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1. ABSTRACT 
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xv:r th: y:wrs dHzHOwl sHz-wl \r.c:ssHFy hws J:c.m: wF wcc:\t:d t..l HF :"wlIwOH.F .V HV Hm\Ils: t:sOs, 
\wrtHcIlwrly HF wss:ssm:FO .V t:sOs .V F.Fks:lf r6st.rHFz HFsIlwtH.F, sIch ws HF \.w:r Orw-s4.rm:rs wFd 
r:wct.rs. 

vO hws J::F r:\.rO:d OhwO c[rtwHF HV t:sO stwOH.Fs hwv: [-c.IFO:r:d dH4icIltH:s wh:F Oh:Hr OrwdHOH.Fwl 
wFwl.zI: .scHll.sc.\:s hwv: J::F dHr:cOly r:\lwc:d Jy w s\:cHwlHç:d dHyHOwl r:c.rd:rz !F m.st cws:s Oh: 
\r.Jl:m hws J[:- cwIs:d Jy :l[ctr.CwyF:tHc H-O:r4:r:-c: \kF:trwtH-z O. th: l.w valtwz: cHrcIHO .f Hm\Ils: 
"alOwy: dH"Hd:r w-d shIFt , .r Jy Oh: OrwFsH:-O yr.I-d \.t[-OHwl rHs: .":r th: zr.IFd l..r Hm\:dw-c:. 

Th:s: dH4icIltH:s cwF J: :lHmHFwt:d, ws s..F ws Oh:Hr s\:cHic FwOr: wFd l.cwtH.F wr: vF.wFc A c.Fv:FH:FO 
O:clmH\I: f.r ch:cvH-z Oh: kl:ctr.mwzF:OHc c.m\wtHJHlHOy .f w HV Hm\Ils: m:wsIrHFy s1sO:m hws J::F 
d[vkl.\[d, wFd c.FsHsOs .f th: cwlcIlwtH.F .f c.h:r:Fc: .V w u[{ s:Os .f th: HC\Ils: valOwz: w-d .IO\IO 
cIrr:-O fr.m Ohc t:st .Jj:ct 

Th: c.h:r[-c: r:":wls fr6\u:-cy H-t:rvwls \Yh:r: Oh: H-t6r46r:Fc: hws HFyr:ss:d th: m:wsIrH-y cHrcIHO wFd 
mwsv:d Oh: r6c.rd:d sHzFwls. \VHOh Oh: c.h:r:Fc: zrw\h .v:r\l.tt:d .F Oh: OrwFs4:r 4IFcOH.F .V Oh: t:sO .Jj:cO, 
Oh: lwOt:r cwF J: \IwlHi:d. Th: cmcHwl dH446r:Fc: J:tw::F Oh: trw-s46r uuFcOH.Fs4 m:wsIr:d wO th: uIll wnd 
r[dIc:d t[sO valOwz: l:":ls, cwF J: wss:ss:d ws z:FIHF[4 Hv:v cwIs:d J2 Oh: HFsIlwOH.F fwIlO .r \wrtHwl dHschwry:, 
.r jIsO cwIs:d Jy HFt:r4:r:Fc: c.I\l:d t. Oh: m:wsIrH-y cHrcIHO. 

Exwm\l6s .4 trw-s4.rm:r Hm\Ilsc t:sO r:c.rds c.rm\l:d Jy :l:ctr.mwzF6OHc H-t:r4:r:-c: ws \v[ll ws Jy Oh6 
\IwFtHlwOH.F F.Hs: .V Oh6 dHyHtHz:r wr[ \r6s:-O[d wFd c.m\wr:d O. Oh6 r:c.rds Owv:F H- "F.Hs: fr:: " 
6F vHr. Fm6FO� 

2. INTRODUCTION 

SHznwl \r.c:ssHFz .V dHzHOwl r:c.rd:d Hm\Ils: O:sO dwtw :-hwFc:s th: \IwlHty c.Ftr.l .4 hHzh valOwz: 
6\IH\m:FO lHv: trwFsf.rm6rs, r6wcO.rs .r HV-JIshHFzs. T. \IwlHñv w F.F-skl4 r:st.rHFz HFsIlwOH.F t): 
c.C\wrHs.F m:th.d hws J::- HFtr.dIc:dz F.r trwFs4.rm[r t[stH-z w c.m\wrHs.- JcOw::F w r:dIc[d Hm\Ils: 
wFd w uull HC\Ils: r:y[wls H-t:nwl HFsIlwOH.F fwHlIr:s. Th[ c.F":-tH.Fwl m:th.d \-ws O. c.m\ar: th: valtwy: 
.F \h.t.s twv:F Jy wF Hm\Ils: .scHll.sc.\:. \VHOh w HHzh p:s.lItH.- !m\Ils: AFwlysHFz Syst:m (H!AS- O): 
r[c.rd6d wFl dHyHtHl:d ww"[ 4.rms cwF J: scwl:d t. Oh: swm: mwzFHOId:y wFd Oh: OHm: .rHzHF cwF J: shHt:Ƚ 
H- w \Ywy O. mHFHmHl: Oh[ dH44:r:Fc: J:l\-c:- Oh: sI\:rHm\.s:d r:c.rdsz Th: sIJtrwcOH.F .f th: tw. r:c.rds Hs 
\:r4.rm[d mwO):mwtHcwlly Jy O): c.m\It:r wFd Hs dHs\lwy:d t. th: Is:r sh.wHFy I\ .Fly O): dHf4:r:Fc:s .f 
th: lȬ-. yrw\hs (Mwl:wsvH5 P.IlHF i-� (G.cn:-Jwch� ClwIdH 2). 

