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occurrence of PD (straight lines on log-log coordinate system, according to
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U F(P) = K(S(z)) *

I n $V DQ H[DPSOH )LJ VKRZV WKH EHKDYLR
ZKHQ DW WKPHVWUHVV DPSOLWXEBHFROHWYH
Upa| U, Uni VKRUWHU FRASBUHH®/ MRHQWIFMSR GHVLJQ V'
i $ VLPSOLILHG DSSURDFK WR PRGHO
VXSHUSRVLWLRQ HIIHFW OLQHU ODZ WKD!

terminals, Upkpi = peak-to-peak voltage at the fundamental frequency,
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(fo) and 10 kHz (f) with PD (tests in air) and without PD (tests in oil). The |XQFWLRQ RI WKH Eme WMLD\EO/HKH
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YLJ  Agring function, (1), (2), as a function of time, for two different PRGHO ZLWKRXW WKH IUHTXHQF\ UDWLR

stress magnitudes, S1>S2
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YLJ  Tide evolution of the applied voltage in a HVDC transmission SRZHU PRGHO IRU OLIH ZLWKRXW SROI
cable with polarity reversal (above) and decomposition for ageing rate OLIH ZLWK SRODULW\ LQYHUVLRQ ,W LV QR
calculation based on superposition effect (below) LV TXLWH JRRG IRU SRLQWYV ZLWKRXW YRO
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YLJ  Hperimental results of life tests performed on polymeric cable SURFHVV XQGHU '& DQG $& ILHOG GLY
models, at failure probability 63.2%, with and without voltage polarity DQG VSDFH FKDUJH
inversion (at inversion rate 0.5 and 4h71). The life lines fitting to (6), for (OHFWULF ILHOG GLVWULEXWLRQ
life without polarity inversion, and (14), for life with polarity inversion, are
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RQO\ WR SXOVHV DR G PSHITDVWHHGE-HLY E4 RILPDWHO\ WKH VDPH DV XQGHU $&

LV WKH WRWDO QXPEHU RI SXOVHVNEWR ™ %W@@ WRHHI%HQ}QHFI'SDS/ g&léggog\]u\F

WKDW LQ WKWED BVEWH LD QY& QAH LW IROORZNRZHYHU VLIQLILFDQWO\ GLIIHUHQW SC
WKDW
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6 - . . - ' " ' 3'VLQ '& VWHDG\ VWDWH DQG WUDQVLHC

? ] $V D VWULNLQJ FRQVHTXHQFH RI WKH GLII
ILHOG UHJLPHV WKH 3',9 YDULHV GUDPD
&RQVLGHULQJ IRU H[DPSOHF 0. QOM W QAD K U\
ILHOG JHRPHWU\ LQVXODWLRQ V\VWHP Wt

Electric field [V/m]
w

B R AC 1 '

1 = = =pC (AT=10C) | | 3 ’ 9LV > @

Oo 028 o‘os 0 n‘v 0 0;4 0 0‘36 0 n;s 0 1;4 0 t;v 0 (;u PDIVpe = 2 ybhc + YC(hb)
- ' T hsulitomridims fm] R PDIVac v~ &phe + ec(hy)

YLJ Fid profile in a polymeric cable under AC or DC steady-state, for
the same maximum voltage and insulation thickness. 50 kV polymeric ZLWHK, DQGr WKH SHUPLWWLYLW\ D Q,G FRQG
DQG FDYLW\ JHQHUDOO\ ILOOH@GxZkhWK DL

cable, 17 mm insulation thickness and a temperature gradient, AT, under
DC of 10°C. Relative permittivity 2.3, yp = 1.710719 Sm™1 (conductivity at Z K)FLM;]J Bv C;NLT/HS é S\VVX 3/%_'\/ \I;WRR)Q\&Yz ;lLl;RNF;)g' |:|9V v SV %

