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Hitachi 135,000 kVA Three-Phase Transformer with
Contrasurge Shield

By Kiyoshi Shudo
Hitachi Works, Hitachi, Ltd.

Abstract

At Hitachi Works of Hitachi, Ltd. has recently been completed 135,000kVA forced
oil circulated forced air cooled type 3-phase transformer to the order of Kyushu
Power Co. for the service at the Kamishiiba Power Plant. This makes the Japan’s
largest capacity record, ranking high among the world’s largest.

This transformer is to serve on a 240 kV transmission line and has a distinctive
feature of using the contrasurge shield which, developed from prolonged research
works of Hitachi’s engineering staff, assures an appreciable improvement in its

impulse voltage characteristics. The impulse voltage characteristics of a trans-

former 1s determined by its constant expressed by a'=\/ ;{ (where ¢ represents
earth capacity of the winding and K, series capacity). The contrasurge shield
theoretically provides the means of making the value of « minimum by greatly in-
creasing the value of K. Theoretically, the internal voltage vibration of a transformer
develops a broader magnitude as the value of « becomes greater, and this eventually
gives rise to high potential gradient in the windings, resulting in a layer short-
circuit. It follows that by diminishing «, abnormal high potential gradient occur-
ring at the time of impulse voltage application takes a smaller value and enhances
as a result the reliability of the insulation. In virtue of this type of shield «
has been reduced to around 1.5~2, from 10~15 which is considered common without
the shield. This means that the windings produce practically no vibration. In
addition, in spite of its unprecedented effectiveness in core type transformer, the
method of shielding is incredibly simple requiring no more labour than to roll a
thin layer of insulation between turns of the winding.

For reducing the hoisting weight of the crane for installation at site, the core
was made to assume a special construction which allowed the Company to check
the capacity of the cranes used in assembly room at twenty tons. The tank, after
installing at site, was welded at all joints, except in the part of the handhole
parts where the bushings and the radiators are to be fixed. The bushings were
sealded so as to prevent the deterioration of inside oil, and the conservator is

designed in three-chamber type, nitrogen-sealed system. Also, it makes a feature
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of this transformer that it is earthed on the low voltage side using 0.3 #F condenser

for the purpose of decreasing induced voltage which is caused when impulse voltage

is appled on either high or middle voltage side.

mill

(1) #&

B MR &, LHEIEZEE G 240 kV, 185,000
kVA R, ol HAr YT HAr THAC B\ T
L, H MMM TS S

AL I ENC BT B D G SR X B I <K e
T, WESE-2ELIORI LT, HREREOLDTH
= O FEEHL LHEE S LOM 0 E v w241 10.5
kV ¥ X8 115kV i IIERAEEHEr) 140km %
240 kV CREET 5. 240kV fljo rl'*sT_fks.iﬂ-i’@&?ﬂ?ﬁﬂrﬂﬁ
B N HETEAT T 170 SR S hvCu

ZOREGOREC SO TUL, H j:fii%ﬁf]'ﬁir?— BT 5
ﬁ%@%ﬁ@tmﬁﬁE? DIYEREERZ T & D

Hz, HEEE LT, SZEOPFFEC X h5E L

ﬁmﬁﬁﬁﬁﬁmmiéﬁﬁ%F4Hm& 2, FlciiiF

AT RIS X A EIHBRAT O 0 05, kDAL AR
L, #ESEEDOHAE L, DITZ OO E %
FENT D o
AREDOHERL T D@D CTH 5
— K 67,500kVA 115kV 8

Hoksefta 100 5

K 135000kVA 240~230kV A
fsbdi ST 17055

A 76052

= K 67,500kVA 10.5kV A
fdscbse 10

SR 60 REMUEAR Pk

A 260t jirE: 62,000 7

KRR 8.2mXx545m & 8.3m

% # 135000kVA JLite  99.449,

I & 3 & dk
AA A DTGTCER L, ﬁ&i;,‘.‘r.--f_ﬂm'ﬁ;ai, o Lt &
%@%&"@i};%. i fE LA OWTE, BfREC KT 5 1
sl TR 2 F7\ s, mﬁ%%&é;&ﬁ@%é
f&&mm DETCHEE s A2 LiTisubh, EHEZRD
Ko B4 AMEIRGTR ORI LT 5L AT, H
FEORNEBEDIMNEELGOGIHEE, b oXbibik 45
IR RCRT A (G AA IR S L WO T LEE
CIEU~,