Hm-6":r wHOh F.F hHzh \IwlHt1 Hm\Ils: z:F:rwt.rs s.m: dH44:r:Fc:s J:Ow::F th: t\Yț z:F:rwO6d O:sO Hm\Ils:s 
wHll wls. sh.w I\ HF O): dH44:r6Fc: r:c.rd. ThHs hw\\:Fs :c yz wHOh dHf4:r:FO OrHzy:r m:chwFHsms J:Ow::n 
r6lIc6d wFd 4Ill Hm \Ils: v.ltaz:s r:sIlOHFy HF F.F lHF:wr ,altwy: shw\6sc 

T. .":rc.m: Oh:s: \r.Jl[ms th: s. cwll6d OrwFs4[r fuFctH.F hws J::F HFOr.dIc:d (Mwl:wsvH, :O wlŔ-. T): 
trw-s4:r fuFctH.F Hs cwlcIlwO6d ws Oh: \I.tH:FO .f Oh: F:IOrwl cIrr:FO s\:ctmm wFd Oh: O:sO O:sO valtwy: 
s\6ctÄan. ll r:lkcOs [l:cOrHcwl chwrwct6rHsOHcs .f Oh: wHFdHFy w-d r:v:wls HOs FwOZrwl .scHllwOH.-s. Ewch 
r6s.FwFt \.l: .F Oh: OrwFs4[r fuFcOH.F \l.tO:d wzwHFsO ur:\I:Fcæ c.rr:s\.Fds t. w FwOIrwl r:s.FwFc: .f w 
\rH-dH-z s:cOH.F. 
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IG prwctGse the tw; ;JtwG-ed trw-s\er \u-ctG;-s ;\ the \ull w-d redZctd me,·els ma sZperGCp;sedz N:Gthar the 
wCplGtZde -;r th[ shwpe ;\ the zaGtrwted wwÜ: \;rC wf\:ct th: shwpa ;V the trw-s\kr \uGctG;-n IG ;th:r mYards 
th: trw-s\er \u-ctG;G sh;ws w h-z[rprGGt ʑ\ th: t:st ;Jject mYhGch Gs G-depa-de-t ;\ the ze-krwted mzwve \;rmz 
IG prwctGs6 s;Ct :\\ects GGlu[-ce the pkr\;rCw-ce ;\ thGs mcth;dc 

Thk \Zw-t*lwt*;- :rr;rs ;V the dGzGtwl c;-v[rt[r w-d Gts lGCGt[d dy-wÃ*c resalutGmt m*mGts th[ uppar re\Za-cm 
;\ tha trw-s\er \Z-ct*;Gz But [v:G wGth w- Gdewl dGzGtGler mYith [z zz w- GGh-Gte swCplG-z rwte ;-e hws t; twv: 
GGt; wcc;Z-t thwt th: valtwze w-d cZrr6Gt C:wsZrGGz chw--els G-clZdc wls; w ¢V dGvGdcr wGd w cZrr:-t shZ-tn 
Thtsa e\\ectGv6ly dtlGCGt the upp[r \rt\ue-cm ;V th[ cl˭--[l Jw-dmYGdth. A c;CpwrGs;- ;\ th: JwGdwGdth ;V 
dG\\:ra-t c;Ãp;-e-ts ;V thc C:wsZrGGz systcC Gs shm0G G- ȉGg 1. 

Als; the trw-s\;rCer Gts[lV cwG chw-ze the trw-s\er \u-ctG;- ê·Gth;ut hw"G-z w-m de\ectsc At hrsty SwturwtG;- ;V 
the c;r: Cwm J: r:wch:d GV severwl GCpulses ;V the swC: p;lwrGty wre wpplGtd, sGGc: the2 wdd t; th: CwzG:tGc 
c;r: reCw-c-cc. A s[c;-d s;Zrcc ;V -;GĵlGGewr JehwvG;Zr ;V C;den trwGs\;nners wre s:CGc;-duct;r 2ȦGx- 
lGzht-G-z wrresters. whGch Cw2 ;parwt: wGthG- th: test valtwze rw-ze, w-d a\\:ctGvely d; chwGz: th: trwGsV:r 
\u-ctG;G. 

H;m0ev6rĭ chw-z[s ;V the tr�ʇs\6r \Z-ctG;- du: t; c;rk swtrwtG;- ;ccur Zsuwlly wt the GCpZlse twiL w-d the 
clGppGGz ;V v;ltwze wcr;ss w mYG-dGGz sectG;- pr;tacted Jy th6 wrrest6r ews w dGstGGct pwtt[nn Thase :\\tcts cw- 
Je ewsGly r[c;z-Gled J2 cxparG[-ced G-spect;rs w-d th6r6 Gs lGttlc chwGc: t; tav: such sympt;ms \;r wG 
G-tanäl Jrewvd;wG ;r pwrtGwl d*schwrze. 