0°C),oc:0.16°C_1(tempemturecoeﬁ‘icientofconductivity) IXQFWLRQ RI WHPSHUDWXUH DQG FRQGXFW
RI PHDQ Wi PNQHMWP FRQWDLQLQJ DQ HPE

b = KHLAgW«  OPP $V FDQ EH LWHBIQQRUBOO\ K

. A WKDQ ¢%' W URRP WHPSHUDWXUH GXH WR

1= 34107 S WKH LQVXODWLRQ FR@HEHARPH, DREHU WKI

ZKHQ WKH FRQGXFWLYLW\ LQFUHDVHV ZLW
ODUJHU WKDQ WKDW RI WKH FDYLW\ JDV
H[DPSOH33'9%g UDQJHV EHWZHHQ DQG
WHPSHUDWXUH IURP WR f& +HQFH (
FRQGXFWLYLW\ DV SRVVLEOH ZRXOG EH
LQVXODWLRQ WKXV PDNLQJ LW SRVVLEOH
ZRUN LQ VWHDG\ VWPWHKLEHORRDGHIIO $&
FRQGXFWLYLW\ EHFRPHY DQ LVVXH RQO\ C
05 R PRVWO\ XQGHU (+9%&

R 2 3°Tem?wmrzo(oc)6° ORS00 7KLV SLFWXUH KRZHYHU LV FRPSOLFDW
SUHVHQW YROWDJH SRODULW\ WUDQVLHC(
YLJ  R@io of PDIVpc to PDIV ¢ as a function of temperature (model VHFWLRQ ZKLFK ZLOO RFFXU GXULQJ RStEt
(15)) and conductivity at 0°C, yg, for polymeric specimens of mean VIVWHP 'XULQJ WLPH YDULDWLRQ RI VXSS
LQVLGH WKH LQVXODWLRQ ZLOO EH GULYH
QRW E\ WKH FRQGXFWLYLW\ DV LQ '& VWH

thickness hyp=1.22 mm, containing and embedded cavity of height h. =

0.41 mm. Relative permittivity of the polymeric material = 2.3. After [35] LQFHSW DFFRU§LQUKWR BHORHWBHO LI WK
001 = E- . ; LQVXODWLRQ V\WWHP ZDV GHVLJQHG WR
0.008 VWHDG\ VWDWH 7KLV LV WKH SK\VLFDO
— = P i s s VXPPDULVHG LQ )LJV DQG DQG PRGHC
. o =l 5 QRWHZRUWK\ WKDW WKH WLPH FRQVWDQW
s *L" 3 VWHDG\ VWDWH LV JLYHQ E\ > & @
8 o . de® v | e 3
é. i /’/ 2 Eeq
g; 0.002 // PDIV(AC) & Ll
0.004 / 2 s
oos | 4 ZKHYHY WKH FRQGXFAMKLY WX DYQIEOHQW SH L
“05/ GHULYHG H J IURP WKH WLPH FRQVWDQV
0016/ 26 40 60 80 100 120 140 180 TAO 200" FXUUHQW PHDVXUHPHQWV SHUIRUPHG RQ
Polarization time [s] IRU WKH DSSDUDWXV DW WKH FKRVHQ
N . o ) ) WHPSHUDWXUH > @ 7\SLFDO YDOXH
YLJ  PRD events during energisation of a DC insulation system (test SHUPLWWLYLW\ IRU D +9 RU 09 SRO\PHULFT
object made bypolymericﬁlms withacavity havingheight hc:Olmm) VWUHVVHV SURYLGH HVWLPDWHYV RI WUDQ
The voltage is applied in two steps: from 0 to 5 kV in 30 s, then steady at 5 yLJ VKRZV 3" HYHQWYV GXULQJ HQHUJLVLE
kV for 1 min and from 5 to 6 kV in 1 min. The PDIVAC measured at 50 Hz V\VWHP IRU D WHVW REMHEW PDGH E\ SR
is indicated KDYLQJM@HMKWPP $V FDQ EH VHHQ 3' LQF
K WKH YROWDJH H(B(GV3'W[KlH'|H3HBSHF
UDWH DQG PDJQLWXGH > @ 7KLV % ROW[
DJHLQJ UDWH DQG OLIH DQG WKHUHIRU IHRQ
PRVWO\ IRFXV RQ WKRVH SDUDPHWHU R%J é YROWDJH
3',9 3" UHSHWLWLRQ UDWH DQG PDJQL UL
JLHOG LQWHQVLW\ YDULDWLRQ DQG G gé Vf H—| o
FKDUJH ZKLFK KDV DOVR WR EH LQYHV & lh:RQ\/
KDUPIXO DFFHOHUDWHG DJHLQJ PHFKDQ O]\ U 09 DQG
$V D QRWH VXFK ILQGLQJV KLJKOLJ g ' WKH
LQVXODWLRQ XQGHU $& FDQ SURYLGH ll' 8/ IR RZHYI—
SUHVHQFH RI GHIHFWYV EXW QRW DERX DER
DJHLQJ XQGHU VWHDG\ VWDWH '& HOH L IR\CJI URPL
SUDFWLFH ZRXOG OHDG WR 3 XQGHUV\ (}S_I% ULDO FKRLFH W

