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1. 500kV Transformer for Extra High Voltage Power Laboratory.

In a number of foreign countries are in operation extra-high voltage transmission lines. A concrete plan of
500kV transmission is underway even in this conutry. Since the completion of the first extra-high voltage
transformer in Japan in the spring of 1966, Mitsubishi has supplied many products of the kind. TSe photo-
graph shows an example, illustrating a 500 kV single phase 10,000 kVA autotransformer built for use in 500 kV
test transmission at the extra high voltage power laboratory as the first step towerd the ewbodyment of the
extra-high voltage engineering. For interior insulation structure, a key point of extra high voltage units, has
been employed an improved insulation system over the surgeproof construction of the shell type transformer.

2. Type AM scanning monitor.
3. 400kV transformer exported to Mexico.
4.

Sweet home plan.
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Extra High Voltage (400-500 kV) Transformers

Itami Works

Tamotsu MURAKAMI « Ryohei TAMURA - Tomokiyo KAMIYA

Since the development of extra high voltage transformers was started in 1957, Mitsubishi has been striving hard to reach the

goal by incorporating with the study on a type E new insulation assembly.
mers at 400kV for export have been built for the first time in Japan.

been brought to completion with excellent performance for a domestic customer.

The efforts have borne fruit and EHV transfor-
Also a 500kV EHV prototype autotransformer has

Of a number of problems to settle in the

manufacture of EHV products, to meet with severe conditions of electrical strength is an important item to be taken up. Together

with the achievement of economical effects. The shell type construction plays a vital part in successful production.

of appropriate insulation class is no less important.

Selection
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BRI RE A X VIS DS hTn3, 20ELFHE, #
Bt oS B AEERE U, Kb &, BHOBEMREE
@, MEBROTFWELY E.(E,=a- B8+ Uy, B: #E),. HERD
HEREE % DLR (F4b bHBREE E,=DLR « E,), @&

HACHBEEBEY v & THE,
E,
-7

-1 ap - DLR + U,
—y

THD, BT N EESR TRV, TOEMEEL HEER
10kA L) 2 DLR DUYETREDMEIC X » T, BIL #¢& 5 7%
DEHLES LT3, BEEMZIATwIOR 1550k 32 n
i 1675kV th 1y, 14255kV ORESE D H D L LTWE, B
v &, HEEECK T 2 FEROHEREL LT, ZEREo—O
W R TR . RO, BIL 2 FELAND D 2E
%, BME L CHTRREEAIMES NI HE ¢h, £ OER—E
IR R ot L 209 METE > Ty, REMWMARSHIL
OEFTE AN e L, EEED I CIRIEREM O, ¥ A AA
0 BB R DM SRE RN D M EE R 2 E R IC AT, 20% %
%5,

[EC# i Uit A E oL 2.3 E(E IRl * BF A

AN EEHEBROEGHE L LT3, Thab bR EE G
BIL wxits L C—ELb & H CEWBICEE 2 23, (BIL/AC==

410

2.3=165,/2), MR EEEC 2 b iEsEReT s L,
HREE L 0 bEAEEERREES & L L, HBHEC X DB
W oBECDH Y, fhE bR X OMAEIC O~ TRE 2 EA L2
w,

786 FH ) i P A e D T o — A D [ 2R SR
HE g LTaPrhE, ki 500kV }ﬁ%}gv , Unp=525
kV=125x1.2x E(E=350), H/E st ,ﬁ% V4o=2.3E=805
kV, BRI «=08 & TS iR e FL%&“LVﬁ
08, U,=420kV, bbb V, _1m5vf®mmm@5‘cm
RBORBVRIN A & - 72 S ARHARECH 2 2%, FELEROHHH
HALEELTEIDOTHBRY, a DEINDITIE, Thb
B, WHWAIEHMNARAETH DL, CORME I
PR HBREEE Y BT 5 C & THED,

P DN x G R EHGE R i IEC ook 5 T
DN TwDH, 7ayh 7 YIEEEE & o« BIL O % o

TEbh, ez VEPCO o 500kV zrfEsio BIL i 1,300
BEHENTR S,
3.2 By é:nfﬁ%
Bz

KBGO A1y B, EEHO D o % B HiE OB
v AR 7 A fék%ﬂ“fﬁ‘éguﬁzmﬁmﬂi, BEME - K T e
THMTHEMREDH D, CRERELTECLBEEICES. B
A 4—o B RBRELE & o WS oEREICBIE L, & 0tz
ﬁ%%wﬂm%Mﬁtﬁiﬁywm%>%§ﬁa&a

L2 i ifipifiiginic i C OB EIR & A B, ZIERDEH
%m&%ﬁﬁ%ﬁmL@&%%%cfim’ & Bk FEER
ENTRDHEY Lad-> THE v-o S BT 2 igHHc -
WO, BEERRORM v WEFMEE EWV) &, #ige 15
9% & 5T, E=<085x0.85BIL=072BIL ¢ L, ERTFREZRE
HRRoMER L BBROMIERY - DAETERL I LS.
Bk > & 5 Gl » LS EERR OMERRY R 12, BT OB B
I LT FABREE Tk ¥ v, TREEABIHAOHE T &
TrLHELTE), DWCTERHE -2 Cd LChHERH 2 C
LT b, AR v-o M G < SRR ORI
WTREEWRBETI RN,

1B 2 RS O U CREE I B & IREE LA it & .,
BIL OERAED b s &, BRABEE Vo, & REHE E K
BIE U OLSNE 3, ThD BEREIOWHHRTH DHEER
Bl EEOBEDERLAES A, LrdBREERKERLL.
FEEEZOWH 107 2AAMEE 2 0, WP J0r EECOWTIEE X
FEEMIC ARG ER S w3, RO 5 5 HidgE M & sk
BRI L -l sEd: & LT, oo07 38R (Partial Discharge Test)
HEHINTE RO,

AR oor BAAATEE GEMEAD, 207 EEL 207 LA, BT
307 Sp2 REVAE L. 2OFEH-LEEC, WP 207 &l
SIf A OFEE & bR ZOREOTHS, BT A
suk PR E L, BEThEMHEEEICESL 218K 10 Kb
LT L. Bx GEZBEROMERNETCH > T, gk
®ﬁ$ Btaiwcid, MR oor OHIHIAEIERDIEMRTH D,

BRARIOERCZ 2. HGHMOBIEE, MR L iGRmo LI
757%7& ¥, Efiich i s ild ooy OB SRR OB L
NF2 Ao TWn3,

3.3 BAEEEETES

TR & P R TE B SR & OETRIC I I B £
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B, BEEERAZERAEND. BEEEREIEMOL S
IC, HE - E - SR I URENCERTH - FEREDRDL
EEBx EECAET > RETAZER L, bAECEPERE
MG ORRS, 154KV DT ORJEOAH BRI T 5 £5%
FIRZER @BAsEr b TBHELT5 LD bEHRH 1Rk D
ICHEF) DB E, HMEETREEHEN? %f HBE,

B EEREEIRE S L TR EScllET 5 & LT
BHES5 L, ZHE 50cfs 500kV+7.59 /275 kV 600 MVA £
Tl 203 BIHIERS,  1ot—don 1694, AAN(A) fEROEEC
DNTWATERER Gl L) 70%, #ifk89%, kT 68%,
R 69% LB b A ORIFEATH B,

HERZSIRSHT, EEEHRACEE L CRIHINICE L o T b
ST, SRR DI FERR EHGE & Ao T b T & IHET (A
OFESE, RECH o CTHIERL AT ER bARWED,

3.3. 1 BEIBGOHEEEMN

HUBZE RO S TR DM A L & &, IRHERIZS
ot qot—sdon DIEVEIRIC DO RA 2 Tnd &, BA -0 DIF
&l ERMBEIIEC b D, LA o T, TR AZERR

EFIRR A T -CRaE o BIL Wit 2 5 & 5 Wil & h, HEghs
n&@‘”ﬁ DRSO RN HEFIFRER E LT, EEMOMBIIE
T EEER L i bl s,

3.3.2 BETEROTERE

BSGSSERE, (BASEHF I L C\» 5w, BRSO
L5 IcHMiA 207 BF T AL, e ORI A

XN, ELCEELESERNENDL X 5ICh - E M 5307 b
PO L, By e UCHE & N AR 507 Uil

u‘m AT 5 i, A LD LSRR INTVS, #Hix
SENAZSESNC T E v R R 3. 1 oR T

(2) DF R, TBESETESCER S Tn 55 FIEE 3
R & D REDUE - PHESIC 253 BEEHRT T 0T, i
TR b AEFITH D, faliﬁff-@:‘)rﬁ 2w PHREEEREL 5 5F
HEH5, RAEG, HEETFHCEMEROBREEL LT
W, BIRENT OBF R AR ATt KR Y, 2u3 (i
BIC X > T1&M B h DEERLED S /2 0EE 23@%}-’65&7)) i
WZ ki, k2 EEEROMEHIEY v & T L, SHER

H H H H

oy

(a) ' {® @

oH H

7 L
: gf }
I3 géﬂ#
('e_>o 1) (970

3.1 @ EERGEERD au7 PHEGR
Fig. 3.1 Various tap changing methods of E. H. V
anto transformer.

8« A IERR - Ak - [A - 1

ST 5T 203 18 z=yy— (v : BRSO ) © 207 MEEHT
2EH D, FBERAEREECHLT Yl-z cg{tl, B
WD s, R SERE L ThE 0 © 20 BERECADL R
Wk, ¥ASIKCETY L BB E ORELEDTEECH
HhREAEDAETCE L, LMo, COHRITBRG A HIK
WK E <, s FEIER L *J/J\’éln 7ok 24F 500kV/275kV
aEERESERCOWTE A, FEmEs £5% BE%
BREICHERA SN D, (f)kicméfﬁé@m%’ixk@i%‘*f, FREOF]
LT 5T D,

(b)Y B XU ()L, EEMOBEMECH bR, BRE
FOEE L, 297 BIFIEMEEES 20T, LAL 3w
S 91 PRSI b fed, X OREERREHC T ERT D
crAEEETH S, (b) k (c) BHEF DL, (b) OFEEME,

s & 4 B % M ICRGE L ORI LR A 50T, B
IC a3 A1 OERARETEOEROKEWHICEKE LTk <
TR, BEARE LTERLPEY, Ll swI D
bl c E R DT, & I avd HEP S & RS
OB B D, (o) i, ARIERIEHD 207 2w BHICET 5
b, BRI (D) LD KEVR, 297 211 OEHEIHEC
LD 2uS BALHTEDLDOT, 293 BROZABFCHDI
%,

(d) o, EEMOEFESCE L, (b), ()Ll
D% b 5T D%, BHREF LD/ & W EEERRCRTEFPERIC
WD auS ML DEDZHEEHKECRD, L dHsmELE
HIC B B 7c DG L O3 (b), (o) AEECIFE LTS,

Pro(a), (b), (), (d), (f)@igedis e
595, chicsl(e), () REHEIHIFEFHLCo. Ml
P 2 BRI IC R & Y, AR
w4 UCHHEEIE 2 K T & 5 ikE#e s h s 0T, 2O
BIEFERAE GRS T Ed b, BENE 2w DL BE
TE, EORDOEEHEEMLTHRKYICEFNCARSTED
»5,

W 2510, BERAEFHC TR, av3 OFE, (PHEEA
kK& CZA, TORE - BEICHTIRS 5w, k- #L
ERA RO RE GR#RRET, ¥ MBS 503 ©
ZHKIC X o CTEIS NI B b (ot—doun & EOR i 23 K
IRICZEb Y, 203 MFHAAA E W L iiEgE Tk ERES ) Ot
UCHprEs st Lolfts b 2 b 2 b, HxEERREERO 297
P, BERDRCIE® 2 X SHE S AR DAY,

3.4 ZRER ("“E%ﬁ)

W x BRSO SUkR oA T, STRREMNAR - 0T
s A R E X U*é’# S éﬁﬂ%ﬂi}@:()\’ﬁlﬁﬁ EYAREE 2 ¥ R L

TREREND, WELEGORER, HHEEE D> - bidh
WX, BED (u—5ur & BED 1oE—sduz Lk o THEE 5.