Tȶ[ trw-s\:r \u-ct*;- r[vkwls w l;cwl Jraavd;w- ws w cew-z6 ;\ w res;Gw-t p;la, w-d thwt chw-z: ;ccurs wt w 
zGv:- r[\ue-cyc Tht rwtG; ;\ thc w\\[ctad p;la CwznGtZd: t; te[ wdjace-t trw-s\er \uGctG;- vwlZes Gs relwtGvkly 
hGzh, sG-ce wll 6-6rɣy ;V th[ dG\\kre-c6 sGz-wl Gs c;-ce-trated G- w Gwrr;w \re\u6Gcm Jw-d wr;uiŐd the w\\ccted 
p;l:n 

¢a-cc. Gt Gs ZsZwlly awsGer t; datkct te6 CG-Zte di\\ere-c: s*z-wl Jy wG ;Js:ʎ:ed p;l: shGt ;G th: trw-s\:r 
\uGctG;-, rwteer thwG Jy c;CpwrGs;- ;\ th[ GCpulse rtc;rds, m0h6re tee sCall zlGtch mwy Je dmzwr\kd Jj th: 
GC pZls:. 

Thc :lcctr;Cwz-etGc -;Gsc Gs the mwGG \wct;r mzhGce GCp;ses mGmGts ;- tee hGzh valtwz: m[wsZr:C:-t wGd ;G 
the prwctGcwl use ;\ the trwGs\ar \uuctG;-c 

3. ELECTROlAGNETIC INTEFERENCE IN HV IIVIPULSE TEST LABORATORY 

Th:re wra tm0; Cechw-GsCs ;V GGtar\kre-c: c;ZplGGz t; te: GCpZls[ mtwsurG-z cGrcuGtn The GGt:r\er:-c: cwG 
J: c;-dZcted t; wFd/;r G-dZckd GG the dGzGtwl rec;rdkr, Gts G-put wttt-uwt;r. c;wx*wl cwJles� th: dGÜGder l;w 
valtwze wrC wnd curre-t CcwsurG-z shZGtc 

Trw-s\;rmtr tkstG-z re\uGres sGCZltw-eaZs mewsureC:-t ;V th6 valtwz: wGd curre-t r6c;rds. w-d these tw; 
sGzGwls wrc Jr;uzht t; the rcc;rder fr;m th: dGvGder w-d shu-t Jy c;w˯Gwl cwJlesc Th: zr;ZGdGGz p;GGts ;\ 
dGvGder wGd shZGt wre c;-G6cted t; the mwJarwt;r̜ zr;u-dG-z Cesh wt dG\\:reGt l;cwtG;Gs sepwrwt6d Jm w 
dGstw-ce ;\ seˢ:rwl m:t6rsn 

A c;-sGderwJlc p;te-tGwl dG\\trk-ce cwG davɆl;p J6tweeG these l;cwtG;Gs u-d:r trw-sG:Gt c;GdGtG;-sc Th: 
trw-sG6-t valtwz: dr;p ;- thc zr;Z-dG-z Cksh Gmpedw-c: Gs cwused Jm the currcGt lmYGGz G- thGs meshc T): 
cwpwcGtGv: cZrre-t Gs G-j6ctkd t; tee zr;u-d mcsh Jæ w rwpGd rGs: ;V p;teGtGwÂ U ;V th: GCpuÂs: z:G6rwt;r HV 
[lectr;de, wt the tGC: ;V zeG[rwt;r irG-z, wGd wls; wt thc GGstwGt ;V GCpuls: ch;ppGGzc Th: mechwGGsm ;V 
curr[-t GGɲectG;G GGt; the zr;uGdG-z Cesh Gs pres6-t6d schemwtGcwlly G- FGz 2. 

AG ;rder ;V mwz-GtZde ;\ th6 t;tȵl cwpwcGtGvk currt-t Ic cw- J[ estGCwted V;r a typGcwl GC puls: test set up ws 
\;ll;ws: 

I = C * �U/�t c z 

mYGth: 
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C z � 2 n FF] k gr;ZFd cwpwcGlwFce ;V Hhe GmpINse geFerwH;r H;p elecHr;de, 
U - 2 nMx] 6 GCpIlse pewn v;NHwge4 
śH� 0. 1 ȧ�s]6 rGse HGme ;V Hhe H;p eNecHr;de p;HeFHGwN GF HeGs 6xwmpNb vc hws w vwNZe ;V ŕ0 nAo 

IH Gs H; ]e F;Hed HhwH Hhe H;p elecHr;de rGse HGme mwy ]b mIch uasHer HhaF Hhe GCpZlsb 4r;FH HGme5 where Hhe 
gbFbrwH;r Gs 6qZGpped hGHh wF exHenwl ur;FH resGsH;rc 

vF wddGHG;F, w dGschwrge cZrreFH ;4 Hhe Gm pZNse geFerwH;r Gs GFj6cHecl GFH; the gr;ZFdGFz mesh wH Hhe ch;ppGFz 
g(p gr;IFdGFz p;GFH, wFd wH Hhe HesHed HrwFs4;nner zr;ZFdGFzc 

C;FsGderGFz Hhe mwzFGHZde ;) cIrreFH l;wGFg GF Hhe Iw]arwH;ry gr;IFclGFg sysHem, w N;w GmpedwFce 
zr;ZFdGFg mesh c;verGFg Hhe GmpIlse Hbst wrew Gs esseFHGwN H; redIce Hhe HrwFsGeFH vaNtwze dG44ereFce ]etweeF 
Hhe GFpIH eFd ;V Hhe valHwze dGider wFd shIFÖ c;wxGwN cw]Ne. 