XQGHWHFWHG L & WHVWYV
Q Q% EXW WKH\ DUH EDVHG RQ D FDUHIXO VXU’

PDWHULDO DQG WHFKQRORJ\ LPSURYHPHQ
GHGLFDWHG PRGHOOLQJ DV WKDW LQWURG
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$V D FRQVHTXHQFH RI WKH YHU\ ORZ UH
3' SXOVH DPSOLWXGH FDQ EH ODUJHU WKD
KLJK DPSOLWXGH SDUW RI WKH DPSOLWY)
FXPXODWHG GLVUXSWLRQ UDWH RI LQVXO
PHFKDQLVP EULQJLQJ WKH LQVXODWLRQ W
VPDOOHU WKDQ XQGHU $& WKXV UHVXOWL
3' XQGHU '& 7KLV ZRXOG WUDQVODWH LQW
- VDPH PDWHULDO EXW VWLOO VPDOOHU W}
1078 1070 10 10° 10° ZLWKRXW 3 7KLV VSHFXODWLRQ KDV
Supplyifrequency(kiz) XQDPELJXRXVO\ IXUWKHU H[SHULPHQWDO .

)LJ E&perimental repetition rate of PD for polymeric specimens with OLNHO\
internal cavity, as a function of frequency (from DC to AC power supply).
Data measured at PDIV 6SDFH FKDUJH

PROD pattern TRPD patiem 7KHUH LV KRZHYHU DQRWKHU DFFHOHUD\V

g Pt . . ¥ SODFH XQGHU '& DQG LW LV DEVHQW XQGH!

: i o Rl VSDFH FKDUJHV LQ LQVXODWLRQ )LJ

N : PDJQLWXGH DV D IXQFWLRQ RI VXSSO\ YRC

S0E02 ) . SRO\PHU XVHG IRU $& DQG '& LQVXODWLF

e : - : a5 SRO\HWK\OHQH ;/3( $V FDQ EH VHHQ WKt

LO0EL ? : " WKH WHVWHG LQVXODWLQJ PDWHULDO GHEF
e . JHUR LQFUHDVLQJ IUHTXHQF\ DERYH '& >

et el e b WKHRULVHG DOUHDG\ LQ WKH V DV DIIHF

k Time (2 - VSDFH FKDUJH OLPLWHG FRQGXFWLRQ 6&;

a b IURP LW ZDV PHDVXUHG GLUHFWO\ LQ W

)LJ PAPD and TRPD patterns from PD measurements performed DJHLQJ FDQ EH SUHGLFWHG URXJKO\ LQ Wi