AT TR ORI, —RiC Fi SRR IC B TR,
ECESHOW 13 1 b Tn5, ChixTEmm & LRERD
iR T, — SRR AR T I L C RIS ORE S
Bl 3aELsHCk-Thh, cofifiaksd, THEREE
B ONWTHZDBERA E~ORBERLRCH LI TI R,
MLZIERICEAT 5 L HBRARON 13, B> ClEE
mo(EF), SBEE rASOREERARYEL. KEJ(ER
KL DT, HPIKCE R IEARHBEHETH S,

WEIERRARMAFE U L, S FE0REK 75% LT o
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SRRMICDRNRD T LR GHCRBREER KD 5 &, —HOREHR
EIh &, TEIRM c—iis s R Lk & &, RS0 BN
W BRI A D, EMIBK T5%, TADLRED yrsauR
X/ X=3 L LT, cOBHEEFREZKDD

EEEANC ISR U e b 300/ (6Zp+5Znr) (p. u.)
IEFEENC IS 2 U e & & 300/ (6Zs+5Zr)  (p. w.)

L Zp, Zs: % GEE), W (EE) FEED 1o8-402
Zny, Zir s FIFHBO XN ENEE, IRFEESR & SUckis
DHD 1oE-4u2
WER Zer>Zir TH D06, BHEERCEH TR L L X,
ZOMAME R 60/Zrp(p. w) THB. Fe & L W HAH 300 MVA
500 kV/275 KV 50 ¢fs, AuE—-duz 109 DI« &S ELERD Z,p
=206 L4 5k, W BHRRO—HHIRI O IFEA R IE 60/20=3
(p- w), FAabb 300x3=900 MVA (=24 2,700 MVA) i A b,
REC OEHRARETEE LTI v, 20 IR R
BRI, HOAROM LS, HSMVABESRITIEEL
5,

b b DA ZIREROEE R, ARRECHIVE B EFAR
ICTEERAN L & X b IC SRR TGRS L, chasiikao
B, ZWF e URHR O RS L OMifT, 5wk =
FBAERIC LCIEF vrotw % 5 AT HENARTH 3.

Z, REEMBIEIBETREED A, LIE-OREE L,
ZUERIC DV T 4—o73v-A CIREIETE 348, REER L
FHRECH D00, BEICE > THRIGEY T4 Y, BE -
g - R DT L L CERR V., SUSENEFT L%
WL, 22kV 258 & b, o+ BWIRROEHK vy iR
ROBRD b, 66~7TkV IC LIF 313 5 2R AT S % 2 b h
3. :

ZUCEMATA t—v ORESZERT IR LD Y, BaE
BT HEERE, BURIERL &0 T, THBID X5 <
BHXRATHWS,

3.5 A2~ REELEHREE

LEHRRD %6 (ol—duz X, BFBOERE - AEIC X - T4(E
BEEL, P BR - Y ER TR EABEO—DOTH B,
—RRIC fot—duz BIRCEENT 2 &, DIERATER - 2 A
iR X U S EREAMAT 0L, 1utf—5u2 ZE L
i, S e o T, HRHRS, SfiinL, RHERS
BAODEHFICD 525, 1ob-duzx EHEDVKELEDE, 2ED
I2b B Z > THKTE, LA T, 400~500kV i@ x&F
ZERRE L ORFIMCHETE B 1uC-duz OfiBH R, T¥inge
FERICD T 15~209% TH b, 220~275kV 1G5 ERE & %
BB A EERETESIC O, BIL, HFECL->TLEDb3
A5, 109 it OBEIKEBR I N5, TEELTERICEVWTE, &
B Aut—doz BB HICHBRRIC X > TEE-TLE 5 25, M
BEER TR ENICEBS AT L A EICRDT 500, —K
ROBEILPHERT 2 ch b, FEHOMBIC K- THH
B - Bl 3,

ke, 90, AR IC OV TREBRD X 5 ICHE8 & EELSIE
MR REIIR O 2o, FHREEHC 25 DICINL T, /i
HMARPREL RS T, BEEERIEZ(BHINE R
b, HEICERZLbhiEh bhv,

Hific AR R ISR - MBI b 4 b TGRSR
EEZ, (BBEERMNIxy) OFRE ATHAR) OHiRgE
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PR ASORBI AR BT A2 A, %6 1ut—duz RTEZT
BRO v BB AT B30T, EHEERE Ly 5, Lt - Tk
B U2 f5Ic kT 5, ColE e LT, % foti-dur %
KEDICT S &b, Wi OV R 3T 2 ¢ & MHUREIE
P A I R B

— R I PR R SRR ] L TR IC A ) AR Th B,
ZOEREHEROSKER TN B thR I bIhE TR T LI
BRI-Chd o e D, BRI F B/ NS RO Z0cER
BT R AR ERHEBCH D PEESRIC o T
AR OTER) & BIE A TEAMBEC S F o b & DI,
ZUCER (RREBR) Ko Th, ZORM - ot-dur Ik o
T, FEREE KB L AT L b vy,

SRR ARG cd b, WS ORECREDLIMHC A L,
R i 2 AR OB B BRI 1 B — R T L CHER &
D ONBHED LD THL, ENOBER L & bR L,
BIBABEICE 2 BER T CH - € Chudifige dBHL, —
HCRELOEL T2 ECHE S,

3.6 EXRFRAEE

R R R E R OB~ DR & LTk, B
RREHER-THY, & CHMTEEE RS EREI N E
2 EELZERY, BLEEE LT, ¥ CNERRA gL ni
HRbkn, L bl e EEESET Omth S, KERNEER-C
Y, SED DA -5 PEETETH 25 b, Wk ko
CEROGIRIE 5T, COEERADY L TTE S AT AFRD
xBTS REHET 2 c ik, MEERENED Y
HLTWEDTHD,

ZERR DMl 5 L ORLGED b, EHlgeE L, X
DGR, 35 USRI O #5 T R D 7o o IR BR A i
BRI 221 ERE L, BAEEEER OB O TS HRERE
MM RS, Ledis THEEET 0T IN e o~ « B
Bk LETREsE A BEEERCS W TEFRM ECKE »,

FREL R O AR EBIEEAZE & PREE S R o TR T % ¢
L L, BfEbAED S00kV @A HELERCOVWT, —ikic
EHN TV 2 H R REA R 9, 500 kV/275 kV BIL 1,675
kV/1,050 kV 50 c/s Mz Fsenss, 350 MVA ¢35 b,
T 147kV (BIL 750 kV) ICWEES 3 =AM a0 B4, 300

.MVA ¢35,

4, ZHEBASEEFRHERORE

400kV 3 X UF 500 kV 18~ BIEL TR RIIAT B ICE - &, 24
FLDE # EEZE RS ORI D THMIC X 1 DIF - TH 7
.

() #@AxEEEESRRE (CBER)

IEF334E 4 A 400 KV &« BFEECIERRER V8 1T 58 ¢, M4 1TOMVA BIL
1,500kV.

RIERT, REMRBE IR, T < BUEIRS: & 9¢t, #hg

TR,

BHI344412 7

WEIE L 4 WAERMAKRICIIERR 2 RAD,
BT 36 4 — B & N A TE AR & S

BM3744ET7 A HEERTLY vy~ T Ale b REE IR,
WFI384E 9 42 [EIREEEIRE T S,
(2) E BFHFROME
WIS 4 A FIEROTRICHE, 70 B 7 4o 4 4 2 1HE LEMER
% 9.

IBFN 35 4E 11 A HPIEED 15 MVA S MEREESR 2 S K—3EiltE
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BEgEh,
BMBEI~61 140 B F A af L2 BHEL, RERE LU= a K8
FI384E 9 H 154 kV 23 MVA BUGZSIEM 2 3 L, #Te X U %
Y.

I 39 4E~ 404 TS X U ISR T T
8%, RIS, RO BB T Y LSRR R Bl
FsoRH LR S.
BRI 4E4 A~ 11 A 2 PTEA  VFESEARZEERR 2 558K, DBIL 1,800
KV SR EHC0,
PRI 3 L USRI R R TSR,
7SMVA #x BIEMIRESERGEN, = w58, By
e, M Ems ¥ oW om0 2
A X Lol 400kV 75 MV A ZEFERE 45— [ise
BBETR W 500 KV 10 MV A 28 ES558/K,

v A ERIEL, ao

W40 4 6 7
40 45 11

W42 4
WA IE S A
LlEED B2 AMRENRBHE B L, ERE - DRT,
KB L CIT A o Z2JEBEDIE, 7 & AR v2ab-vay -
FRE W EME c IV LR ER EDIHE E TR T DL L, &
5TCWEREIC D C whv, WI%EERMA D biligi L, &Z&V)J)LW
(- VEERL, B LU SZHHORHEIRA L CAHEH - KT ©

5. EERAGBEEESROEYE

BRI IERR b N ETE R e T 2 it Dl ~ gz

[ES DB, WETBEEERRD* 2 b CHEHEIC X b 545
END. NEYTBLEERO m i &R ARRHRIC O W TR MO
L EEZ, TOFLWTNTEMT 225, REOGLED il
BRI 2EEE a*)r)é L,

(1) ANSIBEHERROBERI, WAL Lich>T oM kb
DM D\ 21 T PFBOS R L TR Ch TR D,
MBI IC ot 2 SR 1 b B <, SENHE TR D v, IE
mmwm&z%bW%émﬁaﬂwmm%ﬁkfééeﬁ il
AT, B R UHEREHOFR D K E v,

(2) iﬁi%kiii“”a‘péwi I F AT 2 R T B D,
% DI « Bl <, ElEssciET 3,

(3) EPEIESBMICHEREEND b, BEEPAS, A
Sehic xR, BERROFSHECY BERU L CRAT OB B K
v, ¥ SERSTE R O R T I EEOEIn LT (T E,
A3 B ERNEL HH X, BRI X 28
W) - BLEHE) T UekHIE L3,

1ML OEIREFIEREEHICTE 20T, a1, FEDAIEFIBR
XY YWE LOEEER L b AR5 e AR, KEMEHEL bR,
KON a1y M TRT LCnah b, HEOHHY

LEMEET 28R <, 21 DERRIRSTH D,

(1) EHMBO a1y »EFHRBEEICHE L, s
~CETFF b bR T b h, SoBr»ohn,
oA=L b EEED guo ik Y, Wi UCEN
FiE L, BIEE a1 ORHRARESETH B,

(5) RITBWIE, HM—goMELDL, Lad & H AT
GR), #Hf R r REBES RV, BARTZEM RGOS cH Y,
fuy CEAZMO NS, BEORE, KA IELE &
suo BRI KD, ETAMICRBES D suo KXY, g - B
&b Bt R 2BV v BERE ZH—KFEIC R - T
T, FEICERE T 3 Ank

% EOEEERABBICHEAME LA T2

B~ EEEERR « ALk - A - e

(fot—du2 * T

5.1 BraFngmEEREoBEE

400~500kV EEOFHEIC H 7 b, EIEROHIHRRAA &
%¥%&%$ﬁ©~oméﬁé&%ca%ﬁ&k.%ﬂeLfﬂ,
2 B2 M TR e ARG I YRR A TR D, HEIE >
H—b DA b :‘c\%’z&fﬁ@”&fﬁ%, COMECHIRIEL S 5,