X /07 . | /35000 kva
40 | g —

=2 23 ] =

/20 =y e

.‘,ﬁ&? Al ‘ 1 |
—+ R > .i. gy s

. e T
R e —ndy |

190 520 VA 0 1557
i"'{ A
FTIRK K EHIL &BE E X EKX
Fig.1. Capacity Record of Transformér
in Japan

R

"’j'f?ZLv:l 135, OOO]{VA 272 B %

115/240~230/10.5 KV = & 7l B 15 =

Fig.2. 135,000 kVA Transformer
115/240~230/10.5kV Three-Phase
Forced-0Oil, Forced-Air-Cooled

EEE T Hisaa e Bl b Lish o SRR
(S A 1T\, TEIERER FEF N o AR o sef R LU B
7t BT O B ETEALIRT 5 2 L1k, —RIC

oo, BB e



135,000 kVA ] % 2 HE T
= 'i?i—;\ = AR 700 :
/ AN . T
7 AR RN B N
iR f AN NN 1 ! Z !Zl = !,_n S 80 ‘P"fé& BEEROXT BN
/4 8 7 L _ Ssimal"t™)
R 7 o, Ty, 'O N £ sSmha
/) AN AC A Al A 77 7 I W \ >
8 7 AvA 7 Az A = Y £ = 3t st
8 e - s S F=EN 0T B —
Z 1 S s
?\’// wllzllzlZAZ|#] zliZINiZ E}?ﬂjﬁ '72,\
o z % 'fig @/ﬂé‘ 24|12 }7;‘ £) ;@4&\\ \ \gf:
. 7 —— £ & I N
i 2 T T ?\1 Eé 30 AN
AN Al A A |1 & 3 \
7 BAA2222121%.7) € 2 oY
7 e e T \ i N
/| T~
% A AA A7 zZWzI% a- e R N ™
7 %é%%%%%éé%zﬁ ’(wmj;%ﬁ?MMév;%
A £ L *—"\ IEE:EE[]}]D]]% a5
/| ? » — B BRI ( ) (%)
g 7 2l
%%%//%éé % é AN FmEBEEH NE O BBEAMN D M
PRI ) ‘ ‘ o y Fig.4. The Initial Voltage Distribution
I i i filc i iet X along the Winding when the Im-
Fis:.3. Arrangement of Contrasurge Shield pulse Voltage is Applied
E(: b‘h'ﬁ‘fﬁ SN TEH, H: 578 i@ﬁ AT B8\ ~T i)/w/l(f }b{%%f\j?eﬁ)l—ﬂ, %JHJCD?K\ETH u‘x_ 3 4 IT—I_l “1—35'1__3&}) s
M LT e s, S RIZLERRGE OfESL, fiifuc LTahye S THLLBAEES TR T, B L RE D
Kis %Ik w 5% U, il (Contrasurge Shield) &2

AT C O EESRCIGH L,
METARTCHLBP,
K&

= DS BT —Bi R IO WO S&FRE (10 T TF & 1

% o GFREIINmE )

WL 25
BREM A (L%
R LT

O Fg_j rh ?

L3RI L 5, FHEIR = A4 AF&EEIc
Ats DT, Ml & LTI\ B R D
SELRICIY L 7o B
oo 1, 2, 3 DPRTH L 20 2, 18,
19, 20 DFFC L AL LIC e h Eh St S 5

(I ERMA DG

L.

723 2T 1 BLON20 & fEOHEFAKOICIE 20 % — v
SOBED DD D TE IR % HIeBImREA 4 7o+t
PR OHREEIC B\ 1 & 20 o
Wm@&A&%%HW®%@@%KMGT%%®T,E

ﬁ: f”; fCCL ¥y

(R DRI L AR BN XA Ly, R
(Z)
R iE W

(Vo Shield )

---|||l

\%\m

AW
11

M AN
b

XHEBFORC B

Y

FolX G fk 7 A W OB K

Method of Shield

L L L L

Fig.5.