3.1 Conductcd Intcrfcrcncc 

dhGs valHwze dG44[rcFce 6U cwF ]b perceGved ws w s;Zrce ;V HrwFsGeFH GFH6r4ercFce valHwgb U Fd c;FFecHed 
bcHweeF Hhe dGvGder wFd shZFH cw]le eFds, wFd wNs; ]6HwceF Hhe gr;ZFdGFz p;*Ft ;V Hhe dGgGHwfrec;rder. dhe 
gr;ZFd cZrrbFH vzFd l;ws HheF GF Hhc gr;IFdGFg mesh wFd GF Hhe c;wfGwl ca]lb shGeld, hhGch u;rms w 
pwrwNNeN paHho A rwHG; ;V Hhe cw]le shGeld cZrreFÖ vc H; Hhe zr;ZFdGFz mbsh cZrreFH vmesh depeFds ;F Hhe 
resp[cHGve GFdZcHGve GmpedwFce ;V Hhese Hw; pwHhs, wFd Gs s;meHGCbs re4erred H; ws Hhe zr;ZFdGFz e4icGeFcy 
(GE3. AlHh;Zzh w hGzh GE=vJimesh=6�� dB (1: 10003 Gs desGra]le, mwFy prwcHGcwl gr;IFdGFz sysHems wre 
ch(rwcHerGçed ]y Hhe m;desH gr;ZFdGFz 64icGeFcy ȋE::-40 dBc 

A vaNHwgb dr;p Uc deØ[l;ped ]y Hhe cw]le shGeld cIrreFH £c wcr;ss Hhe cw]Ne shGeNcl resGsHwFce psh rcpresbFHs 
Hee c;FdZcHed GFHcr4ereFce, hhGch Gs sZperGmp;sed ;F Hhb rbc;rded sGzFal UŚ, ws preseFHed GF FGz 3. dhGs 
GFHer4ereFcb sh;ws Zp GF f;rm ;V w hGzh 4r6qZeFcy ;scGlNwHG;F mYhGch ;teF mwsns perHGFeFH dbHwGls ;V Hhe 
rac;rdcd vaNH(ze wFd cIrrcFH \YwØe );rCs. 

debre wre Hmr; hwys H; redZce Hhe c;FdZcHed GFHbr4ereFce Uc: Hh6 hrsH cwNNs V;r s6NecHG;F ;) w hGgh \IwNGHy 
c;wfGwl cw]Nc, whGch Gs chwrwcHerG̝ed ]y w N;w r6sGsHwFce ;4 Hhe cwbNe shGeld. dhe sec;Fd meHh;d c;FsGsHs GF w 
radZcHG;F ;V Hhe cw]le cZrr[FH vc, heGch resZlHs GF wF GFcrewse ;V Hhc gr;IFlGFz eicGeFcy. dhGs cwF ]e 
(chG6vecl ]y GFsHwNNwHG;F ;V magFbHGc 2praferw]Ny uerrGHe3 c;rbs wr;ZFcl Hhc c;wxGwl cw]ley ;r GFsHwlNwHG;F ;V Hhe 
c(]le GF w sHabl pGp[. 

AlHe;Zge CagFcHGc permbwbGNGHy ;4 wF ;rdGFwry sHeeN pGpe decrewses wH w uew hIFdred nGN;herHl5 HhGs s;lIHG;F 
Gs ;t6F ×s6d sGFce Hh6 sH6cl pGpe Gs GFefpeFsGYe wFd pr;yGeles wls; w m[chwFGcwl pr;HecHG;F ;V Hhe c;wxGwN 
c(blc. IH ews ]ceF sh;mvF HewH Hhe sH6el pGʒ6 cwF rcclIce Hee cw]Ne cZrrcFH vc Zp H; u;Zr HGmcs, wGHh respecH H; w 
F;F-C(gFbHGc, [g c;pper pGpaz 