WEETE Hx—b 2w b NEEERE, BRSNS L, #WELC
k, FAcRbfE s oVET AL BT EYN B RICZE L THRET
EBHFALHE L. WRCHEEOWRCEELeT ., BTk
SRR R IRRERR ST L C— R IC B & b b <P EEDMlF9AR F UL
<&é#6 FYORBIRE v o i icT 2P 2k Tl LA

BNCERET & B EIBEEMS, BRI B OINKICE &
5T 5. BxETLERTHEBEAZIRD 29P302 D5
b2 CERHE R, ST 2 BRI R O X
WEKFHC D W T, BHEERD Wik B REE Avo )KL T
Mﬂiiﬂﬁﬁﬂ*?ﬂ HEr HAL TR\, 5k, (E % AR cE
WEc i, R ouPsuz ZKE C &Y, Bk oRs ) = 40 «
TR __L?»U)f/ﬁﬂ 3Ez bILE, XHICER, SRR R
DUFREHIBE 2 M X N B WP L, KA ilﬁi"«'xmﬂ“iEﬂ*»
B, FOEFCEES LCHHDIERTE AVE, HEE ox-6
o b BREEROBETIFIH LT, Mghbs X BRI IR
e L sdrikgh—d A e e (OC B LU :lD ), g
WY 2o M b X LGH ar KX - THRECE MG
L, W8 1T 1/2 oo L, ﬂiﬂhfﬁﬁlﬁ%%
gy QIS SPEHED L 3R 27 X Y Fotud L oo ZiEE
B A IB A R WVE L, RO OB R ST T E D
HE» 5 5

5.2 BAEEEEHOERHE

ZHEDTH AR D 5 v Hﬁé?ﬁ%ﬂ:%&é%ﬁ%ﬂcomf
i, ,L%i)z}ﬁ,’j)ﬂj%jjﬂ; SIERRAE g, 187, 220, 275kV #@EEE
WYL R DBl & BT D ) A, xR B
mrlhic L, 2 m’i « A WD B WX S O ERBRMKS R LN,

T SRS R TR O E O IR <, ML T o C e ik
A\,
YR A TR, WA EEREROSRE, B LA EH

5. 1(c) WRd vz BRHIE A I LG, NETBEiE
Bk, b 7 b PESTERICK LTS OFIMEA LTE D D,
B AT 2T L, ARBEE WP DICTNIC Ip S % L
B TR, BN OB EE BRI e ), EARER
LMo B R e AR, T o1 FHER TR D
%, ThbbEGINEHZOES R, IR A BaiiRic
I 0 BT O e % i 2 KRS 2 B, chidde
BEAEICH TS (of—4u2 2 CEBHETRES LAV A Z
FESIC D WT I, M TEREBTE I L ~TE F5r MR o RE RS B 1
BBRC 2 0 A2 o CESABREIPZ b, bR O
2oh b b, HHEMICTET 5 BB SR {, ERITE
B OERATEAR R, SRS Ee BT LERT
%5,

TN DORLEEIEE, COBO “xkya B 400kV HaE
FEZSFERY” WAREE DX, BT Twi2 B I
v,

5.3 EZREIE

WIS RS ATERBE <500, ZIEROLIA
Kk oT, —RITKERO IR L kv, E B
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Z v
2
7 7
/ 2
. /
Z
7
7 7
A L |
7 .
AL A R K ///
500KV FrER
L %
7
7 gin
i
7 i il I O I
= w12 E
é & &t
e 1 Lo ] ]
Z
e o e % v
154Ky X
(b) ZAEBEERD L & PR
500V ol &5
LT Ll
/ 7
7
Z
s
7 .
S = //

275 kV

(c) BEZFEBOL B

E51 % &% & &

Fig. 5.1 Typical winding arrangement.

B b, TOWEFBECERS {, HEERO 1uE-4u2 DB
HERESERLDZENTED, ChBBEHEEBORECH
FlThh, HELEERCEN TSRO, Tabb—k
IRDEE -7 1ot—dua BICst UTEE (o8—4uz &, EFS
FOBELT) - o+ WIARS DRI NZ ZROBHED 1oE-40
2 DIE% S % 7e HEMICEKE © % 3 WL TROBED—D T
5,

5.4 ANEEHREE

NETBEERE, RO X 5K oAby 2035 THTC
ARG L, AR LS DAL TH Y, 2 AKELADL, B
Dz TR T C & TR R <, BT 203 UIHZSE R IC5E
THB. THEMEERTRE 2t DD EAIRES D 207 F
Bh, LiabBEOFdicilld T, 1utt-gduz OZLECTE B 2
DhiTrreicis,

BAAEACIERRE, B biE, HEAC 503 22032 LT, #
SBHEEGRC I ~CTREFEEECBI L Th, WEKR ve1OEA
CED 49— BECOWTY, BT ZXAWLERRHIC K
TH 5.

BT 207 TR, ERVCEREZE LT3 MR ML
FUAE T 207 BHRREIE L, MBI - B0 - =8 - B
JEEH *» 207 AEE b, BB~ BEEEEROLICES Lck
ZEEEL LTI T3,

414

6. SBMEEROFHBZHIR

1B EEZE RS ORAOBOE TH S, FlEkE:
DFE Y AR OIEEERER 5 2 2 & TH - T, W rEEY
[EFRBAR D ENR, RECNICHEEINTELSERE L. b
B 5 ARHICER D REHE—~DEAFHATH 525, cOXDOXH
W OFEFEHFOBNCH 50T, Bt THLER2,
—HME I RO EY BD) SNEROHRICED 2
RIS G o GREERE 5 ~259 Th D, Hic T5~95% ©
RENAERR & IO e H O RRERTH B, NI FEROELE
e A e DEIGICL Y, AENPNE CEEDE VLTSI E
INENEIC KB, WFRI LTS & DR R v iciE T
B bt FIERREL A EEE o Th D, FEROE
e S, BEMEoZECIfET E R e, REMICEE
BICZHICK > THRLEAND, Br@ELEERCHEWTHE, 20
T AL 96 7 151 % DIRWEIC R D . &  ICHERGE O AL
I X B d i sl X g,

6. 1 faBEosEt

Mg P 2K LT, T3 itk T, &HHZAF)IC
B E I, HERET 15~1/10 Bl T,  (SEERE
LT, BARIC Wi 3 EEERAREEROBEL b b L.
T A ZEEESR AR o B R ) & S IBE SR TR
FL, & bICHMEEAE Y SLat-F) %R (barrier) & LCHd
BIDCICE > T T &, HUEHHE (press-board) 3%
FC S M OB - THE LOAFHEEN tH - T, 2T
BRIk T ©% 3 R0 EBEMEICHE - TROEBSICT 3 &, <%
KIFICAEDTEC, BEMOEEXEIRL LN TESL, Thdb
B o1 HEEAE Kralt $6) 1 X > TR X, KR
BREen 3 BR) %, 2V 78 35 -RIBoREY
CINTE e Juaf-F 2#E&HE T, BhED, BHAEHE
TR AR, DWW BRHIE vent B E® T ¥-0 -
1% & & N B HIRTR IR 103 I 2 g 2R Sy i Ve L
THEICE - 7.
BHRUAOEEICEE L TIEHEY TR B nh 58 3 5T, R
BER Sy 2 HERK & [EE, WOEMAILEY oY th s, me
B RAEMOESFER L LT, BEOFBRIRHO 2 hic
HARTEWADICEMIBEOER BN L, 10T OFREFH A
b, WM DIERRAOE IR JL2d-F b -T, ML &b s
>TLES CeHpcEng, HECHZEMEcId 5. L Lif
BE—~HEOLREEE LD Y, FEEEERDE N L TEEN
+ XN, 31 MR R B L oL O FEE R T wE R
HNCEEICE: LT 2 MiCB R Ea nid A b3, Hdgiis s
b @HRGEE e O R CHEAR T2 IHICH 2, L LA
SER L 2D ENENE CEERFEROMIRICK LT, BRO
EFDWn o1y, BOITAD 5 WidEAREE, MR EE 7o LT
BEX kBB wORRCT3ELHD, REOHGSELOHM
ELTED LFonTE A,

C DA 2, BERO LR RN & h, INFEK
BOMMTE AR Y, BHEEMHEMNLT, M8 Suaf-F oF
S BB I 2 AR U, AE00ME 3 BB ER R ©
12 BEICRIRFAETH 5.

6. 2 #FigiRoRE

fEkoiiEE (CHRLHT) &, EEELERIZL 54T

=TS - Vol. 41 + No. 3 - 1967



_TONGFIBEERR ORI, SECDL VBAL T, EiEFEH
Do DEBFEROEC & B BICERD D IFET R BT & 23,
=8 & REBER M ASHAPIBEERICE T, BRbEE
fihe F B HISERC IR O N 2 ET, &< KL)(?%EF'»EE

ORI D 7 » T, T O RRSARERR T K3 2 f—
MOTEE LT, #gibaogiibegiEddr, ¥ riﬁkmlf
LRI OFHEECXRI Ue,

Wi e, B TR OB F AR L CTTEEIC
5 E DAL T, TR, BRI L, ARE
DPOFHREY S, MGOREEHERF L LT L CHMiERR® 5~

EbDTHD. ABSHBEMERFLT 154KV DL_EOMHgER G
i (ER BT K efuFzor T3 C LICIRLZ,

EIpiitg o ¢ LTRFEZHF e MR TED

(1) 58Pk (I‘HIIID Dk

LIz ix EHILTn5 ?;1 hDHE 7u g CE A
AEEINL & L 0)"!‘:;—{ SRER P L, WEEMERM I LT, 4k
FRIICIN TG % keF, 5 & T R I L 2 AR O BT % B
MR Ly ARG O RSB R T fC S B BCR % I 2 Ao MR i
THY, JLVEEOFE, MEREAYE Lz ic X o C, 1B
M O B L 5 22 2l eh D

(2) 207 LA

WBUCHBET 245 HMADT 5o #HEEHR, B 5 »ikiETBHEE
CEWTE, TYEEOAEAR, b f1F 2L, B3 widBs
PPERET &L, BT X 5T 30T LA DREREHK & »
7, E BEiaEm oG v . VEEM R L

TEFA TN TR Z DT, HEFRWIC 307 LAY BE.

(3)  UmRshRERE R oK

HAREEE 2 L LT, Lo b rddifib e na s b, H1
SIEEAIEK L, W - RS R O s R R A R
BILKT B,

(4)  Fd G oplk

FEROBFNE HHE - BT - BiEE BSE—Tdbh
W, 1Hde (KR - M) REOER - SREERCHMITE. LA
o T BRI X b Se0HER - SMER 2T,
BOFP LK CHIBIRL A D,

6. 3 FiEFIRAoRIR— TIFRHioBE

dEEAL -

B~ LS Oftg s X U ESBFRGm ORI, 2
Bige, &b b THEHHic & 2 BREE ) TETREEIC & 2

EHEEL TR =5 ST Bl COHEEMRE O ME ) M5
31 1T X B ARG - o0y U TEREIZERIC X 55
WiaEe - ooy WE) & EoRVERBREMT, £ T2 &b
KLTHEx LR FINZ, DVWICREEST 2T L2, £ ofl]
TVEEGRD 72 DEBBIVEL §A, BEhcRu LoD, TN
s THEBE R TR L, TOVEE - VEZESRHE R OO L & A5BH
BOXETH Y EHECH > %,

R CHA L 2 & 9 1, Mgoaide, ERSgERACLD

i, BYREICET 2T ORE X DERERFET D, oMk
X USRS O SR LR A R D R bR,
T DG - HEREIN T T8 3 X USO8 03k E, 4
R OWESLECH L, ¥EEET LT 2, TEDM
B ICE D0, i;i&i’é‘?iﬂzoﬂ‘xﬂ%}ﬁ% EF5.