) [—x
sinh rx( ] )
e= . . E
sinh «
e = LR O TR ER (v
E =] ﬂﬂ%ﬂz&ﬁ% &1
I =2
% =S FEFN INkins & D&HE &
a:/é o= b A MR LR
K =548 18.7 5 75
(LR = A4 A o 75)
(5) (¢)
25 B # IR B &
(Partisl Shield) (Contrasurge Shield )
1111 “‘mﬂ%
2 07 =
7 - - 7 A
ol st B e I
8 3 Ay LB Y mmes [ #
] BT O | 5
i = e L B
B +to s ot -
w7 fZf S e
& O B4 -
R 14— B3t =
e 7 =
 BED " 3
‘/_I - ,///‘4| —
AT A X

===} =




A ar GBF @ ® B B ¥ B = EW%?T7%%
([H FA5% ) (P8 & 4)
BEER PEER ELTRR BERR FERIR BEBIR
P 5] §ls-se D A Fls-sme
/30 e ' &
@ /’2!? -'/'-P‘I \ ;\a ff ;
/70 T . o M ==
ﬁm/§§< : N R B e X al oty e W '~\\
b g0 RN e 5% A —\— I’%’%‘(Efﬁ@) i‘é g S r._T .
i it - 1 o] SN A SR ESAR A
= 7 i . & 7 :
S 50 - ==l Y )
; YAl - 'n_\_;\—\ ‘ﬁ 4
30 11 g
® 5y i N T Bl
R e Bl . < = 7f i g B -
S | N 12 A
0 /0 20 30 40 $0 60 70 80 90 0 (T g /0 20 30 40 0 60 70 80 S0 /00
-5 £ iR = (%) ?ﬁ& !@ B RR & %) Iaﬁ?
I ., T
EQ (a) [i’ Eg (4) Iﬁfj
ﬁ}% 1 ? g I ?
Eo  fi g T HE ¥ M
(a) RHBLS fifs
(b) = 4 BT A
Fig.6. Impulse Characteristic
(a) Voltage Distribution along the Winding
(b) Voltage between Coils

o |TEAE T X ONEPENTBIEE O R A e T S
HIBDE T D, CHRERRTIUE B4R L7ebH,

PV UE N Z ﬁ,mWE*ﬁﬁiﬁmmmf%@%
EN b 31 S BAEEE N E 7o D, g b/ 2 Ts
B

& 5 Ko KK C, (a) (M, (b) X

kbR, (o) Rl T, ks LTINS
NI WERR CH S, (b) R b= e i
FREIC X D AR %T@%uz#ﬂLfnt@f% 7/
IR IS B ERREY ¥ L Caek/NETHHETE
% oOHEC LiuE, «=10~15 O DE 1.5~2 Fi
LA LIMEL i ChH D, TORED a & giul
FEANWCEIRE) & W\ TEh
X HIC 2 OSEOEREL, PAPEHNC & SMIUEER & [F
R S HCEEH CE A 2 L Th D, Ml Th N
mﬁﬁhmmﬁéh&mHiﬁwmﬁ%%Ltﬁ,:@
Tﬁi%ﬂiD%E%HmLmMT%%
s HENTER LTI BB U PoA. Abetti

DIEIC X 5@ & O~FERHL 53 1 o B i) B 2
FEosA U LT, sECEERZ 1TV, TOMAEMER L
t{ﬁﬂ&%%wﬁbfwﬁmm%m%mﬁﬁw%ﬁﬁ
3B DC, LTI\ Y TER R FEHBGEER DR
FM OS5 & b,

® 6 (a) BRSO B AR LICH DT
SATREETIZ & A STEARCIE S, F 7o L AT
DIFW LTtz LT b, (b) ka2 vRlEEOEKR

%55 An (HRRIAR) OB GOFBECRLICH D
CETRA T X EAE 10 5503 0N, S 1.8 £
BXFE D, MBI Tt T\ %A OB b
LB OUELN L IR 2R LTS, $1 0

OSAEM LR L NE D TIEM LR R LT W5,

TCIEEER TR D B REE IS 2 B /ML L TRk
Micu, I WA R T, BB H e b

DA CE o, HNEIEEI O Z\WEESRTH & S
% 5 HERETAFLBINCIT D Bie BT, TtA BEF 2 Ic
{HEHTE B, mlRERGRIL, BHFLLARCHHE T
fot < fHHC, BB I B U TR B o T R
to B Th D