3.2 lnduccd Intcrl·crcncc 

FGrGFg ;V w Hx GCpZlse zeF6rwH;r GFdZc6s wF bNecHrGc wFd mwgFcHGc held c;mp;FeFH, whGch wHHwGF -50 H; 
1�0 nV/m wFd -Ř00 H; 1000 Alm, respecHGvely5 wH Hhe HesH Iw]arwH;y l;;r IeveNc dhese vwNIes hwve ]eeF 
C6(sZr[d wH seyerwN HV Nw];rwH;rGes sHwHG;Fsy wFd wre spbcGhed by Hhe vEC ws \ycNN ws vEEE sHwFdwrds u;r 
HcsHGFz ;V Hh6 shGeldGFg e4icGbFcy ;u eNecHr;FGc rec;rdGņ1g GFsHrImbFHsc 

mF zeFeral5 aF IFpr;HecHed, c;mmercGwN dGzGHwl rec;rder, c;mpIHer ;r ;scGNN;sc;pe cwF F;H ;perwHe GF Hhe 
eN6cHr;mwgFeHGc bFyGr;FmeFH ;) Hhe HV GmpZlse tesH ]wy. d; eFsIre w relGw]le ;perwHGmt ;) sIch GFsHrImeFH, 
GH eas H; ]e GnsHwNNed GF w Fwrwdwy cwze type ;V shGbNdGFz sHucHIrey wFd sIppNGed )r;m w pr;perNy c;FdGHG;Fed 
pmver s;Zrcbc 

DbsGgF ;f Hhe seGbldGFz sHrucHZre Gs dGcHwHed ]1 wF wcc[pHw]Ne IeveN ;V GFHer4ereFce vaNHage ;r cZrreFH GFdIced 
GF Hɥe seFsGHGva elbcHr;FGc cGrcIGHryc AF GFHer4ereFce cIrreFH GFdIc[d GF w HypGcwN cGrcIGH ];wrd ;) 0o1 i2 wrew 
]y Hee cwpwcGHGve c;IpNGFz H; Hhe ȏx GCp×lse geFerwH;r H;p elecHr;de hws ]eeF shm-F GF FGz ŗ, hhGch 
GNNZʧHr(Hes Hee c;IplGFz mech(FGsmc 
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AssImHFy th: cl:5HrH5 i:Nd ::::0 nV/m, wFd th: rHs: tHm: ;V th: HmpIls: y:F:rwH;r t;p :l:5Hr;d: p;H:FtHwl 
oH::O. l ¤lS, Hh: 5Irr:Ft HFj:5t:d HFt; th: 5Hr5IHt ];wrd ;V wF wr6w A=O.l 112 hHlN wttwHF: 

H=oQ/ oH=:ʏ* A *oE/ oH=0. : nA], 

mvh:r:: 

Q 5hwry: HFj65Hkd HFH; thk 5Hr5IHt ];wrd, 
s0 =8c8tb k12 nF/mȭ. 

AF ;p:rwtH;F ;V w m:m;ry ;r N;yH5 5Hr5IHt ];wrd h;Ild ]: hwmp:r:d ]y Hnj:5tH;F ;V sI5h wF Hm pINs: 5Irr:Ftc 
A shH:NdHFy strI5tIr: Hs F::d:d t; r:dI5: th: 5wpw5HtHv: 5;IpNHFy t; th: 5HrgIHt ];wrd ]y wppr;xHmwt:ly 
ktO dB. dh6 HFj:5t:d 5Irr:Ft hHNN ]: thcF r:dI5:d H; �00 ¤lA, w t;N:rw]l: vwNI: f;r m;st prw5HH5wN :N:5tr;FH5 
5Hr5IHts. 

A 5h;ppHFy ;V Hh: NHyhtFHFy HmpIls:, wFd H; swm: :xHbFd wls; irHFy ;V th: HmpINs: y:F:rwH;r, r:sIlts HF w 
rwpHd dHs5hwry: ;V th: y:F:rwH;r stwy: 5wpw5HH;rs, ws Ht Hs sh;hF s5h:mwHHgwlly HF FHy 5c AF ;s5HNlwH;ry 
5Irr:Ft 5Hr5IlwHHFy HF wF LC 5Hr5IHt 5;mp;s:d ;V th: y:F:rwH;r 5wpw5HHwF5: C::2 F wFd HFdI5HwF5b 
L:: w00 11H ;V th: dHseilwry: 5Hr5IHt, mwy wHHwHF: 

vmwx::0c 7 * U/JL/C::� 0  nnA], 

wFd Hh: 4uFdwm:FHwN 4r:qI:F5y ;V HhHs ;s5HllwHH;F Hs: 

4= l/2nJLCŹ:50 nHl]. 

AF HFHtHwl rwH: ;f rHs: ;V HhHs 5Irr:Ft: 

Iom/oH1111wx=U/L=2ô101Ņ nAls¯. 

wFd 

dhl r:sIltHFy mwyF:tH5 i:ld H= 1000 ȨAlm] wHNl HFdI5: wF HFH:r4:r:Fg: ,altwy: U HFd HF th: 5Hr5IHt ];wrd ;V 
wF wr:w A=Ool m2: 

;r 

UHFd:Ȃ�to* A *2n*H=:0 nV¯. 

AywHFy sI5h wF HmpINse HFdI5:d HF w :N:5tr;FH5 ;r N;yH5 5Hr5IHt ®yHNN HFH6r46r: ®vHth Hts ;p:rwtH;F, wFd wF 
:lk5tr;mwyF:HH5 shH:Nd Hs r:qIHr:d t; :FsIr: r:NHw]N: 4IF5HH;FHFy ;4 Hh: r:5;rdbr ;r 5;mpIt:r. 