AL ORI, T LA EBRTH e b, WERTDOIER
Ftt DRI & 51 &’f‘ {biZHHICKE L, chzfidiciRiEE

B x EIEZEERR « F L - HFT - R

6.1 7z A % oML SL 00 B
Fig. 6.1 Insulation processing and assembling factory in
the air and the humidity conditioned.

® 6.2 Fuadm—~FH NI
Fig. 6.2 Press-board periphery processing machine
(Press-board scarfing machine).

IR R — BB T N L e oEEREE N D,
E i iV o 7o O ISR S e 08, BRefiio o BINE
WHWAZDEHEAT 5.
(1)  Ze@midig sl ar i
BEER ko~ MEF ESHCE DN 2 EFHOINT, BV
1L &R M T AT, W 25~30°C, HENRNER % 30
% IcBEHEIhTED, l6 TiRT X o, M- BEmaED
B XA, XD kv ouf RCIEECEL XS5 LTHD, L
T Suah- R KR, BXU o OEIWEE, JHE X B
BHHLTHONS,
HEROKE X
WH 1,860 m2
e 82m?
2o R O
FWNARE 15000 m3
& 1fKc>% 1,500 m3,
(2) Juzb-F Bk
E Wiz 0B AMREN ©H 5 Suas~F owur (BE 15
~13mm) DL 2°~5 OEMCOHIL, FARZAEzIINT
FHEHB TS, ®6 2cchEiRT.

Tz 49m?

6 [al/h

415



6. 4 E WEitigins

Copltigiing » Bttt it LT, ®6. 3 I UH
6. 4 1R T. WH QIR AABGREK OB 2 6. 5 IRT.
2 2 B o0 B OB P TR MR A 22 L, Wi
LT W AEAWME Y Xk o1 BiF, SEoRT O
B/ 712 200~ B, SRR AN TS 2850 dah F+(0%) &>
AR TH D

aw ECEE Eh, 25 WEHERICH THID Iuat-F 2w
b OXEEE, §if T~ Suan-F RgnTEic Xy, Bl
T NI &, =Y R s-AE TGS TRE, 2
J WAt b BRI s-A N E ., CIBMEEIC R v Bl
B oty s 3% oy ORBICEEL, ERO»HME T
~8 ENT, Feip WICET D o1 FEHEREL S, 2 oo
b FRR D 2T B ~OERE,  BEROMEN ERRO L
TH 5,

311, DR -1 A BN A, 6. 6 KR v-p T
B Qg X DG S L Tw 3) 2%, BYENRD
E OV 1) MOFEERE BT 5. 20 F-30 OFHCKE, 21K
DYPHEE N 2 ICh 7 2350 #4300 BEE L, 2L F+30 &
& B ICHEEM 1% B, a0F 2B E, EROBELEIT 5.

WAEHE Suad=—F vy I PRz MBS L 2 22900 A2
BERIRIC L, 2wt Rbd, BiIC Suat-F g rEck

MM =y #VEY, TR 31 MR L2 PERE O o
Wl SERbeTER, 3 bICENEREERKC Suat-F TEA
c—KiIclEb G, B 6. 7 K EBHHGOMEREZ R T

BERE, o MR BRI &« CIERIC KT R V.

B k% 59k T EREHER oA ASRE T E L D5
&,

(1) [y A TEF4E I OB

—fIT, o) DI 11y KHE L TY A ELOAK BT B
RO &, 21w &L OFEENOB EORFIC kD,
BUEMEA K BIR Y, b KEAZ, COBRBERD LH
BB AR B &, 20T WEEAIRE D, D ICEBRIHEICE S .
Liedio TEERES 22 R Y, BRERERTRE ALY, &
FE a1 DU XPFHIED v—pF % ST, goofMicd -1 E
F @A Ao FHRT CHERERELS LTSS,

(2) EBEFIERICHEEIT I OK & WiliEdt 2z g

B DT CEAFER LT, 210 D AY A ECHRKDTEN
DE E P DA, O ICHN X by 2 BoifgiRE AT
BilE U 2cER D B ik Suafi-F BB L Cabr &, ki
NEF 265y, Jo0¥ FELICL W,

(3) WROEEL
EENET 2 &, BRBEOERFHEAIE TR L
MROLERH LTV BEIE 310 O AU DIEL, ik

115
e AR

a LR

CRAEE
Eiotg I
o v R Fo v A

o~ F B

4 b LR

Ll

6.5 CIg&EELoRAN

MR O Lt

6.3 HuggHI T (CILHGRHEL)
Fig. 6.3 Coils and insulation assembly
(Type C).

6. 4 g 5T (E Jiig i)
Fig. 6.4 Coils and insulation assembly
(Type E).

Fig. 6.5 Comparison between
fundamental insulation
composition of type C
and E.

6.6 # % # W im

Fig. 6.6 Sectional view of static-plate.

416

67 a14poy-—yp il
Fig. 6.7 Shielding wire for coil.

ST - Vol 41 « No. 3+ 1967




M 6.8 7 KB 5
WERCE IR SUaR- F (3BTRS 1) <% 7o L, FIE 21w &
LEE B 15 IR (EES=2) N0 HAES LT
Wk, EE My AHEOERER T X bIEMa T, M

IFig. 6.8 Field mapping.

LR b » TPEHBRRIT L 7 D

400 &V E JEififig % 23 2 Biic L fca*llb‘u‘rll
Eo—F%H 6. 8K,

Eygafiig i 140 B Rl L4z, 35 W IdBAR ORI MIC
293 21w A EREFRO o R R, BTSN, R, ?E
RG22 DWRCH - T, Hffie IO BRI, CIgit
BOBALEDD R,

o A

.t ¥ v
WO EZER Y, SREEECH AR T, L b

KEL, BEITHCREERERTBRAT CLNBEL, TXC
DHUHT & WL RlERm 2 7o, BREHIVEEGT ORI 2 BREE L,
BEROFEEEWTNE, B EHE L TR I NS BERTD
3. cORFECENEoLL, HheTHRETLCHRELCE
TeHiE AR L Ak LT, YH0MD 5T S ZEB A EIE
WETREERRDFHR Y, TCKBAC ¢ RTER,

EHAREEE, BEE - KERLIhar bbb, 2OHEES L
i, SFEMEMICER S, BREAYEDLY, SEHiio—D
DR REE, »20-REH: R Tes, BlEkH0 D 2 ic,
[T LAY DEARAE B hTvw 24, T OEEE
FNEED B BT, BEOEELRICHT - BB Rl EH%D
HE A bnfimef-Thh, xFv1 T 400kV 8 EE
ZTERE, B e LT Mool LS & Pl % st
RS X e,

DAE D 500 LV i8 4 HIEEEOLERD HANCE Y, Ikl

8 x EEEZEEERE A b - T - TS

B LB 2 3 & &, WEER NPT 500kV St 217
B EEL TS %, 207 BBa FHEEICEAT, HD AN
A R R ok, T 2F00 B2 SRR E &
Yic, HrelLTCEoreEbLWiklith Y, chEBCHL
WIREEA IR E D,

Bl E A BT AR XIS Ch bl BRI L O
Yro by DENIERST &, BRICH Db DR - MR BRI E oD
e LG, SEBnEitgoRine e 4 s EIBEHERom -,
W 2 BRSO, T« BN SIE LR DR R C
DWTHEIR L 223, WEDTFEHbUrREicnd c 2R/ 5.

TR BRIC 29 e i R SRR TG 1 T o e B AL B R IR

% & X M
(1) 250kV 1J7()()()kVA AR P 28R T =20 B |
26 %5 % (1 27)
(2) 3751V 72,500 KVA W ligeirigs T=0iioly 28252
(14 29)
(3) f I‘Jb’ﬁmfr PR 0 AR PR R g T =0 ) 29 206

1245 (17 30)
(4) 260,000k VA B =402
B (17 33)

(5) Aﬂhulr SR TR 389545 (13 34)

(6) 312,000 VA B =R a2 LERE T =T 3834 7
(13 34)

(7) 105,000k VA H =ARAG 2RSS T 2008
B (1 34)

(8) 2875kV 120 MVA EZEATNEE 207 Bz T=50
Fi) 332 11% (1 34)

(9) 275KV 260 MVA :z8Fa8d X UHARIR 257 UHRIEZIZE
T T=3 4 354675 (14 36)

(10y 1o R RHIRTT M e s T =34 3635 3 5 (IF 37)

(1) #- zrvuwﬁb 330 KV (@ Tas TG 3843
B (73 39)

(12) J::é:'n_mt}z:rﬁ SRR 845,000 kKVA 2RSS = 7 %
W 8% TE (na 39)

(13)  TEEBAFEME AR

ZELERY =0 #8238

) 832%:9

‘

FZERTT 368 MV A, 353 MVA Z5[E%;

$
=R 39 %Lv 11 I?/ (17 40
(14)  #-2r3UF 2u6> FEEPTHID 400 MVA zE158% TEXRTR

(15 40-12)
(15) 400 KV 7R T (7 837-7)
(16) 500 KV R IC B9 5 DIYEHs (£ 1) FRiF (7 41-9)
(A7) 400 kV @ FEgs sy fEi-k 658 (1 35)
(18) AT GIGLIER (5 14D BRImmA 7-4

(H” 38)
(19) MBS HASRERA STBZEIES & 2#) gk 608
(g 39)

(20) 35 L« WiEkERa i Ak eI ik 793 (0 40)

(21) ABxEEZEIEER F oK 433 (W 41)

(22) 460V FIZSIERE TEG/AT (1 36-11)

(28)  KIpzEIEROBUL & 453E TZ5EEER) 3624105 (3D
(24) BrEEERRCTolERE F=HEk 4% 35

(H” 42)
(29) FIBRASFERE & Vgl Form-Fit 25088 [ =098 30 #1
BOA 128 (13 3D
(26) EIFNEZIEE T2 394855 (IF 40)
417



UDC 621. 314. 22. 027. 8

BEEEAREFHMH 00K T E =

RHFAEF -EKEE - =W EAr -/ (b

500 kV Transformer for High Voltage Power Laboratory
ltami Works  Kunikazu SAKATA - Hidenori SHIMIZU - Yoshikazu MIURA - Shigeru NISHIYAMA

For the study of corroborating a proof in connection with forthcoming 500 kV power transmission, experimental transmission
facilities have come to be set up the Takeyama Laboratory of High Voltage Power Laboratory. Mitsubishi has participated in
the undertaking by supplying principal equipments including the main transformer. In this main transformer new insulation
construction has been taken up developed by Mitsubishi for the purpose of E. H. V. transformer. Though the transformer is
relatively so small a capacity as 10 MVA, it is built as a prototype of large capacity transformers to be used on actual power
systems in future, incorporating every possible point expected to meet with in the design and manufacture. This unit was

introduced to the public as the first machine at 500 kV in June 1966 and installed in September of the same year.
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Fig. 3.1 Connection diagram of 500 kV 10 MV A transformer.
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Fig. 4.1 Winding arrangement of two winding transformer.
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Fig. 4.2 Winding arrangement of auto transformer.
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M 4.5 500kV I0MVA Z5FE 58 N T
Fig. 4.5 Outlines of 500kV 10 MV A transformer.
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B 7.3 5000kVA £ fi i P4 4 25 I 87
Fig. 7.3 5,000 kVA voltage regulating transformer.
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400 kV Transformer for Malpaso Project in Mexico

ftami Works

Hisao KAN « Minoru TAKEUCHI «

Masayoshi HIRAI « Tsuneo TAJIMA

Mitsubishi has built for the first time in Japan 34 units of 400 kV extra high voltage transformers for actual operation on

power systems,

They are all for Malpaso hydroelectric power project of the Comision Federal de Electricidad in Mexico

comprising single phase 75 MVA transformers for the power station, three phase 50 MV A ones for interconnecting the systems,

single phase 75 MVA ones for substations and single phase 75 MVA autotransformers.

