRERET DE A SR T (ERUBRAZRR)
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F E X E & B &
AR AN—gkE = B A ZE[E25500kV,750/3MVA (RIPEE 5 MR #kSS) (BA3r)
ABET7—VFBAZEEZR72MVA (R FEIL) (RZ)
HE/ I\ EEX 154k V,20MVA (R E S Ki#ESS) (FAES)

#HREZ . BHOETBE R ZERORIR. 01t

GIS EfEEZ5E 25 B AR B £500kV,1000/3MVA (AMEH FEAMSS) (HZ)
GIS EfEEIZEE 25 B AR B £500kV,1000/3MVA (AUMEH FRSS) (H3L)
GIS EfEEIZEE 25 B AR B A500kV,1000/3MVA (AUMEH FEAMSS) (=)
UHV % BB A ZERS 1550/ 3kV (B AR RIFZEER #IU) (F+L)
HARAREREEEMIEE =1813.8kV,67MVA,DC68KA (H7+ %) (FE)
=+BZE[E25525kV,1100MVA (RREH #i+#EPS) (H3L)
BT S T TIVER LD R 7 7 R500kV,50MVA (FILELF L7 1) (Bt)
AR ATEE—ILRZT[ESE22kV,7.5MVA (E$% 1LEER) (1)
Bi48512.5kV,1200/3MVA ZEE2S (hF+4) (BEL)

#AT B R ZTE 25275k V,450MVA (FhERE S BLESS) (FAES)

A ZAAKZEELR66KV,10MVA (LHisTErE) (FASES

W ZErFRHAZEE2R275kV,300MVA (R REH tHABSS) (FAES)
WTZEFRADIEU 7 7L275kV,150MVA (RREH tHAASS) (FASES)

250kV,187MVA ExRZE#IATER (BFEMAR t—2FXR) (HIL.FZ)
PEAZEARKH R MEIFZEEZR66KV,10MVA (EBAR#HE) (=)

LTC ANE#EL E =% FZ500kV,1000/3MVA (BIFEEH FEIESS) (E+)
W ZErR AL ERERI=48275kV,300MVA (RR'EH #HESS) (F+)
4RI =4BRZH 88U 777 8IL275kV,150MVA (BRR'EH #HESS) (F+)
80dB BhEEEA T =182 E25275kV,680MVA (B4t EH FEAPS) (HAL)

A= MIVEBFRFHREERMEI
82 RAMavy

SRR T I RIL275kV,200MVA (R E S #HESS) (=)

EIEAHKH XIBFRETEZRT77KV,40MVA (BEAFEE S dLIBSS) (=%)

BE&I) T IRIL500kV,120MVA (7ILEF2) (BL)
$EEEHIEF/500kV,670MVA ZEESS (RRESH #FHiER) (BX)
BARZEE28500kV,855/3MVA (77 ILELF) (B+)

BB A A RTRE 2y YR ZE[E25500kV,500/3MVA (RRE S #FFEEESS) (H3L)

2200kV RAEEHZEEE (=)

1400kV HEXHZEEER (FZ)

1000kV A X FEiFAERFAE LR (=)

UHV #4fi FA BAB 43 B SR 2 E 83500k V,750/3MVA (R REH FHiFEFHSS) (F2)
UHV X ERERFAZE251550/v/ 3kV,6MVA (EHFRIFAEFR Frifk) (L)
525kV,1200/3MVA Z[E 35 (F—XrZU77) (1)

765kV,805/3MVA ZE[E£2F (N*X15) (HIiL.KZ.=%)
=#%B241.5kV,680MVA ZE[E25 (21) (Bt)

UHV $: 438 A B 4B B A28 [F 28500k V, 1500/3MVA (R EREH $1=7ASS) (A3L)
=+AZE28525kV,1200MVA (R REH {8B5E2PS) (HiL)

= %h =58 = AR B R R 25 £ 85220k V,650MVA (AME S #Hi/N&PS) (A3L)
H R EF ARy T ZE[E2566kV,11IMVA (MLIRTRER) (1)

A FN28 A 25 E 4558 A 275kV,450MVA (Fh ERE S FEIESS) (FAES)
A RN2E R Z5 R HI 15038 FA 525k V,300MVA (BIFEE /1 #135SS) (HiL)
H X AR ZE E 266KV, 8MVA (FE =R E @ = mIESS) (Har)

I AEEAEE25275kV,1000MVA (BRALE S #1ESS) (=)

4 FREX T ZE £ 25275k V,300MVA (BAFEE S M FSS) (=%)
FEREAHKH X MEFZEESE77KV,20MVA (RIS H FEEESS) (=%)
70dB BhEBEAR T ZE[E25275kV,300MVA (B4t EH BEJIISS) (H3L)
7 —UIRRAZEEZR126MVA (XX >3 SICARTSA) (RZ)

1150kV X EEERFHA (V5E)

=4H500kV,1260MVA ZE[E 25 (HARERETFHHESE HENPS) (F2)

BRI T NIL765KV,400/3MVA (Fa77 71)H ESKOM) (RZ.81)

HR BB ATy TR ZE[E2566kV,10MVA (EFRE(EEEE) (R2)

HA IR E R4y T HAZE [ E8564.5kV,30MVA (AL/BEEH B=%SS) (=)
BitB765kV,2000/3MVA BEXAZE2R (7 7U4H) (BL)

KERFEHEFESRE

=#H500kV,1200MVA Z[E25 (RHEEH BEHENPS) (HiL)

ARH ZHIFZE 266KV, 10MVA (HEH3@E EMSS) (Bir)
Fry T8 ARXAIRU T 7RIL275kV,200MVA (RREH TIESS) (=%)
H R EIFE RSy T ZE[E2566kV,20MVA (FLIRTHRER) (FAES)

FII/TIIVRFHREREL
T AV BEREEDSHE

2000kV JIAF7U—HERBEZEERS (BBMEBIEEE BER) (F2)

AR RIRZEEES66KV,20MVA (FLIRER) (=)
AN R YAV = AR E23525/147kV,1100MVA (R REH &i2PS) (HiL)
A E&RUT 7 RILA00kV,100MVA (-7 7UH) (=%)

AN —EE ZEAETT R
E#HEEL

FRIRERE 2T E 25187k V,200MVA,43dB (At7BEEH &BFESS) (H3L)
=1 E—4%>2X500kV,1500/3MVA ZE[E 28 (RR'EH HFmESS) (HiL)
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BAXRICH T 28EHRKR

EESBFBEEHKXM

1988

1989 KEBREHXMEIFALTC 52K
EKFEXRT L AR—REA
MEEICLDERIREEDOZE

1990

1991

1992

1993

1994

1995 EEIHZHEFFIRIEC-2200 HIE

1996

1997 | 500kV HTFZEF (REES FHEMSS) FEABRELERTIHES

1998 500kV,250MVA %2#& B E e

1999 EERLILEZM MBS RIT (EXKHBRMRER)
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