ShH:ldHFy :4i5H:F5y ;V -50 t; �tO dB Hs F::dbd t; r:dI5: th: HFdI5:d vaNHwy: d;hF H; w H;l:rw]N: I:v:N ;V 
i00 .V. 

3.3 Elcctromagnctic Shichling Structurcs 

L:t Is 5;FsHd6r w hHyh ur:qI:F5y mwyF:HH5 i:Nd 5;mp;F6Ft HmpHFyHFy ;F w 5I]:k4;rm:d ];x mwd: ;V w 
g;FHHFI;Is g;pp6r sh::t5 wFd \ycNd:d wN;Fy wNN j;HFtsc A hHyh ur:qI:F5y 5Irr:Ft \ȟHNN ]: HFdI5:d HF th: ];x 
wwlls HF sI5h w wwy t; pr;dIg: w mwyF:HH5 i:Nd ;pp;sHFy th: :xH:nwNNy wppNH:d HFH:r4:r:F5: h:Ndc 

A pbr465t 5wF5:llwtH;F ;V th: wppNH:d i:Nd w;INd ]: w5hH:v:d HV th: ];x \v:r: mwd: ;V w sIp:r5;FdI5tHv: 
mwH:rHwlc p:sHstwF5: ;V th: 5;pp:r sh::t, wlth;uyh N;h, hHNN r:sIlt HF dHssHpwtH;F ;V w 5:rtwHF Nass, wFd th: 
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cIrreGt ,GUIc[U ,G th: b;f wwNN- w,lN b: -l,yhtly N;w:r thwG thwt GeeU:U f;r th: p:rɇ:ct -h,[lU,Gy. !G 
c;G-:\IeGcc, w pwtt (H,GUò ;f th: wppl,lU h:lU 2Hwppó w,ll :Gter ,G-,U: thc b;f. dhe -h,:NU,Gy :ic,cGcy SE 
;V th,- -tmctIr: ,- y,vcG bj: 

!G th: r:wl mY;rlU, w -h,:lU,Gy -tmctIr: -hwNN hwl: ;p:G,Gy- f;r ,G-twNNwt,;G ;V ,G-tmm:Gt-, l:Gt,Nwt,;G, wGU 
:GtrwGc[ ;f cwbN:-. ANN th:-: cItk;It- U:v,wt: th: cIrr:Gt  ;w ,G th: b;f mvwll-, wGU mwj I:t th: wppl,:U h:lU 
t; p:Getrwt: ,G-,U: th: -h,:lU:U :Gcl;-Ir:. d; m,G,m,l: th: ,GɽI:Gc: ;V U;;r- ;G thc -h,:NU,Gy :fic,:Gcyy w 
-p:c,wN j;,Gt mwt:r,wN, ;r yw-n:t ,- :mpN;y:Uv dh: mw,G f[wtIr: ;V -Ic) 11:N:ctr;mwyG:t,c yw-n[t" ,- w l:ry 
y;;U ll[ctr,c c;Gtwct b:tw:[G th: U;;r r,m wGU th: frwm:. A h,yh c;GUIct,l,tj ;f th,- c;Gtwct hw- t; b: 
mw,Gtw,G:U :v:G ,V th: p;t:Gt,wN U,ff:r:Gc: wcr;-- th: j;,Gt ,- w- N;w w- a flw m,cr;,·;Nt-. At th,- -twy:, ,t 
-h;INU b: n:pt ,G m,GU thwt :v:G w th,G Nwyer ;V ;f,Uwt,;G ;r yr[w-: ,- \I,t: -Ific,:Gt t; pre,:Gt w IG,f;rm 
 ;w ;V th: ,GUIclU cIrr:Gt thr;Iyh th: j;,Gt. 

�crtw,G mwnc- ;V th:-: j;,Gt- wr: y;NU pNwt:U t; :l,m,Gwt: ;f,Uwt,;G, -;m: ;th:r wr: mwU: ;V hwrU b:ryll,Im­
c;pp:r wNl;y ,G f;rm ;V :lw-t,c "hGy:r-" mYh,ch -crwtch th: wUjwc:Gt U;;r pwGeN wGU r:G[w th: y;;U :l[ctr,c 
c;Gtwct wt cwch cl;-,Gy wGU ;p:G,Gy ;V th: U;;rc 

Sh,:NU,Gy -tmctIr:- mwU: ;f -:pwrwt: -,Uc pwG:l- hwv: t; b: w[lU[U t; :G-Ir[ th: r:\I,r:U y;;U c;Gtwct 
b:tmY::G wUjwc:Gt pwG:l-. A- wG wlt:nwt,v:, c;mm:rc,wlly wlw,NwbN: -:wm- cwG b: I-:Uo dh[-: hwv: b::G 
U:-,yG[U t; mw,Gtw,G w h,yh g;GUIct,v,ty [l:ctr,c c;Gtwct b:twe:G p:nnwGeGtlm b;GU:U pwG:l-c 

A h,yh \IwN,ty :lectr;mwyGet,c -h,:NU f;r I-: ,G th[ HV ,mpIN-[ t:-t Iwbarwt;ry -h;IlU b: chwrwctlr,l:U by 
-h,:NU,Gy :4ic,:Gcy ;V 70 t; 80 UB f;r th: eN[ctr,c, wGU 50 t; tO UB f;r mwyGet,c h:lU c;mp;G:Gt. dh,- 
-h,[lU,Gy [4ig,[Gcy -h;INU b[ mwiGtw,G:U wt l:w-t Ip t; a f:w m[ywhertlc 