They are in shell type form-fit

construction, employing particularly for the insulation of the coils a new insulation system which is provided with effective

filling up of oil impregnated paper having ability of mitigating the electrical field and also high dielectric strength. Thus the
weight of the transformers has been considerably reduced aside from the perfection of insulation,
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Fig. 2.1 Demand and supply of power in the area of
Meéxico city.
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Table. 3.1 Basic insulation level of 400kV transformers.
(B kV)

oB BN R g
# OE H oo I &/ | SRR IE oI ‘Ej:g 2 BIL ggé‘é%
Malpaso p/s WIE 4004/ 3 | 1,425 645 1o 34
B 75 MV A ZER SEE | 15 110 34 — —
Malpaso pls henze 400 1,4215 645 110 34
=4 50 MV A ZREHE fi9:4 15 550 | 280 110 34
| wowF | 1| e0| 20| 70

ety

Minatitian 5= s/s
Puebla 5= s/s WhEE | 115/4/3 4507 185 110 34

B IS MVA ZER e . ”-ﬁo PN I

Temascal 7 s/s TIE | 424/3/3 | 1,425 630 - -

Tescoco s/s T | 248/4/3 |7 900 395 200 70

B 75MV A NRE L4 m’}:‘( 149 110 " — _

* 3.2 400kV ZEEEH Jouud OHBEE
Table. 3.2 Testing voltages of bushings for 400 kV
transformers.

(?ﬁ{i : kVD

; e | GRREG | 1o | EAM
% kiis B WIERS | =70 10 § By
= ! W ,,,EE i o E W E
400 1,550 715 585
Malpaso p/s 115 550 280 230
15 1i0 50 45
400 1,550 810 665
230 1,050 535 445
Minatitlan #5522 s/s % &
115 550 280 230
BT
34.5 200 95 80
15 110 50 45
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Testing Equipments for Extra-high Voltage Large Transformers

Itami Works

Toshiyuki AOKI « Toshiyasu YAMAMOTO « Nobuo MATSUDA

Increase in power demand has inevitably brought about the project of power transmission at extra high voltage.
same time the capacity of single unit with transformers is on the increase year after year.

apparatus to be produced in future must come up to the standard of high reliability.

At the
To cope with the trend electric

Accordingly, testing equipment to

ensure the quality of the products at the final stage is as important as the advanced design and manufacturing technique.

Mitsubishi has newly set up test facilities which are capable of making through investigation on the performances of 1,000

MV A transformers.

against the reliability.

The installations are sure to meet any requirement by purchasers of the apparatus for the guarantee
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2.1 ZE &R A ko (ot-dua B R
Fig. 2.1 Relation between transformer capacity and
test capacity.

£ 2.2 FHEHET L HBTHREERARS XN
NOBF

Table 2.2 Relation of generator capacity with transformer
capacity possible to test and motor output.
G (MVA) 20 2 27.5 30 325 |
T (MVA) 77 960 1,050 1,150 1,250
Wa (kW) 1,000 1,200 1,300 1,400 1,500
M (kW) 6,560 8,140 8,920 9,720 | 10,530

kW) & X UEHEIE (H177 2,900 kW) %8 L EREHEHITIIC
TSR b B LS,
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ERBIEOWB » BEIC & b & W EER O EBRIC x5 5 B
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AT 2 liREERESE O —EE L RT.

ST - Vol. 41 « No. 3. 1967




ey

y,

2.2 4000kV, 600 k] LSRR 3L
Fig. 2.2 4,000kV 600kJ impulse voltage generator.

% 2.3 e KEREEIRCHA W B IIREERE R
Table 2.3 Inpulse voltage generator used for medium
and large capacity transformer.

T el - |

P e o TR B om #
] 4,000 600 8 KEFRPEERG
2 4,000 300 40 K+ AR
3 1,500 75 15 Pagiehy e
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Fig. 2.3 Test circuit for HV line terminal of single
auto transformer.

% 2.4 EEEREED X URBILES

Table 2.4 High frequency generator and testing transformer.

| : i 5 -

2X5 MV A 50/60/180 c/s 180c/s 1 ¢

1 500kV T TR 2,500 kVA M-G
SMVA VR f# Wy 7o s 4
1X3.5 MVA 50/60/180 c/s 180c/s 10

2 350kV T. TR 1,000 kVA M-G
2MVA VR | Wy T s
1x1.56 MV A 50/60/180 ¢/s 500¢c/s 1 ¢

3 500kV T. TR 100 kVA M-G
1MVA VR

% 2.5 BIL 3B E & 2 51 e )
Table 2.5 BIL test voltage vs. capacity of required
electric equipment.

bz kV)
ACHE: 4 v A BB DB — ¥ B
BIL | - ; U
e 1‘JZ‘ 4 ! i 3 M‘t‘»‘ﬂ’- ‘:‘3}; 3 7 B é@ﬂg?”f“‘%
BT B e  SRB LR TG TR RRE T BREREBE e BR IR SEm 2
| ! | (n=0.75) | (n=0.5)
1550 680 1,020 1,550 | 2,320 3,500 | 1,280 1,920 3,840

1,675 | 25001 3,340 1,400 2100 4,200

1675 740 1 1,110

l_
i
|
i

1800 805 1,200 | 1,800 | 2,700 3,600 1,500 | 2,250 4,500
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452

60¢c/s 6.6kV
Si Rect

]

AR TREH 4
20MVAR T IM, DCM# & T¥Si. Rect

N kasvoF-7D0—-F
M — \c/ — DCM T4 THRIC L 0 EER
Rt 7 i 7 Gk

S.Cox» 7

31 ERBE250 v
Fig. 3.1 Main circuit of power supply.

B 3.2 70kV EOER & TEHEA n HE Jwiud
Fig. 3.2 70kV line and wall bushings for transformer
manufacturing factory.

X 3.3 B F-s WICEBE Iz 20 MVA M-G & 4205 Bt
Fig. 3.3 Out door 20 MVA sine-wave generator for
transformer testing.

BEIROMERKD LB TH B,

H h 9,000 kW

5 FE — 6,300V gk 2,100V
G bk —¥%& T0A ¥k 1,950 A
TR ¢ 10 4%

| 47 #% 720 rpm
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Extra High Voltage Bushing for Transformer

Itami Works

Masayoshi HIGASHI - Yoshio INTO - Rysichi MIZUTANI

Katsuhiko SATO - Mitsuhiro KISHIDA

It will not be long before 500 kV power transmission becomes a reality in Japan.

the voltage ratings every possible effort is being exerted to reach the goal by all the electrical manufacturers.

To provide for impeding revolution in

In this connec-

tion Mitsubishi has been striving to develope bushings for use with extra high voltage transformers as one of essential com-

ponent parts of the apparatus.

Those worked out by the Company are of a condenser type, behind which stand 40 years

experience in the successful manufacture of 140,000 sets. It will not be exaggeration to claim that this is the only type to permit

the embodyment of unprecedented scheme.

problems of salt contamination of them.

The article deals with the condenser type bushing, particularly stating about the
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kV i A BIL 1,800 kV DHFBEAD Jwvud %, BEmE D
BHfc L D WBE(ER L, F723~% 500kV BHic 244 C
w3,

Iwvsd REERO—HLTED LR, BROHAOLCH .3
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Fig. 2.1 Construction of Mitsubishi type “OT” and
“OTF” condenser bushings.

SR - Vol. 41 - No. 3 « 1967




B xEEZEFRA Juiud DEBRT BROARDOEBS» b %

(1) 2u5uy B

(2) B B

(3) Eiff o509 %

(4)  H3 B0

(5) TE A1hu

(6) TFHEATH

2.1 ar L4

JuFotdevsd OFRBIE, W0k EOHRMRICSEROER
x5 ALEREFR - BIHRELERSEIE—IC RS X 5T
LC®3,

ERPPEERRO AN IO TEARFET bldRICHH D LT
w3 DTHEIGT .

Z# v deung “OT B O ausoy HDMMEH R 255
FERICHEBRME AR L 2w B IEHR R E A L, PIEIC LS
BE, sFL CX3WBEBRA ST S LI LT, RloMEICER
FHEmRE LCD Pz B ZFEOHEBRICESALTRS, ik
DEEICE Too FRIC L ZHTORMEFZ 2 bic—IC T 5
e, 2. 21CRT XS ¥ EED 55 (aF-L5—7) ZEA
LTw3, O 5-F OB Svoud AP ICHskT 2 5%
BIECH L TRYHROD 2T HEE LT 5.

TD 3Ty i, 257 F T B FoRIE CEZBINEE I X
h e ATARIE TR\, 22K 0, BE L igal J1S-
C-2320 153y =z« MEGRLCBEI NS, C0kn
wivd DEMTH D5 tand Ofid/hE &, WEEHEERET R
Tw3,

LR BIFR & U CHSHESE R, EiA R X AR
BFLUWELYZER, BRIk W3k 28k —EMEUTICE S
LORLTHEELFAHEZBIZLTRE,

Jwvvd WICHRE T 2184, Jostot MBS ORE I, b

B o N
' SRy TBIOE &
F~-7 /
H
'
- iy Iy Fry

|

2.2 ausFul EORE
Fig. 2.2 Construction of
condenser section.
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Fig. 2.3 Oil convection in
the bushing.
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3 EES5RE, TORBEELTE > T EHEFEDOHE RFERIC
BERLNbDLES, BRI M2 2w icld, B
FWELIC & WA b LIFEE L AMRABE I Trs, ¢
DiEREBECT I OREIREHONECRECAL LES. &
K F TSRS ST B RERIHT OFBHERE S ORIEE® &
=4 1ICRT