. . . ILHOG LQVLGH LQVXODWLRQ GXH WR VSDF
under AC 50 Hz and DC (negative voltage polarity) on a MV cable with an
artificial surface defect at one termination /IDSODFH ILHOG JHRPHWULF WR D 3RLVVR

WKLY FDQQRW EH SUHGLFWHG LI QRW
25 DFFXPXODWLRQ DW WKH HOHFWULF ILHOG
LQVXODWLRQ GHVLJQ DQG RSHUDWLRQ >
H[DPSOH RI HOHFWULF ILHOG PDJQLILFDWL
E\ FOD\ QDQRILOOHUV GXH WR VSDFH FKD
JHRPHWULF /DSODFH ILHOG LV ON9 PP
15 ILHOG UHDFKHV  ON9 PP GXH WR VSDFH F
FDQ FDXVH LQVXODWLRQ EUHDNGRZQ XQG
HYHQ VHFRQGY UDWKHU WKDQ WKH WHQV
VSHFLILFDWLRQV DV KLJKOLJKWHG E\ )LJ
. (YHQWXDOO\ )LJ UHSRUWV D VXPPDU!
05+ UHOHYDQW WR 3' DQG VSDFH FKDUJH VI
. DFFRUGLQJ WR IRU DQ LQVXODWLQ
o , , ‘ ‘ , . WHPSHUDWXUH ZLWK VORSH DIIHFWHG E\
0 0+ 100 102 ot @ 0 0 VWUHQJWK 9(& DQES G HVLONIDRRH G
frequency [Hz] x \HDUV DW WKH GHVLJQ ILHOG RI ONO9 |

YLJ  D@pendence of space charge density on supply-voltage frequency. 3" GHFUHDWRHYV WKXV FDXVLQJ VLJQLILFDQW

j j i " _ GHVLJQ OLIH $ SHUPDQHQW LQFUHPHQW R
Sznuh'vozdal voltage, poling field 55 kV/mm. Polymeric press-molded WR HJ VSDEH FKDUJH RU H J-'2 ULSSOH
specimen. After [45]

WLPHV ZKLFK EHFRPHV DOPRVW RUGF

5HJDUGLQJ 3' PDJQLWXGH DOWKRXJK y REFXU VLQF!
YROWDJH VXSSO\ RFFXU DW GLIITHUHQW %)g Lk éH])LL}:S%H% L%QQEV‘
ILHOG LV DSSUR[LPDWHO\ WKH VDPH D
DPSOLWXGH LV QRW IDU IURP WKDW Y(% W(,K%é’H d RRY}“WGV > @

PDWHULDO FKDUDFWHULVWLFV WKW\MI—LV RQ WKH VWRFKDVWLF GHOD\ WLPH RI
LQLWLDWLQJ HOHFWURQ > +RM—&{R—|QF®\D«\HLI®QVW VLIQLILFDQW

GLIIHUHQFH LV LQ WKH 3’ UHSHWLWLRQ WLRWH %L\M&JR ,jVJ E WK ERPH
: Fp E VE%@ R EH GR
VIVWHP
RQG OHYHC

o o
° ™
C

Repetition rate(1/s)
3
Q

40c02p °

Amplitude (V)

Phase 1]

2.0 [ ]

Charge [C/ma]

RUGHUVY RI PDJQLWXGH VPDOOHU WKDQ
H[SHULPHQWDO UHVXOWYV RI 3' PHDVXUH

$& SRZHU IUHTXHQF\ YROWDJH )LJ K
RI UHSHWLWLRQ UDWH DV D IXQFWLRQ R 0 JULG
)LJ GLVSOD\V WKH SKDVH UHVROYHG QQ@ H[SHUL
353' DQG 753" UHVSHFWLYHO\ IRU D G & Q QRU RQ LWV
DW WHUPLQDWLRQ RI DQ 09 SRO\PHULF