D:-,yG wGU t:-t,Gy ;f thl eNegtr;mwyG:t,c -h,eNU,Gy -tmctZrc f;r w c;mpIter c;Gtr;ll:U -,yGwN wc\I,-,t,;G 
-y-t:m f;r I-: ,G th: HV ,m pIl-: t:-t wr:w cwll- w -:r,;I- r:-:wrch :ff;rO, wGU c;-t ;V -Ic) w;rn r:pr:-[Gt- w 
-,yG,icwGt pwrt ;V th: ,mpIl-: r[c;rUlr pr,c: . 

t. CHECK FOR COHEENCE OF TIIE RECODED SIGNALS 

dh: pr;blem ;V G;,-: ,mp;-:U ;G m:w-Ir:U \IwGt,t,l- hw- b::G :ftcG-,v:ly -tIU,:U wN-; ,G ;th:r h:NU-� wGU 
-Igc:--fIl -,yGwN pr;c:--,Gy meth;U- t; w--:-- th: ,nlIeGc: ;V G;,-: hwy: b::G ir-t ,mpN:m:Gt:U ,G wc;I-t,c 
m:w-Irlm:Gt-c xGl ;V th:m, r:ferr:U t; w- c;hlr:Gc: fIGct,;G pr;v,U:- wG ,GU,cwt,;G ;V th: wr:w- wh:r: th: 
,Gyr:-- ;V G;,-: mwU: th: -,yGwN pr;c:--,Gy n;t rlN,wbl:. dh: c;h:reGc: fIGct,;G ,- U[r,v:U r;m wNN th: t,m: 
U;mw,G r:c;rU- I-[U ,G the trwG-f:r fIGgt,;G cwNcINwt,;G. A--Im,Gy a l,G:wr b:hwv,;Ir ;f th: :fwm,G:U 
w,GU,Gy, wGU wG ,U:wN, G;,-:kfr:c m:w-Ir,Gy -y-tlm� th: c;h[r:Gc: -hwNN b: :\IwN t; IG,t˿ ;v:r wll th: 
wGwljleU fr:\I:Gcy bwGU. 

dh: c;herlGc: fIGct,;G y2 ,- cwNcIlwteU w- w \I;t,:Gt ;V th: cr;--kc;rr:Nwt,;G- wG\1ì12 wGU wIt;c;rr:lwt,;G ;V 
thc wppN,:d laltwy: Gff t,m[- wIt;c;rrlNwt,;G ;V th: G[ItrwN t[rm,GwN cIrr:Gt Gyj· Į

y2s I Gˮy 12 u Gff * Gymȃ 

mrh:r:: 

Gffs:JȞȐ2/G, Gyys:w!wőéGy wGU Gfys:JU*llfG. 

!G th,- [fpr[--,;G U U:G;t:- th[ fr:\I:Gcj -p:ctmm ;V th[ r[c;rU[U l;Ntwy:y U* ,t- c;mpN:f c;GjIywt:y I ,- 
th: G:Itrwl t:rm,GwN cIrr:Gt -p:gtmm wGU G the GImb:r ;f -ct-. AG lfwmpN: ;f U,f4[r:Gt rec;rU- ,- -h;wn ,G 
F,y to !G th,- :fwmpll Gs3c dh[ cr;-- c;rr[lwt,;G ;V thr:: t[-t r[c;rU- ,- pr:-:Gt:U ,G F,y 7, wGU th:,r 
c;hcr:Ggc ,G F,y 8c dh: yrwph r[vewN- w yrwUIwN r:UIct,;G ;V c;h:r[Gc: wb;l: -1.5 v�Hl, wh[r: th: trwG-f:r 
fuGct,;G -hmr- mwj;r U,ffcrlGc:-. 

!G th,- :fwmpl: th: m:w-Ir,Gy c,rcI,t hw- b:lG pr;p:rlj -h,:lU:U wyw,G-t th: :N:ctr;mwyG:t,c ,Gt:rf:r:Gc:, 
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wGd thc dGyHHwl rcc;rder \IwGtGlwOG;G G;Gs[ hws b[eG Hhe pr[d;CHGwGt s;Irce ;4 err;r. 

H;we,er HG CwGy prwcOHcwl sHtIwOH;Gs w trwGsGeGt electr;mnyG[tGc HGter4[reGce cwG eGter the mensIrHGy 
cGrcIHt wt the dHvGder l;w l;lHnye wrm4 ;r peGetrwHe thr;Iyh the c;wfHwl cwble shewth wGd the dHyGtwl rec;rder 
eGcl;sIre. Idewlly, all thes[ devGces shwll Je pr;tect[d by w per4ecH electr;CayGeHHc shH[ld, bIO HG rewlHt˰ Hts 
shHeldHGy eiicHeGcy decrewsls wHOh re\IeGcy� 