Jwpvd OTFIRETOR D R A FEOPERIEFICEL 3 »
Lne B3, —RBEFAbR T aiHREROFEE LTH,
ROFEREZL BLNTVD,

8 x EEEESER Juuys © BIL 1,300~2,050 kV ofEie 50 (1) BHEEEErE Lk S1o 25,
~NERES L RT, (2) BEkEEgct Y 10 2085 5.
£33l BrEEFEEZA vy v IBEBENETE
Table 3.1 Outline dimensions of standard EHV bushings for transformer.
P < [«
i OB M| g & ’“‘“ b *
BRES € E E M . . Lo #io—aplB CT wmmm| -y
&y | & BILBE | FBE 710> 0 "miyy, v BRE -
& kV) (A) L Ly L» LS 3 a | B D FIN 3 ] =1
c | z v
1 BG-37550 330 800 | 1.300 | 5243 | 3,685 | 1,558 625 800 400 419 380 250
2 BG-37551 330 | 1,200 | 1,300 | 5,243 | 3,685 | 1558 625 800 400 419 380 250
3 BG-38050 440 800 | 1,550 | 6,528 | 4,650 | 1,878 705 | 1,000 400 489 400 300
4 BG-38051 440 | 1,200 | 1,550 | 6,528 | 4,650 | 1,878 705 | 1,000 400 489 400 300
5 BG-38550 550 800 | 1,800 | 7,428 | 5,350 | 2,078 760 | 1,200 400 623 450 320
6 BG-38551 550 | 1,200 | 1,800 | 7,428 | 5,350 | 2,078 760 | 1,200 400 623 450 320
7 BG-39050 (750) 800 | 2,050 | 8,553 | 6,275 | 2,278 810 | 1,400 400 765 500 350
~3
8 BG-39051 (750) | 1,200 | 2,050 | 8,553 | 6275 | 2,278 810 | 1,400 400 765 500 350
e T
LB o ] 5 v o = I N , e =
E!sé n‘q 5 - A A A G B - £ BB F |rmuy QoA A v TR
== S B RE B bt b I VB | g Wi#L A % E W
D¢ L IOME ks S [ B2 X v ) | W ox 4 | THHE
\ & EEXAK [P o B H #® M ® ! oD | oy s 0 &2
\‘ I., E F m g =3 M)
il
'* 4 ! 1 BG-37550 3/4x16 730 690 630 | 50—12 60 120 2.800 6,980 419
iy =
;‘ A 2 BG-37551 3/4%16 730 690 630 | 50—12 60 120 2,800 6.980 419
xp E—
! 3 BG-38050 3/4x16 730 690 630 | 50—12 60 150 3,500 8,780 498
4 BG-38051 3/4%16 730 690 690 | 50—12 60 150 3,500 8,780 498
o 5 BG-38550 %16 790 750 690 | 75—12 60 150 4,100 10,170 555
AXWIR S
6 BG-38551 1X16 790 750 690 | 75—12 60 150 4,100 10,170 555
7 BG-39050 1%20 900 860 810 | 75—12 60 150 4,800 12,060 605
8 BG-39051 1%20 900 860 810 | 75—12 60 150 4,800 12,060 605
¥ OMMIET T mm
# B.CT#H¥v b B =it 400 Blotic 600, 800 D3 D% 55
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Table. 4.1 Approximate values of coutaminated sections
of power station and substation,
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Iwvvd WHEAT S f10 EOFEEHREERFERL ESE
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Fig. 4.1 Mean-diamater-leakage-path distances
per kV of insulator,
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Fig. 4.2 Contamination resistant characteristics of 8 m
insulator.
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Fig. 6.1 550 kV Bushing for
salt-contamination.

Fig. 5.1 400kV Bushing for
salt-contamination.
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Early Detection of Incipient Faults in Transformers by Gas Analysis

ltami Works

Manjiro SHIRAI - Toshitsugu ISHII

As a means to detect incipient faults in transformers early to prevent accidents from occurring, application of gas analysis

has been approved effective both at home and abroad.

deteriorate insulating materials in the environment of the spots.

analysis of them can be used to help detect the faults and also enable the causes of the troubles to be surmised.

analysis involves two processes.

When faults occur in transformers, partial heating is produced to

Then combustible gases or CO, gas is generated so that

The gas

One is to work on the gases in the space assigned for them, while the other is to investigate

the gases resolved in the oil. Such a gas as hydrogen with small solubility comes out easily to the space, whereas hydrocarbon

having a large molecular weight is resolved into the oil greatly.

The phenomena give clue to the investigation.

Lo & » 2

FER O N HEER O A B R T s &, Tch
PHCTE L 2 BFOFHEFEINT EDO THEEAZ LEWS
HTHE, FABIERIHEEEIC - o e S BRI HEE
DI, FDFERE o K BTROI B L WIGEHED 55, B
B e b A B CIE A R LNIEE S, Ml
BCHBEOREE AL, FERORG, TIEMOWRICHT S
TEREDDTRE N,

ZIFSAR T EMICRR T2 Flk b 2E 1 bh 23, —
BHC IR DS 1 T O BT O JRi TSR e, Chiciis s
Mg a S X2, Mo RS E—RICHBISICHES 4
2 BFEL, CO 2 BHUEHICHEIT 55, 7o & 7o THlIH
oMM NG, chbD 2 BN TSRO
DOREFFWNCHRECE 3L D Th L, Sz ORED LD
FR% 48+ 2 c L dAfecd b, WipcHElAlEL 5T &
BIFCcE 5,

BB CLESRAY ORI 2 S EIGH L 20R, I
WOty BRI T ok A2 2O LD HBE D) THD,
iC X b ERoMfigil~ OMRETESREC L Vi Es LT )
b, ZEFERRRICSR 23 C & % Suoty BERERIC A2 Pk
¥R EREDHLCEPBRACEEN, A2FTIC LY Juohny 425
H2 FICAEZ OWDELF B2 BIFAET 20 E 5 ERT 2 C
EM—ICTTRDI B X S ko, & ORIRM OB LD
1Y 280 TR O G AR T~ OB ERKE 0T
MOUEIR A2 Do HT b EEROMERACH-oN KSR D,
TR X Y AEFBEHCER I HD 2, 3Kt EEbhw,

ZEERRORSPEIIC #2 SPTRIEH 33 © & HECROFEE I D
Bbh, RIEKECZOHLAL. BEHOBRHSEIBE LR TA
CHEFEARICHE DN TV A H 5. bAE R KR
LR £ OB BI T 2 M 2 R EINEE > T D, Lo
L, 2 S8R SEHRIC S < OgEERORSHCEA L Th 5 & [l
A%, BURHEE FICRAES QLIRS LETH
2T ERMALATHD, —HERICHR S T3 LEEROHIR
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DAEFTREESE & 2 Y, BIED L5 L &b e i AsicE
T, WIERE A D & X ORI R ERB AR R D,
Z OFHEOMRTEREORICERL TL 3. 7—o ORI RN
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! 2. 10 140°C, 64 BERIINZAE DM 2. x 10~4cc/1 g oil)
Table 2.1 Gas resolved in oil after heated for 64 hrs. at

R 2. 49 FIERREBEROME & Rk N2 OB

Table 2.4 Kind of abnormal phenomena of transformer

140°C. and composition of generated gas.
® P o i@ # il 9’5 it al ki BLGe O FRER & 4o 2 o #Hl W
AR EY B Y R A W L AERLUT €5y Bk

SO 998 1 1,004 972 983 Mmoo 7 — 2o Tmety, Fully, =k, IL}WV@I&.
magmi | @ % 399 05 400 a IRBHEARA E o 72 IFHE L 2 dn, JEHEICDT

BEzIT 2 0 I 5 0 12 PAAFEE.

z % 1194 f 1209 1178 1187 LoABRIUA 2 v HBER. T eF vy iE,
WAL BOo® 0 | 6 4 3 Hot-spot 3 % w»it i 2. xFLvERL GBRTLLAEY ~ E v B

i
I 0 ‘ . o 5 DD E BEERD IR Ly =5 vy ORI L LTIERT 5.

ﬁ 2. 2 230~~600° CJxxJn'{
1 goil)

I X B AR R 52 (X 107Tee/

Table 2.2 Decomposed gas of insulation oil due to partial
heating at 230~600°C.

H A DS 230°C | 300°C 400°C | 500°C 600°C f
#* % — - - 152 | 320 |
A oy v — — 0.42 4258 | 58.48 |
z 4 v - - - 045 | 2601 |
zF Ly — - — 0.17 32.47 |
Sty — - 0.42 1.8 | 2.08 |
4y Fxy - - 0.5 a2 | 697 |
B o = 0.17 0.22 2.19 0.67 l 0.28 E
® o i — — - | 096 | 225 |

R 2.3% 75 It X 3ilk X VKRS O 57 $2 (Vol. %)
Table 2.3 Decomposed gas of oil and solid insulating
material due to arcing.

H A O [ SRR TR~ F e | 72~ B e
7K ® 57~74 41~53 A} ~54
TEF LY 14~24 14~-21 4~11
Aoz v 0~3 1~10 2~9
rF Ly 0~1 1~1 0~-3
IR 0~1 13~24 24~35
W = 0~3 1~2 0~2
[ivd = 1~3 2~-3 1~3
i B 2~12 4~7 2~6

BB L e ABHC 1 ~ 2 BRI T L, 10 R0z 1z
DOFHETH B, 300°C LUF DIRE TR #2 B D 2 B
HEhTnZngs, 400°C Y kick 2 & 18y, 19y, TFL B L
UAREEDOBSR H2 BT T w5,
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Juafi-f DEEI, Fuak-1 RO PICEKL, 20
EECHEREFE TS0V, 2A OFEFRFHLT, GOFH 7—
o RFEIE L EZDOHPHECTH L. WD 2 BHHHO SLafi-f
FLURICOWTH BER CERE S,

Dz - BIED A IC BRI D 22— < BLaTLFEE G
DT, St~ F OBE & ERERBECER L. Suad-F o
BEIC 60 B2 o s, T DI b EME AT I e
82 KR LRI,

2 3OMRERD LMD RN L AW ITlE, KIS 2
KFEE 7EFLY TH D, FLad-F B LU o~ WG R L
BICbKRFEL resLy BEEN TV 20, Bwic g —E s
KESRICEEN TS T 2 b, WD ROMHRL 2255 & K3
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ICHRAE,
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TEBH., EbhiC Juak-F OBFICEMZE TR L 2 Be kb~
T resby DEBFEEL ThAvE, 2oL BB ESICHE 7
tFLy DR LT, —EHERBEORRLLT NS,

PR d Mo w2 0n» 2 & cHib s e hgsy
TH 525 J. P. Vora, L. C. Aicher® (330252 L @ U

Bl bVE - e ZBIEI & 2 B2 B BE Lahohc @i L, AT
MICEEBRELIED, ZOBRETS 2 2L £2 4107
TERE B, 220, 130, S0 CRBDR AR LU 7t
Ly BAEWB LS LASWEEFICE, i T r-y BEC > T3,
IFby BERICHIHENTALE, HOLKD 5 Wik EEH 50
WA X DI I RT3, AR A THRALAR I SR
SN, bo b b EU LWL DH D, s #8mnd 3
WEFENELERCL TN S,

3. HRoOHBFYL S

ZEERDO RS L T & 5 20 WIPORM cHliz 2ici’k, K
D AR BT L b—TF L v & SEER D 5. BE—RICH
WO TWE DI 24— HID 2 R43HTT 5 058 & #uig i o
CHEMRL TS 2 20T 5 hcb 5. MUHEHRICK - T
L7e A2 3 o T, 3ufd—a PO 2 L ilFER $2 &<l z
DEZEAE L2 LLEAD, chid 52 OFRREIC X - THEM
(S B MHEIHER R 5 70 € B 5. P. S. Pugh, H. H.
Wagner™ [ZHFR 152 OfafZilic s 2 SIFAEMREIC B L <%
3.1 OEEREHIE LT D

KR e

I35 fUFEIRIE R WE U3 L]

= 3.1 #H A2 OIS B FAE (Vol. %
Table 3.1 Saturation solubility (Vol. 9) of various gases
in insulation oil.

HAOHE | MW | A AR | fa R
* il 7 7 oz v 2,000 £, |-
~ BE Ak R 3K ? A 2,000 B 1
A z v 30 2 S P 2,000 LI+
E v 280 < v oxov 2,000 LI I
xoF oL v 280 w® B 8.6
Tk oLy 400 7oy 15
Su Ly 1,200 fiid 2 16
- B 1,900 Bowm o o= 120
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£ 3.2 20MVA yro L PSR A2 35 & U L A2
(Vol. 9)
Table 3.2 Dissolved gas in the oil of 20 MVA reactor and
gas on the oil surface.