(I B T & &
LRI A AR, mE,HE®@w@% JT%
D, EEENLE XA RO RIS H BRI T LT

HEEECERE IS
W X 9 PR EITTH S,
170 B oHuigs LB & T AT MR o h
U 3 B 12, PRI ZFRC S L Tl 3 o fiskisc
L0, At Ui zaimrh o ighic X % fiiHizeib
BHEE T T Th D, EHEAR Chied b Bid7e LT RE
FRiT 1 gk R R (ECEE 2 #b) Ml O #f s b 605 7
Hizdh, BOTUMHBKITS MW TEX5H, & ORGEIAE
s B R ES AR IS ] U T plis A s ST 5,
FloZ Db X o LSO &Rl ks < & EMT

fT%ﬁ%iﬂﬁWAmuédLhF

SR | g



135,000 kVA

(@) BUBVXy T1RR (4) WL X T 1A b

FTK 2 - 77 49 # 2% B & K
(a) HEEa24rdY
(b)) W= rizL

Fig.7. Construction of Tap Changer
(a) With Free Coil
(b) Without Free Coil

IHDTCEME LEDOX o 7Y TR E T LM TE
5o
{EEREE EENNOBESIEO % » 713 5 BEEE LS
AR DOWTIREETH D, TEOAIC B\ Tty
HOMD 3~4 FOBFE WO X » P FicEIS &
LU It THEBEL DTS 2 A s LORE
MPERINT D, TOHEIE?7EH (D) CRTHET
(@) I L& » Z U oA 2 frc i b, Rk
MoK LT B, L LEEOEERCE - THnkH

M & A E

T L3 (b) OFHEN @) X h BiFkiEia T 0Tk
724, HIrSYWERTOEERERORT LA LS E,
LA (@) DF@EDSHHEDS MR & » ZRIEMEBIFT/NE N Z
EMHED LN T HP, ZOEEEDFREHTE L T,
BLAOREMZ FESIC X ) WO igh fThii-ns, (a)
MEO AR5 2 L ARBDLNT-DT, Bz D
FE xR L7z,

AR & U CIIBEESREH & vic, REESOERIX
EFHEBR DO HINT, H5REEL EOFERE LuL2 A
F 7ok L EDMFER A T 573, fEEkRJE R
IS KBTI BIB 2 T2 18R A W E 35 D ¢ 7]
BRI I B Lot sfroC\WbZ &I b,
v & Do) FTEAC BRI T A e A1
FOH IR TV, e 68 TERIKEC LB I T
BT O bDTH D, Z ORETHENINC AL REET
1R Th I s DT D BEIFEE O S4LE U TEH A
KTz DThD,

(IV] & ©» 8 &

HiiRfrOEs, B EEELY /D TS AR S
CCpEFRHCET 2 BT e TE 5, W
DTS HEC Lich 21X, D HERL D751 80t »
B LR A NELE T 503, = OBERABRT B 7o ok
DFRONEENEEH X, B 8 BT /R T & 5 1T Fliikek
O—EFHC Ul S THEHRGEEG 2 TWwW5b, T
B CIESUCHLSL T BRIl O BRIC _LEikgkds X
O Mk o s Uiy Sl ndh e n s, HHbKE ST
DR, FE B 2 LT TR LIk ¥, MsrFe
HCEMOFE G A TEMECRTE L7, Ttk aIE
L DO M =A@ o gD BaZ X b i 5.

% filfsl 2 R—JLN £ I

i o o e :
Lfiz ; A BRI & R B
J,_ | _'fﬁ‘: — _E;EI g -
3 | SIS A
. Q0 J : : | /
= — : -
| foret
| fo o} | e
T 100l | ST |
| Ho: 0] : ' o}
"eter Al e
. Jr?'ﬁé e i /
;@%% [HelelT] /
| 197% . [ TeTef /i
| loléd / ‘ lolol | 7
R N oL /
. ® 0 [ % 9@ /
I B |
8% ZlxEN—AL
F8X g ICn H 3L N
Fig.8. The Method of Core Assembly

