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Study on the effect of DC voltage in oil-immersed transformer insulation system

Hyojae Jang”, Yong-Han Kim", Bok-Yeol Seok’
Electro—Mechanical Research Institute, Hyundai Heavy Industries,

Abstract - The HVDC transformer which is one of the main
equipments for HVDC(High Voltage Direct Current) electric power
transmission systems is exposed to not only AC voltage but also the
inflowing DC voltage which comes from the DC-AC converter
systems. Therefore, the HVDC transformer insulation system is
required to withstand the electric field stress under AC, DC and DC
polarity reversal conditions. However the electric field distributions
under those conditions are different because the AC electric field and
DC electric field are governed by permittivity and conductivity,
respectively. In this study, the changes of electric potential and
electric field of conventional AC transformer insulation system under
DC polarity reversal test condition were analyzed by FEM(Finite
Element Method). The DC electric field stress was concentrated in
the solid insulators while the AC electric field stress was
concentrated in the mineral oil. In addition, the electric stress under
that condition which is affected by the surface charge accumulation
at the interfaces between insulators was evaluated. The stress in
some parts could be higher than that of AC and DC condition, during
polarity reversal test. The result of this study would be helpful for
the HVDC transformer insulation system design.

.M B

TAY AFHVDC) $AHA AFH(AC) SAu2e H5te],
A0 4 NS AAAA BeAel Sesn An w8 A
ABEAT} san Az F iAo AA7 BAesits 498
M gel AT ge #He wn gtk aeyd o FHALH
Ae FFAL $A8 A2E Aea) AAAE AR ACEAE
e B FANAY el AlgH

>
flo
s
=

"ol HVDC *1 liEél% 7]l

AWMgAY FAow ol
PR :

17] mel ol g A=
U ACHSHRE 17k E A9
19 Agte] I7E A st

o ¥ A @ged

ofyk 3
DC%j"“’l %0‘54‘ = %%‘5}
PAE = AL i7} ARE olskH,
AAAL LR o]o]F J}FAo] =T [1]e] CIGRES|A 1991 %-H
20009714 4 HVDCE Wbl delrm @golAs zAbg
ANnE L}EMP& Al, A agx el ddse] glo] DCHY Fol AH
FYEE F999 Valve Wmdmgoﬂ A Z*OM}IVJ} S A 97) A e
A}—vo] z%u} oAbl 562%Z AAEtn 9o o 4 9t ubghA
olg]dt AEeo folo wWE HAAREE ‘MP A olE g
AAMAE = Ao Wy Foatn F F vk ol AuE
Zo]1z [EC 61378+ DC Wxst Alga DC =ik Ao 8]

Valve Windings
56 2%

Bushings
7.9%

Interal Conn
12.4%

AC Windings|
10%

<8 1> 199114~200914ZF HVDCE Hf7[0flA] iy st
AR 2 2%

Core & Mag. Shields
4.5%

I 90 min

U _
il 90 mun

45 min
<8l 2> IEC 613780] F™E DC SEHH AlY Mgt mid

WAEo] 9o, o % DC =
20 YERAT & Ojjloﬂzﬂ‘_ o] DC =z

2
AAREE ANE FRLLYOR BH3

=
I
e
ox I-
o

2. DCHY 27} Al HARZES M3}

2.1 MAAMf A2 2

£ A4 AC, DC ‘” DC Futd dAzA &
g a7 39 UrE}LH‘“L}. o] Rde wehy] ny
dArzgoln, Al FARGA AN AF A
dAf-Z2HE ddo] o] &FH AT

-
ofo
I
rlr

Transformer Oil

Pressboard ——1 2 Paper

<IE 3> DCHY RN HE HY BHS 950
ABE TY-HLIZ Hotsha B

- 1552 -



2.2 HAIGHA 4Hy

DC FWd 499 2o HEAow Mzt DCAYel Aze:
A5-9 A7 AFE v 2e Maxwel U4 Ohme 3,
aela Az Wk P wE dsigAd oo Agel

710l pe AILE, = F7E&, B AVF, jv AFLE, o
ANAZgolt), o] HAAES & F3E DCAStel ACHS), =+
DC FHrrgte] HAAzglel A7IHAS A99 AAL A BEE
A 4 9ok B AT AE o] A4S #F¢24% (Finite Element
Method)7]8Fe] COMSOL MultiphysicsS Ab&3te] $83kgitt o=
55t DC Fubdo] WASAS A9 Azte Wl wE AYE

ol

tjo

3

deg W Fako] DC Swd AlF stgo] Aoy mdd
Bel AE Axteta of Axkg 17 4] etk del=

QM-S 7IEo2 %EHAE debhslth DC AdAY A7F 2719

a9 4@7B5E AC A} A7F Agel dEvE, dAATE EAfol
AF 5 2kAl B ¥ (capacitive distribution)Z 7FAH DC A& A gte]

il = AR Aol A ¥ a9 4b)FEFE DC BAHE
A7F Aol Yot AAV Zuanes ddA SO nAdAE
8}4

g w3
2o oz AWsold & dnh Zerwe ddg, 494 5o
% 3o 248 §988 AN oo weh A4
2o
o=

of AA™ Asrb &, WA= @] FAT) o
me constant) 54 7HAA HEZ A3 (steady
A dA Agro] &g x ook gttt weba DCH Yol
A7FE AT stdEE FA DC A Addd 2o AAREE
ZHAA HE Aol ofld z7ldle AC AASE AddH A