A @ Bl i i FiH ST P 3
* ES 0.78 i 19.50
iz # 6.36 0.38
= E 16.60 23.40
— R b R % - 0.59
Ed # v 32.48 46.41
H#®OR o = 0.30 0.17
LS v 7.50 1.49
T oom N v 0.99 0.37
4 Y 7 x v —_ —
T ok P v 0.20 trace
L R T 29.80 6.84
Ik 7 x v - -
2 T R P -— 0.85
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K & A—RLRED X 5 ik T 2 EMIEOA S v B2 13,
KESHE ECHTLE v, 180 % 1300 O X 3 REMEOK
e A2 IR A2 PRI T T e nibi b,

DEFCHEBOMRT L ABE»BE, EHbhaATintey
e S T ECHBR, BIHE 7D Tl b ICL RN 2
D B2 L E>THREL T 5. Bplcils DI Em 2 %%
BLLTWE,

AR D Sz BRET 5 5E 1, AR OTRME: 12 HiE
ZEBER SN, BBCED 2 REFEHE Y 205 B REY
B RTEERcHD, Li LAk A2 MEZR TR 5
2 DBBERTODCHED L, A2 OEREHMDC LEFTET,
FREE B2 O X 5 BB 2 BllECE bR, X 0§
WS E T BE IR B EEEEICE L BERD S, COY
SEBARIAMECH D, hPESCRTNE Yo3)0d 255

LY, FAREROBPR T 2 BBTFTLE S EALD S,

Wb O B2 2P 2 BEEHND 4o3uus BESTH 3
A, e b DR S S OPTIEERE TR S LERB S, i
WL T 5 Sz Bl ik i < v bliigth oY bk
W, SRS LIS ¥ T RIS 5. Lo LiliElt 52
EDPTT B BB I BRI OB 772 2 5 0T, DY

{LRAET DDA 72 5 2 C B2 DT OFSEE T2 C L BT E S,

L7ed>T, SOEECHELLOHLER I v binc
Bihd 2 LETERD, EbbLh—D0ON kT 558w b
Nhb, ZOZEHCEL TR suti—a BD Az ki 5
250V T E e BEE L wTHD S,

4, A XD HEE

BEHEER D B2 P HTICIZ B RS, B2009 10504, TN A
2 WEes7s ERBEEEH I w3,

BESWERITEE LB L, [T b B H TR
REFRF TN E ML 20D LKIETE LS.

#2o0°F RFCAHRIIKTH D, BEEREODIITE L LT

B2 43HTC & DR OFIFE R - =i - it

i
AT X R

4.2 A Ao BERR
Fig. 4.2 Resolved gas
meter.

4.1 TIRARE A2 SERE &R HIEE
Fig. 4.1 Principle of combustible
gas tester.
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(3) HEAH: LTHPAN 52 ofE#H~5. v 554
ORI HHESTTET R SHC, MOTLkE (AN 52 %
ZRICELTAD L ERB|KERMETT3) 55 WIEHRE 5
BT 5 HEDEL 0B, MPAMR 2 DMK E ST
Brricky, NHRFEOHES L UTOREREECTE S,

5.1 ar#~—shH XN ZRER

COFEE 7Auh CTREDASHN bR TWEHET, 2hic
B 28 b n  ohlEhTwnd, & 2 & P.S. Pugh, H.
H. Wagner®® |3 25~400 MVA O JTHLEERBE R DN
T autR—a H 2 OTFRM: B2 BB ETT AV, 5. 1 cHEmE
N X5 aiERtE, TORILCHTHROEERCONTHH
BEriEr7hwv, £5. 1 OEROMER T TA->Tw5,

£5 1RE->ARERRD L AVWES L, MilEtrh gk L
RONEALAVESE L USIEBRIC X b4 £2 2AEERIC
FLTWw B0, Thl bRMOBEEIC X Y 2 BE&Fh
TV 3 DNETRD 7coIC, B2 RET BT 5 iy i
CH2EFCHLT LTRSS,

bbb 52 % LT THIIBTICEE Lo ik ¢ ofElig 2
I CH > T, Pugh b2 OHURICK L EER 28R B e 2
TVaDEELDOTBEL A DD TH S, ik 52 OFELD
WTH THHETAME 2 &b EENAVEECE, chER
WEROEPES AT EET2 L CAHTHB. e Suab-F
B, REBEL R EOEATICESILLREE 52 2EFDT e

g 5. 1D TMkM: Az Fic X 3 2 EERIRE ORI

Table 5.1 Evaluation of transformer condition according to
combustible gas quantity.

TRk 2 5 (%) Z O Mok B oo &
0~0.5 LS :q®
0.5~1.0 28BSk 1 AT MT L, MROHIE»D.
1.0~5.0 P AR & TR, HIREMS, CEREARA

BT 5T LpEE L,

AT LCHERE 2% b, BHMNTES T C, K

5.0 Bl I
Fiul3 s,

£
{0

oit

NP

O~ OJ~ l‘~ 15~ 2‘*' 25~ 3~
05 1 15 2 25 3 35
THEHAE (%)

B 5. 1 St IS5 & AIANE 52 &
Fig. 5.1 Number of transformer tested vs. combustible
gas quantity.

464
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Filp & OFIC 70 BREL T ik,
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& 5. 209 u4%-a RO Kz DERAHORMR (Vol. )
Table 5.2 Result of mass analysis of gas in conservator.

HoA D | g K&\I}A soTr\r/iv%x 9{5'\/% lsTI\rr'va
2 % v 0.14 0.12 0.69 0.84
x % v 0.06 0.15 0.09
e 0.05 0.02 0.47 0.30
T o T oLV 0.41 0.09 0.01 0.01
7 om sy e - - 0.01
v r €L v — e 0.10 0.09
7 2 v — 0.06 0.04 —
7* 3 4.60 1.36 0.17 0.65
— ik B W — 0.08 — 0.09
i3 % 0.05 8.39 2.01 0.07
Bowm o = 0.22 0.05 0.06 0.33
For 2 v 0.19 0.50 0.10 0.12
=" S 94.34 89.27 96.20 97.40
AL 77 % (&) 5.20 1.79 1.63 2.08
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% 5.3 JHPIEM A2 @ Sas09 b 2R (Vol. %)

Table 5.3 Result of chromato-analysis of resolved gas in oil.

vaomn | Tids | oWih | ok | ooida
7 * 0.43 0.78 118
i % 1.0 6.36 18.08 2.69
% S 86.84 16.60 81.35 93.84
— ff kB - — - -
FO 0.33 32,48 0.13 1.94
B oy = 1.01 0.30 0.44 0.24
= 4‘ v — 7.90 — —
z F v v — 29.80 — 0.11
A4 Y 7T x v 0.02 _ — —
T Fou — 0.20 — —
2 - B — 0.99 — —
E 7 z 0.37 — — —
2" B CR VY — 4.59 — -
b AT A (B3 1.15 76.74 { 0.13 3.23
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Lightning Arresters for 11.4 kV Systems

ltami Works

Masaji OKADA : Nobuo NAGAI - Sydji TADA

Since the year 1959 raising the voltage of distribution line to 6.6 kV delta has been carried into practice on a 15 year

program.

Recent marked increase in power demand has posed problems of voltage drops and power losses on the systems.

As a countermeasures, it has been undertaken to raise the voltage to 11.4LkV wye by making the use of power distribution

apparatus at 6.6 kV delta

In 1965 the number of circuits taken up the rearrangement reach ten-odd figures.

Under the

circumstances, Mitsubishi, for use on distribution lines at 11.4kV wye with neutral impedance grounded system, has developed

type SV-GH AUTOVALVE lightning arresters rated 10kV and 12kV (with nominal discharge current 5,000 A) for the purpose

of effecting the right insulation coordination with the line apparatus.

Those rated 8.4kV have also been added to the

production to meet the new requisite in case of multi-grounded 11.4 kV wye system.
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Table 1.1 Table of various distribution systems.
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Table 2.1 Insulation coordination of JEC arresters.
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Table 2.2 Performance characteristics of autovalve
lightning arresters for 11.4kV system.
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2.1 Type SV-GH 8.4kV autovalve
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Fig. Fig. 2.2
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Type LV-GL 84kV autovalve

lightning arrester.

2.3 SV-GH gz 12kV (10kV)
A= ALD REERE (H B34 A
Fig. 2.3 Type SV-GH 12kV(10kV)

autovalve lightning arrester,
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Table 2.3 Application of Mitsubishi autovalve lightning
arresters and insulation coordination.
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Table 2.4 Application guide of autovalve lightning
arresters for 11.4kV system.
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Fig. 3.3 Outline dimensions of type LV-GL 8.4kV
arrester.
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Fig. 3.4 OQutline dimensions of type SV-GH autovalve
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Fig. 3.5 Maximum sparkover volt-time characteristics.
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Fig. 3.6 Discharge volt-ampere characteristics.

(b) B # ¥ B

® 3.7 SV-GHJp 84kV B OHIBREL 20554
TFig. 3.7 Oscillograms of volt-ampere characteristics of
type SV-GI 8.4kV arrester.

LV-GLJgid JEC-156 o 2,500 A BRI IC X E Ei%

HET00 A CHET T L\ & KA D, Hil<ld SV-GH I
EESX5® 1,200A Ll LoORE CHBA R ER L T3, chix
3. 10 oEssRic d B2 L3, 700 A \E%-CEVFET AR
BN L 2 2T TR <, JERAHEETR T coBMAW L
R p7cwicid, B RRAA R L HENCH—KC RS,
D7 b 1,200 A Ll LOERERTRT o+ WHE N Bt L T
SLERB DT, Bk bDE e EE L THETEN
LTw3,

P kDX 5k SV-CHIg, LV-GL JBEREsRL b BEaRIcH
FABRROAECORKERFERTH S,

3.2. 4 HEMRHE

SV-GH f R R O TSR R BB 400056 % 3. 11
WCoR3 235, 66kA(6x13.5us) 2[@ICHs Tw 3,

* e, HBEEERERHBONE 100056 2 3. 12 KRF
75, 150 A« 2ms » 20 [E#ERICT 2 TH D, w3 b JEC-156 #
W ONFRBGERH 5,000 A WEMOBMECSH LT3,

114V FRHE GRS « WE - K:H: - B

e
i
i
&
5
0
=

KT ATATATAVATATATRTATE

Ve

.
® 3.8 SV-GH P BEEVETHNE 100054
TFig. 3.8 Typical oscillograms of operating duty cycle

tests of SV-GH arrester.

G : 50 MVA g3l
Bb : {(REH o W%

Lo missilisiagss o 7o 4 iR 2,500 A

Tr : HHFZELRS W — 2 5,000 A (7.5:<22 us)
CC : #ILNIER

© 3.9 SV-GH JElis i m s Bl pal g
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Erosion and Transfer Phenomena of silver Group Contacts (Part4)
Sagami Works Yoshio MORITA - Yoshito MASAKI - Mituhiro HARIMA

Investigation has been made on the features of materials and the phenomena of erosion due to 32V DC 50~300 A load
with several kinds of Ag-Ni group contacts. Specimens used are products of the conventional method, products made by a new
sintgring method and those having additional graphite or WC. The new product has a unique structure such that a large Ni
grain has been elongated by rolling. It possesses excellent mechanical and physical properties over the old one. The result
has verified that the erosion and transfer losses are less with the new product and more with the old one. Also the minimum
range of erosion has been proved to exist in the neighborhood of Ag 60~809%. Another finding is that those containing
additional substance erode larger. Ag-Ni group contacts are liable to weld compared to Ag-W ones, but contact resistance are

small and can be workable fully under low loading condition.