S, | R



IT]
<+
3
E2
[h
pis
B
i
i
Qi

s 7T 5

FEEE  wesALY
, —4— N=FUE)

?%zﬂ]g#

L
ﬁﬁum%‘iﬁﬁ——ﬂ ' %
“”7"”’%
—-— 2R DN @ D B B 5 7 £10K 240kV  f r &
#9 X 135000kVA 7 JE % # ¥ K Fig.10. Bushing for 240 kV Side
Fig.9. Construction of 135,000 kVA
Transformer
N p T
" , _ AR | L
IHNLBOIEETBE O/ HEL RS & 2 HIdIu. RE =i — S,
COEC X WA D 2 v — ik 20t TR E T P T EE

" Vr /
C ECR T 4L LLI f‘fxﬁ"‘%l /

EHIE oS OFEEC LD L5 FHRE LTh b, = =

1 r——— 1@ e 4
leEAz| | S B
(V] 49 | 8 & @ s cx= | @

,:j i 7 i_,i_\" T AY K 3 ‘S % -Jf’:gﬂ—_:f@:__-:_ *\-fz.i.] XA A 3

'&ﬂ FAHECH, TN, 1 FHERD, h y r
LB XEETHMAHDOARY v P2 BT HL L EED } %4 XX VXX E 0 ’

. b d . He A
BRILIRA X5 . B CHLN AR - 1S A X h ’ . : 5

_ . P e Vi HAREARHF
< > hes ‘f' ===

AR uFREENBTER L THTTINT NS, O 9355 nt = VoVs sl

THEMAr OB HOEETIET R v F v T 5 A G i EUphE VaVy EBRREIEHADOR

_ g L T 2% VsVe HABHIHFA

o A i : y
NZEDTIIITHRAT b, R 7V7 &1y By Vi 5 RiEEH

SRR % ABABIC 12 WA M S )

~ o o SRY A N 3 o TS VGV Vc f?}%:; 2 s

N 2 AR v 7 TREH L, O TS HIE LS8 D/ N Skl e

. - 2l = = & ¥ ¥ o= = X
HFETAEIEN S, Sl B

Fig.11. Three-Chamber Type Conservator

VL) B = A (2) :y%Hé—ﬂMiﬁﬂ@,ﬁﬁﬁx%Lf%

(1) EBIANAK W LI WERRIC, HFAmmE Ho NEEBCIEESAGEZBUSHAEY B, b

AR TH D, EEHNDOHOH=LLELTES f&ﬂlC@ﬂ@%ﬁK%k,A%kBEkQﬁ@ﬁ%
EENOMIEED LB b, FEiE LT, AF BWOmITIIBERINHEZ AN TE Y, FAPICEER
e ARDOM & H U, HOERIHIC X A5, AED TSR % St %}T Mﬁ@ﬂﬁ RlTAS R e
T X DFE IS, Hb L2 B R ATHE CHA T TH Y, L=

s "} e



135,000 kVA % B & E =

apiaBe g (4) HilglLb 7 —3—2{dHE T HIE
~ HEEBETES T X % X 5 1c 90° JFHEHATTEED L 5 7l

/oY ¥
JEOK Y-
ar e Lz,
3 < (5) &HhEMNLLOMEBEBITEREGR#EH] & LTERE
3 11KV S & RHIIC 0.34F o EEES L 0E
: s BEF L CIRH T B0 2 U BIMEERTF OO

re é ANHEBUSTT TH 5,
= e — i
(A5 A0 (24OKV) JIEKY) (VII] #B 5 =t E&
12K 240kV % # o it 8 R B o MR L 20T L OB cHrbhvic, &R ER
Fig.12. The Method of Insulation Test IZ B\ T E AN BB B 1o, (R O

of 240 kV Windings FEHC X Dbt SI2E ORI & b & B

380KV OEBEEAFHELE LDDHbLITThHBHN, D1

VA== X O IHE B BIEERERTRED L 5 I ElE A PRSI 380k V /3=127kV OB A 4L, =D
FoTh 5, T2 DI D Bt gL O A B CEET LisiTtud e bic
(3) XA 7AmBEHEseehiiAlc, ZHEGRARED W EHERREEIC B Tik it AL 20 EREE (ks
WRENINTEARIH 5 D& B < & 5 WCHE= A1 X ) BifHiT ABREEHE 45KV) CIEETEI G s, RBERD FodIc D
ThHD, HROIFEVDET LDHFHNTE 5. N F 2T bl U ks e b SRR A Bl b &:.::315 WA i