IG c;Gs[\IeGce, hGyh 4re\IeGcj c;Cp;G[GHs ;4 thc trwGsHeGO HGHer4[reGce held cwG peG[trwte the CewsIrHGg 
cGrcIHt ˣGHh lesser wtteGIwtH;Gz dh[y Cny e44ectHl[ly Cwsn the CewsIr[d sGyGwl specHrum nO mIch m;wer 
4re\IeGcy thwG the lGCGO Hmp;sed by the dHyGtHler \IwGtGlwHH;G G;Gse. UsIwl pr[cwItH;Gs OwneG t; redIce the 
GGter4ercGce HG the c;G,eGtH;Gwl, wGwl;yu[ HV HC pIlse mewsIrHGy circIHO wre G;t sI4icHeGO O; eGsIre wG err;r 
4rce dHyHtwl rcc;rdGGy wGd pr;cessGGy ;V HV trwGsHeGHsc 

AG;ther exwCple Hs pr[seGHed Hn FHy 9. dhe trwGs4[r 4IGcOH;Gs ;V 3 rec;rded HCpIlses sh;w s;me dG44ereGces 
nb;ve i. 2 MHlc ȩVHth;IH nGmiGy the mGCHts ;V Ohe CewsIrGGy sysHem thHs w;Ild cerOwGGlj lewd O; s;me 
dHscIssH;G reywrdGGy the \Iw¿Hty ;) the t[st ;bjecʨ, here w 735 nV, i50 MVA trwGs4;rC[r. dhe c;hereGce 
4uGctH;G clewrly sh;{s Ip thwO wb;ve 1c 2 v�Hl th[ \IwGtGlwHG;- G;Hs[ ;V th[ dHyHtwl rec;rd[r Hs the 
pred;mHGwGt s;Irce ;) [rr;r. AGy calcIlwtG;Gs wb;1e thwO 4re\IeGcy wre G;O relHwble. 

A CewsIrGGy cHrcIHH {HHh w p;;r shHe¿dH-y wGd HGsI4icGeGO baGdwGth Hs sh;wG HG FHy i0. Clewrly 1HsHble s;Ce 
G;Hse peGeHrwt[d th[ sHyGwl eveG wt l;Ý 4re\IeGcG[s wraIGd w00 ¾Hln dhe 4re\IeGcy lGCGO ;V thwt cGrcIHt lHes 
wraIGd 700 vHlc 

Fr;m the practHcwl p;HGt ;4 1G[Ý, tɤe l;w c;her[Gce shwll ba c;GsGdlr[d ws w wwnHGyo dhHs wwnHGy teils th[ 
Iser thwt he hws t; GCpr;1e hGs yr;IGdɦGy wGd shHaldGGy smsteC, H4 the c;hereGce Hs l;w belmv Ohe 4r[\IeGcj 
wO whHch the \IwGHHlwtH;G G;Hsa sHwʈs t; Cwsn the sp[ctÄnn ;V dHyGtally rec;rded sHyGwlsc 
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Fig 1 Bandwidth and spectra of different measuring devices and lest impulses. F\V ull \vave lightning 
impu ls: i. 2 �ts u 50 �s, C\V chopped wave (chopping time 4 �s), FO\V front chopped wave 
(chopping time 0.5 �S), Shunt typical HV mea�uriug coaxial shunt, Div. t�pical HV capacitivc 
damped iqpulse divide�, Dig. Rcc. typical uV digital recorder (HIAS). 
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6Ueh 

Fig 2 HV im pulse test set up. IG impulse yeGerwO;r, ĶCG chopping gap, TR transformer under test, D vyl�­
age divider, SH current measuring shunt, DR digital recorder, CC coaxial cable, Ugnd valtage drop 

on the ground mesh impedance, Ignd capacitive current collected by the ground mesh, 6Utiv and 

6Ush potential diference betwcen an input end of the vyltage divider and shunt cable. 
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Fig 3 Repatition of the ground current between the ground mesh Imesh, and the coaxial cable shield cur­
rent Ic. A conducted interferencc Uc corresponding to the valtage drop on the coaxial cable shield 
resistance R511 due to a part of the ground Ic lowing in this shield Uc=Ic *Rsh· 

Fig 4 Interference current induced by a capacitive coupling. 
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Fig 5 A discharge af the im pulse generatar capacitance thraugh the chapping gap (ar the test abject) results 
in an oscillatary current, which circulates in the discharge path laap. A magnetic ield induced by 
this current impinges an the rccarding instrumcntation. This magnctic ield u induces, in turn, an 
interference valtage Uind in an electronic circuit af the digital im pulse rccarder. This valtage attains 

-50 V in a board af A=O.l m2 area. 
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Impulse test on power tronsformer 47 HV� 3 ph. 

Record of 3 full test lmpulses: #25. 25 & 29 
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Fig G Three recards af full and reduced level testvaltage and neutral current. 
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Fig 7 Cross correlation of the �oltage and current records. 
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Fig 8 The transfer function calculated from the three sets of records. 
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tig 9 Transfer and coherence f�nction of a 150 MVA transformer, 735 kV, 1 phase. 

Coherence af twa impulse test records 

Tests at the full an. re.uce. valtage Ievels. 
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tig 10 Transfer function calculated from the Yoltage and current recorded at the terminal X. 
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