CErEL L, BEEHNCAAKIG L % 2, Db BiEhb
Uas L, Bk el i X 2 & BB o7 Zwrn @ﬁﬁﬁﬁ&cy\n
¥ FiC Ag-CdO, Ag-W, Ag-WC i KieonT, ot Ch, PTHICEARE DR EET 2 C & FTHEE bR TR S,
BHOWETnbs, CIO, W, 35k WC ORIIE « ifRIN& - 4 C ORI AR, BN A-h MOk PR
TR £ DIPE G OMIICIE T CRIT- ORISR, B ICX 5 b0 () &, A— 4-h i X 2 5680 (HEL &
RO RBIS & B BNE b 0T L #WELADDO®, v, XLICHEODIc Ag BEU NI RIIL . RRBRDER]
LSREEHEER L AL EFRTEE R T Y Ag-Ni J[EABRRCD ij,Jc LB, Ag %ORAEL DD I, —wTy B O B
T MFBIERR AT L, COMBTL A CLEE K A5 BO R S5om1h ZINIL DO 1R audazub-ift
W ATERITERE (DC 32V 50~300 A) <OREHIE & BsHE — ZEMLADD TR E L, chboEmo Ag %k bURIcits
DR & DBHPEIC DV TRE L, MBS S h v —i #FE 2. LIC5R Ui, SRS O EIBRIE, 8¢, 50 R ORI
R c g, KOKTHIE & L. IR O BRMEHIER R T, & QK EmOB
' © B o owm ERIE T - 7.
LoRERA 35, BAMEOBER DT 5w, (LR - P
2.1 R LURBE - SR - PRETINEE AT L, ¥ &I R NEITEE
ek Ag-Ni FRESMBHT, Ag-W, Ag-WC ik Lic< b - [l e 0 BRI DL 2 T 2 - . & e, THIRERABR
AT, FRSEHERERMEETCH ), OTHIEEEE D Ak b BITCH 1, FiE C s AR ERIA L, Normal BRI & 5
LT ERFHLN T ARD, HHAROBMERPE»,  Ag-Ni EHBER, L UENEERTONE 2T A .
SRERRERIRC L D, IE < P E RE L TREM OS5 2.2 RPOBE
LOFMHEL T EOTH B, WHSEIN TR S 01, 2. 1 icHh 3 BMEsaEy kT 5 &, Ag-Ni &4 A~
Ni20~25 9 SHnECOL 5 THH®, MEWHEAHELL E05b, A~D 045 E LRZOMHHO —or T (K
THAEEL DB NiB~50 (0 Ag-Ni BEAR, ANNTH  Be, BEHT) OBICKE ARSI oRE, A~D IR

L = & A8 &

F 21 e BH o B R Table 2.1 Physical properties of specimens contact.
2 ! £ % (A) (B) ) (D) (E) (N) (G) (T)
o i - 51 Ag-Ni Ag-Ni Ag-Ni Ag-Nj Ag-Ni Ni Ag-Ni-Gr Ag-Ni-WC
[€:)] & G & [42)) G (€3] [€0)]
Ag & #H B % 513 6.8 84.6 85.0 69.0 0 82:16:2 7651185 : 5
% W (erec) | 948 9.81 10.19 - 9.32 — - -
AR (pQ-em) 3.25 2.33 2.08 2.00 3.25 — — - —
# T % (% IACS) 53.0 74.0 82.9 T a0 53.0 - — -

& W | WE % 165~171 129~135 120~125 116~120 94~100 192~193 90.0~95.9 135~136
(Hv 5 kg) { A 98~100 90~94 75~80 67.4~68,8 79~80 7182 | 66.0~67.4 87.5~86.7
3T 71 (kg/mm?) 108.2 85.0 83.2 80.5 49.1 - - —

# W 71 (kg/mm?) 54.7 40.0 40.2 30 185 — — )
m = o om % | ®m o | om B ESAARN I

(Y $t@mHHE)
* BBLEDT (IR BT 475
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wRE e A, B, D <l Ag %ORIKIC & % HIEEHE D 24
AL D LD, C & D Crlig -wyy WMo Xk -
T, A2 HDOHREEERLKICL, BHWREFEILTA
L rHBhrd,. GTH Jso»1t L > THEREL T2
CTEBWLNTHD, T Tl audzson—A1 BORMC K > T
INLHOWE S KRIC LTw 5,

DEF KB OB OIS B E 1 ¢ 0 BB 2 R
2. 2R L. CHoDEREMEN%* Sgr b 2kg 30
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Fig. 2.1 Microstructure of Ag-Ni contact.

20F \
10
5“% vl:‘(-l;;
E M\\ \
L \
w AN N
& 0'5‘\\
"
“ \ §
\
01 —
005 , J N
510 2 67 2 5 16° 2

Ag-Ni () HH Ag 51.3%
Ag-Ni () #3r Ag 84.6%
Ag-Ni (1) ##r Ag 69.0%
Ag~Ni-Gr (37) (82 :16:2)

QEQ»>

5
e lE (g)
B Ag-Ni (3) #E Agéss¥%
D Ag-Ni ($) Hir Ag85.0%
N Ni (k)
T Ag-Ni-WC () (76.5 : 185 : 5)

B2 2 HHEmEL OFEME & EMEDER
Fig. 2.2 Influence of the contact pressure on the contact
resistance of the cleaned surfaces.
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Fig. 2,3 Relation between contact resistance and Ag %
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Fig. 2.4 Arcing duration vs. Ag % in the breaking
operation at 200 A, 32V DC.
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Fig. 3.2 Erosion-loss vs. various currents.
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Fig. 3.3 Contact voltage drop vs. operation number.
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Fig. 3.7 Microstructures of cross-section of the contact
portion.
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(a) (b)
R 2.3 {RFARICH-2ERA (a) & QERA (b)

Fig. 2.3 A magnet and a quadrupole-magnet used for non-
dispersive deflection of a nearly parallel electron
beam in the momentum range up to 320 MeV/c.
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3.2 BDM
Fig. 3.2 Broad range analyzing magnet for reaction-experi-
ments in the momentum range up to 20 MeV/c of

3.4 LDM
Fig. 3.4 Spectrometer for electron scattering experiments in
the momentum range up to 320 MeV/c.
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Fig. 3.3 Measured radial field distributions on the median
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Fig. 5.1 Assembly of solenoids for plasma physics.
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Fgi. 6.1 Set of power supplies to analyzing magnet,
deflecting magnets and focussing quadrupole
magnets.
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Fig. 6.2 Block diagram of a current stabilized power supply
to a magnet.
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Automatic Continuous Recording Equipment for
Magnetic Properties of Silicon Steel Strips

Central Research Laboratory

——(2) Errors Owing to Running Strips——
Hideshi TSUCHIYA « Hiroshi SUZUKI « Masaru OKADA

When automatic continuous recording equipment for magnetic properties of silicon steel strips is in operation, it is evident

that the larger the running speed of strips, the higher the efficiency of the measurement.

However, an error in iron loss

increases with the speed so much that a certain speed limit is inevitably needed.

Experiments have been made to make clear the relation between the running speed and the measuring error. The

following have been concluded when an additional error owing to the running is tolerated plus or minus 2 9.

1. Variation in the thickness of strip is about 2 9 and variation in magnetic properties along the strip is not very large

in the present manufacturing technique. In this case, the iron loss is recorded even if the strip runs at about 50 m/min.

2. When the variations mentioned above are about plus or minus 10 9 and minus 10 9 respectively, they are allowable

limits according to JIS C 2553 and the running speed can be restricted to 35 m/min.
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Fig. 2.1 Block diagram of automatic continuous
recording equipment.
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22 % 9 % @m
Fig. 2.2 Feeding device.

B 2.3 B R
Fig. 2.3 Exterior view of automatic continuous
recording equipment.
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Table 4.1 Iron loss values read out from the result of automatic recording.
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N ; :
\ 2.9 5.6 7.7 1.5 13.8 18 21 25 30 i 37 46
EIER
1 1,406 1,406 1,406 1,406 1,406 1,388 1,388 1,406 1,388 1,406 1,406
2 1,406 1,406 1,406 1,406 1,406 1,406 1,406 1,406 1,406 1,424 1,404
3 1,415 1,406 1,406 1,415 1,424 1,406 1,424 1,406 1,424 1,424 1,424
4 1,424 1,424 1,424 1,424 1,424 1,424 1,424 1,424 1,424 1,424 1,424
5 1,816 1,816 1,816 1,798 1,816 1,833 1,816 1,780 1,744 1,744 1,709
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10 1,406 1,406 1,406 1,406 1,424 1,406 1,424 1,406 1,424 1,424 1,424
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Table 5.1 Deviation of iron with the running speed.
& b3 [¢79] 2.9 m/min
R
5.6 7.7 1.5 13.8 18 21 25 30 37 46 W15/60
0 0 0 0 —1.14 ~1.14 0 —1.14 0 0 1,406
0 0 0 0 0 0 0 0 1.28 0 1,406
0.63 ~0.63 0 0.63 —0.63 0.63 —0.63 0.63 0.63 0.63 1,415
0 0 0 0 0 0 0 0 0 0 1,424
0 0 —0.99 0.94 0 —1.98 1.54 —3.96 ~3.96 —5.90 1,816
6 114 0 0 0 0 1.14 0 —1.14 1.14 —~1.14 1,406
7 1.26 0 0 0 1.26 1.26 0 1.26 0 0 1,424
8 0 0 1.04 1.04 1.04 1.04 0 1.04 213 2.13 1,638
9 0 0 1.28 1.28 1.28 1.28 0 1.28 1.28 0.64 1,406
10 0 0 0 1.28 0 1.28 0 1.28 1.28 1.28 1,406
Wi—Wa.o
1. =l 2
i) R Weo X100(2%4)

2, Wi : EBOEFTHIEICI G 5 HRAM
3. Wao : EfFHE 2.9 m/min kK3 gEEE

492

STy - Vol. 41 « No. 3« 1967







UDC 537. 525. 1

RENEXT X2 zy P ORIFE

B R % B
N RS B R B

Characteristics of A High Power Nitrogen Plasma Jet.

National Aerospace Laboratory

Mitsubishi Electric Corp., Central Research Laboratory

Shigeaki NOMURA
Hirotsugu KOMURA - Toshio ITO

The article deals with characteristics of a bigh power nitrogen plasma jet developed as a heat source for a hyper-sonic

wind tunnel.

The measurement of the the thermal loss has revealed that the high temperature gas with a temperature of 1.1

x10*°K and an enthalpy of 1.4x 10 cal/g can be obtained at the maximum power input of 60kW.

The spectroscopical measurement was made to have directly the absolute values of electron density and temperature as well

as their radial distributions.

It has been clarified, as a result, that the mean gas temperature measured spectroscopically agrees

well with the mean temperature calculated from the energy balance between the thermal input and the thermal loss, that the

temperature distribution is fairly uniform throughout the sectional area of the nozzle except the extreme vicinity of the wall,

and that the electron density is in the order of 10%/cm?.
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Fig. 3.13 Magnetic driving plasma jet.
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Fig. 4.1 Schematic diagram of apparatus.
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Fig. 4.2 Exterior view of a hyper sonic plasma wind
tunnel.
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Fig. 4.3 Nitrogen and argon plasma.
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Fig. 4.4 Current-voltage characteristics.
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Fig. 4.6 Efficiency-input power characteristics.
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Substation Automatic Reclosers.

Hisashi NAGAMACHI - Shigeo NISHINA
Ikuo YAMADA

Substation automatic reclosers have been developed for the purpose of reducing the period of time for interruption of service

and also of decreasing the area of outage. Basic concept of the design consists in the following three points.

one as a result of the growth of protective relays.

end apparatus of full automatic dispatching system.

Detectors have been specially developed with an aim of reduced size.

matic to be used as ON LINE, semi-automatic as monitor and as simulator in testing.

It shall be the

Tt shall abound in flexibility, and it shall be able to assume a role of the

The recloser is of fully static operation except input-output sections.

The operating method involves three types : full auto-

The actual installation was made at

Toyoda Substation of the Chubu Electric Power Co. in Sept, 1965, now being under test by the semi-automatic operation.
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