(@) & Bl —48 E a0

. HT M
_//1 ,I’" V
J Y,

s

7 - :
Vg > = -- :
[] a ' T
§ ; i B BRE
] ~ . % O

"MJm-‘*‘wmﬂW{mmmmmgﬁwr Ao AR AR N PRI
&

R=5002 r=/02 C=03uF & ;'3 (& i) e M ¥

() + £ A —HED M

HT MT LT
y = Vv
b
0 4 fz<
7} W \ ¢
u W
71- — - =
7 FeEs
[]
. bl

% 13 X M 8 B OE K R o ¥ W
Fig.13. Wave Forms of Impulse Test

e, B i



B s 3F @ - %z B B % = Bl i 55 7 &
£ 1 F R EREH nE O T8 RE
Table 1. Transferred Voltage of Impulse
k| 1B % BERTHEIEE ¢ v w 0lu v w o0la 4 ¢
= ¢ u a
BE [, ’ gl COBRR) |\ /0 0 0|5z s 35 #|w & 12
- WYY LG
= I TII| C=03uF 0 0 0 0|80 39 % |6 48 4
MR-~ {/ U d
%= p m C=0 AW | o0 o0 100 0| 83 83 83 38|50 G0
_ Voey'le
=R\WVY TR c=0quF 00 100 100 0| 46 48 46 |07 47 07
6/ d a
T E %\V[ | , O KZ| C0 R | a5 60 &0 0|0 0 0 w|w U 2
— = | W W ‘7_‘ i(‘}
R\W= 2L e c=0uF 50 70 67 Ol 0 0 48| 8 9 4
74 ¢ @
RE | % m C=0 BAWR) | /08 /06 108 0\iw w00 w0 Ne| B0 8 80
=@ (W ly v el
= 4 TTI| C=04uF 122 722 7220|700 100 700 1| 09 49 09

Thh, SBRAENDOUERNELDAERZITES ), f
ZAERR T O B X EEEBE T X D7 Lo
HEWINT L EIMERELYEDLREEA S,

BT AR b 2SR i T S, EVNEgY, |l
A BIBRIT KT,

TeBIFRAER L L C, S EERCEEEEmno%;
FOBEEAINOFEEEDORELTT O, BIRILOD
R LTH AN, BEAEERT 0.3 4F OFELEERL
fERO I & SIXFEEMENID & &ix 30%, A EHIEA
DILGEIL80% D EiHFLEELX LU, EEMIOILEREE
150kV #1250 BET 50y 0.3 #F OB
ECEHIT IR TR 6% BXU 9% tich, &E
BELS,

(VIII] #5 =
SRR E D 13,500 kVA B S OBWEICE L, 44
Ik EE D, ESA LcFERE LTUR
(1) oI X 5 E2E EETE O %EE
(i1) #EEEOFEIC X 58 E B O
(iii) FreEFR s 2 BT OBE O ff_LE SO
HEFBHZENTEDS, bz EHoERE

L OB EOREFMETISH LES X 5 /2 D Th
%

Te Ao < HHEERCARIAERO AR L, TRIEN
leEHpER AT 530 T, BAEC L EOHE R b
DThHbH,

SHREBICREED H ONEWEI R AERIZH 503,
HIHONEWER L, ZORRCHETHZ L7l %D
ESRBICE 12 LIt eE 2 T b,

BRODICDLHRZ OBEFEGOTWECH D, ZROFFEY
ot B Ar B8 ERT H L A Edvil B ER — K2k U
Waxat, BYE, SRS ROE % INIHIAD T I
EEOBEZET D,

z £ X B

H ravs 33 597 (FE 26-8)
A4 No. 5 (B2 28-12)

Transformer Models for the

B, AR :
B B
P.A. Abetti:
Determination
A.1.LE.E. Technical Paper 53—132 Feb. 4,
1953
BER:

(1)
(2)
(3)

of Transformer Voltages

Hirapss 33 951 (A2 26-11)

(4)

— B —