QHIJDWLYH YROWDJH SRODULW\ > @ 5 T/E IC#JDO
FOHDU GLIITHUHQFH LQ UHSHWLWLRQ UD\% | gg( L?% LS/ [i
H[SHULHQFH DFFXPXODWHG LQ SDWWHU .
VXSSO\ ZKLFK LV IXQGDPHQWDO IRU FR N IXQGDPI-
@ JHWVY ORVW LQ '& EHFDXVH RI WKH U DQG
WKH YROWDJH ZDYHIRUP WKH VDPH Kg| . gllﬂ_ ELOLW\ DC
ZDYHIRUPV > @ 7KLY FRPSOLFDWHV )
LGHQWLILFDWLRQ DQG UHMHFWLRQ XQG Llﬁl? L é_USF?g 51 RU
PDMRU UHDVRQV ZK\ 3' PHDVXUHPHQWYV ) = %l X WLRQ PC
SHUIRUPHG LQ '& LQVXODWLRQ V\VWHPVY Vit - (E \8 #va\%?/ FRQVLC
DUH VWLOO FDUULHG RXW XQGHU $& IRU é’ WK $& D
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NSHIHUHQFHV
150
> @ )DLUOH\ 3 u&KLQD V DPELWLRXV SODQ WR EXL
((( 6SHFWUXP JHEKWBDMBY VSHFWUXP LHHH RLU
VPDUWHU JULG FKLQDV DPELWLRXV SODQ WR EXLO
DFFHVVHG 'HFHPEHU
> @ (1762 ( (XURSDFDEOH Wu5HFRPPHQGDWLRQV W
VIVWHPV UHOLDELOLW\Y (XURSHDQ 1HWZRUN RI 7U
(OHFWULFLW\ KWWGN GRFVWRUH HQWVRH HX 'RF
3RVLWLRQ SDSHUV DQG UHSRUWYV -RLQW SDS|
5HOLDELOLW\ (1762 ( (XUPSFHYEGIE SGI )HEUX

100

50 4

50

Charge density [C/m3]
o

-100 4

-150

200 i . . ' > @ ,((( 5SHFRPPHQGHG 3UDFWLFH DQG 5HTXLUHPHQ\
-1 00 0.1 02 03 04 (OHFWULF 3RZHU 6\VWHPV , ((( S
Thickness [mm] > @ ORQWDQDUL * & &DFFLDUL O &DYDOOLQL §
i KDUPRQLFV DW QEEW Zrédt) RowerXDér VY 10 SS
+

> @ ORQWDQDUL * & )DELDQL ' pn7KH HIIHFW RI QR
DJHLQJ RI FDEOH DQG FDSDFIPBFREund QM@ DWLQJ |
Electr. Insul. 6 SS +

> @ &DYDOOLQL $ OD]IDQWk&sal* pORWD QHFWL RY RR.
VI\VWHP KDUPRQLFV RQ FDEOH HQGXUDQFH DQG UL
5RPH ,WDO\ 2FWREHU SS +

> @ ORQWDQDUL * & ORUVKXLVPBW WHEKBRXLQIOXHQ
VHOHFWLRQ DQG GHVLJQ RI +9 DQG 8+9 '& FD
DSSOLFBiRagV T 3 SS +

> @ GH 'RQNHU 5 : u3RZHU HOHFWURQLF WHFKQROF
JULGVT ,((( ,QW 3RZHU (OHFWU &RQI +LURVKLPL

-100 4

-150

Electric field [kV/mm]