2
&
&
=8
@
o
N
X
=
N
o

?v — ) 60

|

=

20

|

<8 4> DCSHIM AlE Sote| MeIRE(2I7KHet 100V)
(a) AIEHE 217} =7(£= Tmin)
(b) X Huf SHEM XM (f=90min)
(c) X HHuj A |

o

15 - i 415
—— E-field
1ol —— Applied Voltage 16
s
305 105 &
g S
S 00 400 £
[} o
= >
w
0.5 - -0.5 B
a
Q
1.0 410
15 4-15
1 n 1 n 1 n 1 1 1
0 30 60 90 120 150
Time(min)

a8 5> £ XIFIMe] Alzte] Hjo| ME MAIZ

AAREZE 7IAG7E 9 Aol At & 11

b o] A LAY FA A 10'% ool saHrE &&=
Ao 7 ®WIiE 3l

w8 Fud Fo 4 A% a9 40 %9 F AHYE tE
AL 7MY FEHOR QAUMAStETG o =2 AA#HS

2 EAsgev AARE FdHm FAd el ssdch
B8 @4 DC AGAEAM dAdEe AAw 4" AsEol
A7bASe] FAe] Mglstdtge FA WA Rsta AT
EAo we o= Ax FEFA Hol o]l IHHHH(floating
potential) 2 ZH&3t9]7] wWlEoR Bttt w3 o] 24 Aste ¥
Alzkell mebA wiglstng RG99 Arie AATEE e
"t wEd DC FHbd ASelAMe AAdAE dEAE
Aol e AANY Bk ojyer FAmAdeelA AAHAE
Fsts Aol "asiy a7 5ol o] HAA A HA A
AZHE F2 F 3% HoAg Azl 2 AAWsE yehudi
AZbell kel AAL A7IZE HEeH, Fubdoe]l dojwe H$- AC
AR (=00 DC A3 E(t=90min)¢ ARt o 2 AA¢S
ZHAA B & &

AfH o7 HVDCE Mo/l nAddEd A7tEE dAA e A7
aEe F4 L A A HFEAG A7t Al AAE ndse Aol
T8 Ao dgawEy AAZ 2Y 4b)e A% AAV ngEA &
HETe  zgrrEo UEE FHFHO glew, oo  mg
HAFAAZL old, ZP2nroie] dAdsy 9@ dAE &40 F
HAALI 9lo] & Ao o AE )

=~ 9

3.4 E

B AT E DC A 824 53 o] DCHgte] ¢7tsE
459 wWhy] ddAad AAEANE By fdte fReAWe
o] gate] HAdf-daAdx-zyrrs HoAdxzdd DC FEAYo]
A7ME = -9 Aztel wEle] mE Ao wWaE B B4
Az, AFAY A7t 27 94 X FEHY, ACHY A7t
A$-9 A AAREE FAY, Azl gt wel DCAY 17t
S delde A BE gy wgss & & . =3
Fubdo] WA ASoe HAZE 7t AAW EAEe Az
dlstel FRHoT ApAYRYG =S AYs FEEHI oo uwt
ACH oY DCHtol Q7be ZA$Ru %2 AAEZ JixE R
EAQFE AAS ga9d £ A wEd DCAY fddl 9F
FYRGTIGN Y Ay s YA 7] e E dAA e A Al
71E9 AC A28l A A AFEEE, SR A HAES e
9o AR sk Wyute] ol A AAE] ¥4 2D TA9 Fukd
Al ke e A A W3 nEE 223 Aow wudy, oy
ATdAdE FF jeE, HVDCE By dAdAdAd &84 Aeg

Ro g 7|e}

R

[1] JWG A2/B4-28 Report, “HVDC Transformers Design Review,
Test Procedures, Ageing Evaluation and Reliability in Service”,
No 406, February 2010.

[2] FH. Kreuger, "Industrial High DC Voltage”, Delft University
Press, 1995.

[3] X. Chen, PH.F. Morshuis, J.J. Smit, G. Marquezin, A. Girodet,
"Electrical Properties Calculation of HVDC Bushing”, IEEE
Annual Report CEIDP, pp978-981, 2010

- 1553 -