—— 10000s

-200 4

55 ‘ , , ‘ > @ 20HQPDUN $ 6ORWH al- uERIQUWVWR® GHYHORSP
-01 00 (5] 02 03 04 PRGHOLQJ IRU IOH[LEOH '& JULGV LQ ORGHOLFDT
Thickness [mm] 9HUVDLOOHV )UDQFH 6HSWHPEHU SS +
b > @ ORQWDQDUL * & H7KH SRWHQWLDO LPSDFW RI
R GLVWULEXWLRQ RQ LQVXODWHG FDEOHV DFFHOH!
yLJ Spuce charge (a) and electric field profile (b) measured as a WK ,((( 3(6 $VLD 3DFLILF 3RZHU (QHUJ\ (QJ &R
S : : . : . &KLQD 'HFHPEHU SS +
function of poling time on a nanostructured ethylene-vinylacetate (EVA)
specimen at poling (Laplacian) field of — 60 kV/mm (the x-axis reports the > e HG(YDOXDWLRQ DQG TXDOLILFDWLRQ RI HOHFWULF
insulation thickness). The maximum field (Poissonian) is about— 200 > @ ORQWDQDUL * & 6H&L. 3u$QRDYEKXRUPFK WR LQ\
kV/mm at the end of poling time. Nanofiller is a clay (montmorillonite) at FRQGLWLRQ PRQLWRULQJ DQG OLIH DVVHVVPH
5% wt density. Afier [13] HQY L UR QBER QRaMNPHwer Deliv. 34 SS +
> @ ORQWDQDUL * & u%ULQJLQJ DQ LQVXODWLRQ W

() 6SDFH REIOHFWULF ILHOG SURILOH IEEE Trans. Dielectr. Electr. Insul. 18 SS

> @ 5RWDWLQJ HOHFWULFDO PDFKLQHV + VD UMD O
LQVXODWLRQ VA\WWHPV 7\SH , XVHG LQ URWDWL(

ES, = 250 kV/mm —

m:r;gpig:*"] YROWDJH FRQYHUWHUV + 4XDOLILFDWLRQ DQG
With PD at time top ‘ 1
! > @ 5RWDWLQJ HOHFWULFDO PDFKLQHV * 3WHWVV
. IRU SDUWLDO GLVFKDUJH UHVLVWDQW HGHE@ ULFLC
£ 1% URWDWLQJ HOHFWULFDO PDFKLQHV IHG IURP YRO\
S
= > @ ORQWDQDUL * & u$ FRQWULEXWLRQ WR XQUDY!
2 XQGHU '& HOHFWULFDO VWUHVV ZKHUH ZH DUH D
2 , &' %XGDSHVW +XQJDU\ -XO\ SS +
R et e e e > @ ORQWDQDUL * & MIRWHV RQ WKHRUHWLFDO D(
s e e e LQV X O DW LIRKE HedtH nQIIMag. 29 Ss o+
o= i > @ ORQWDQDUL * & 6LPRQL / p$IJHLQIEEKHQRPHC
3 Trans. Dielectr. Electr. Insul. 28 SS +
§ > @ *XLGH IRU WKH GHWHUPLQDWLRQ RI WKHUPDO
LQVXODWLQJ PDWHULDOV 3DUWYV (&
ol Hi e G vl s > @ 'DNLQ 7: W(OHFWULFDO LQVXODWLRQ UBHWHHUL
106 104 102 100 102 S KH QR P B-@R QA Inst. Electr: Eng. 67 Ss +
Life [years] > @ ORQWDQDUL * & &DFFLDUL O u$ SUREDELOL!
R FRPELQHG WKHUPDO HOHFMsUHLED DsuV WU H20VHV |
YLJ  ESwmple of life lines (according to the inverse-power law (6)) for SSs +
a typical electrical polymeric insulation used in MV or HV, at operating > @ (OHFWULFDO ,QVXODWLQJ ODWHULDOV * $ & 9R
temperature,W.zthVECn:10andllfeof30yearsal.thetiieS{gnﬁelajqf30 > @ )DELDQL ' ORQWDQDUL * & &RQWLQ $ u$JH
kV/mm. Inception of PD decreases n to 6, thus causing significant life loss PDWHULDOV IRU HOHFWULFDO PDFKLQH ZLQGLQJV
compared to design life whether PD incept at the beginning of operation or DQG LQ WKH DEVHQFH Rl SDUWLDO GLVFKDUJHYV
at time tpp. A permanent increase of the electric field of 20% due to space 'LHOHFWULFV (LQGKRYHQ 7KH 1HWKHUODQGV -XQ
> @ ORQWDQDUL * & UMW3RZHU HOHFWURQLFV DQG

charge can reduce the life by about 6 times 125" .6 /LQJE\ 'HQPDUN -XOQH Ss =«

> @ ORQWDQDUL * & 6HUL 3 pM7KH HIITHFW RI LQY
YROWDJH YDULDWLRQ WUDQVLHQWYV LV D FCKL[VOI(]DHQ-UBIQER(DJLIGI-EHI&\@Elﬁxlbkl;%c@%iOL\Qly@O[
ERWK '& DQG $& OLNH RSHUDWLQJ FRQGLWLR +$50 %HOHFWU DQ
DSSDUDWXV GHVLJQHG WR RSHUDWH LQ $& PP '6’R9V$E|H&W<XL VG YRy e R 1DWLIXHT
SURYLGLQJ VKRUWHU OLIH DQG UHOLDELOgW\oMoKBEoYVISHRLI LG AL Q Fi FR QS LWhRQ
PRQLWRULQJ GHYLFHV DUH QRW DYDLODEOFI-H)E‘CI-lH\/\X/\WWHlPV&XCRB$1HUJIBS'\HIWFE@LYWKF&Q/WDJH Wi
PHDQV WKDW LQVXODWLRQ GHVLJQ IRU &@LQ'DSW\‘E!J COSDELY
FRQVHUYDWLYH DQG zZHOO DzZDUH RI zZRUNLQY FROWG, w% %}w&ﬁm’ﬂr{% AT
K\EULG JULGV PD\ UHTXLUH IXUWKHU OHY&I-plz@N(d'«Z/ILUE@X(WA_ HNVVoLB WDO\ 0D\
NQRZOHGJH RI DJHLQJ IDFWRUV DQG PR & HaD V&DYVOWLOR V B L)QWU@%X;F/H@]}KWHUWLRQ :
DV ZHOO DV OLNHO\ LPSURYHG LQVXODWLQ@VP‘BW mwb’WHRQ/DQ?RWWg%LF'WWfU I1$Rg(§{

HUQ' 6\PS (OHF QDKHLP" 86
PD\ KHOS SHUKDSYV > @ %XOOHU ) + H&DOFXODWLRQ RI HOHEBFULFDO \
Trans. Power Appl. Syst. 86 SS +

> @ . UH X J Hdlusiyiat hightDC voltage] 'HOIW 8QLYHUVLW\ 3UHV\
IHWKHUODQGV
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+ ODWHULDOV 1DJR\D -DSDQ -XQH Ss +
@ ORUVKXLV 3+ ) 6PLW -- u3DUWLDO GLWFKDUIHVJIOW *& YROSDFEHHFKWKBHUOLPLWHGukEXUUHQW
PHFKDQLVP GHWHFWIERRT Y Biel@ Bk ¥l 182 SS +
12 Ss + > @ ODHQR 7 )XNXQDJD . p+LJK UHVROXWLRQ
@ 6HUL 3 1DGHULDOODI + ORQWDQDUL * &  pORCONVOQIHPH QBN Bidetiv: REQ M il 3 ss

IUHTXHQF\ HIIHFW RQ SDUWLDO GLVFKDUJH UHSHWLWLRQ UDWH DQG FKDUJH DPSOLWXGH

+LJK 9ROW 9RO  ,VV Ss
7KLV LV DQ RSHQ DFFHVV DUWLFOH SXEGHWKWGE HE & WHKBIW (¥ 1D @B RABR,VXSWWULEXWLRQ 1RQ&RPF

KWW S FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ QF QG



