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ABSTRACT

This thesis presents design and construction of a current transducer (or Rogowski coil)
which employs with a passive integrator and a compensating passive integrator for measuring the
impulse current waveforms. The gain (the ratio of input current and output voltage) is set as
1kA/V. The Rogowski coil was designed and constructed to have an inductance of 5.5 pH. The
passive integrator consists of a resistor and a capacitor, of which values are 2 kQ and 0.1 pF,
respectively.

The measuring system has a frequency bandwidth of 750 Hz to 2 MHz. However, when using the
passive integrator in impulse current waveform measurement, the time to half value of the
impulse current waveform is always shorter than the actual waveforms, this leads to developed
compensating passive integrators to overcome this problem. The compensating passive integrator
are designed and constructed to be 3, 4 and 5 states, and consist of resistors and capacitors. For
the design of the compensating passive integrators, it is necessary to determine to the proper
resistance and capacitance. The current step signal is employed to investigate response time. The
combination of the Rogowski coil with the compensating passive integrators, then, are used in
measuring the impulse current waveforms. The result shows that the developed measuring
system can measure the impulse current waveforms precisely when being compared with

simulation results with wavefront and wavetail times in accordance with specification in standards
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T, 1.25(tg00s - t109) (2.1)
T2 = t50% (22)
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YAaIneglueINe AlaruruwUENTENIUIWEN 0 IAUY ANENN1SN 2.4

|
B, = BH = R 2.4)

> ad A Y oo ' o a & )~
DVAAIAUNUVNAUIRNALNINU A UITUIUTOUNKUA N F9ULazIAINNE1Y | 98d1U1509%1

ANNENFNINIUARDIVAAINLA MINAUNIST 2.5

HoAl
I

(2.5)

"ﬂ’]ﬂﬂ{]“UENW'lﬁ’]LG]EJ ANUITONIATUTIAURTEIVNUUVAAINIUIU N Soulanuaunisi
2.6



dl
U@ = - (2.6)
() "

Taef M AD AMUNALEIU 1TUTENINVAAIALSNONANAURIU NIUNTLLE Ipiwamummaumi
2.7

N 11, A
M = % (2.7)

LAYENNITOVINTLLE Ipﬁlwamuﬁ"gu MamuannIsn 2.8
I, = € j U, (t)dt (2.8)
M

giulannsianszuaduiaalaelvvnainlsnenaniuagnesm n1sBuURNIALTIR LT IU

aAa X Y] ~ X ‘o ! cs' N
mﬂmmiuﬁumam I@EJGUU’W]LLN@UW‘UEJ’JU wzﬁmaqﬂummwmam (7)) Augun1sn 2.9
1
V.= = j U_(t)dt (2.9)
T

1ng H fo mnuwsauiuusivin (Magnetic field intensity) (A/m)
B Ao AMUMLILLNALINLLIMEN (Magnetic field density) (Wh/m?)
U, Ao Wesininduinsveaina (Permittivity) (F/m)
A fe fuitmndavesuaain (m?)
N #e 9 TwuseuTnaIAaLa (turn)
| A9 ANYIVBIUARIN (M)

M f9 A1eUteId $IUSERNUAAIALSNaNAATUS 11U 19IRswalrnaniy (H)
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2.3 2995Bufitnsauuuidassnu (Passive RC integrator)
'miﬁuﬁLﬂsmﬁiéjgﬂmmi%mui‘mﬁ’wmamima%laﬁ ilounsningundunszua

Suttad Tnolonm nusuiufunaslsnewdnuaim Wiinuauanuaty §9esduiings

LLUULSasmuﬁ%gﬂa@ﬂLLUULﬁamﬁmﬁﬂisﬂaummﬁﬁmm Tnsaauadadsaunnil

ANMAUAIAIINIEIAIYD43935 (Time constant : 7 ) lagdlnsasauyanail [2]

i AN

Vin

|
|
<

v
o

E‘U n 24 NﬂsamamamwsaummmLLUULaazmu (Passive RC mtegrator)

NANUFUTLSIANNNST 2.10
1 ¢.
Vau® = Ve = it (2.10)

Wen nsdsulveglusuvedauuuninud wwlanmuaunisn 2.11

I (s)
V() = =S (2.11)
ot (8) C
PNANUFUTUS AUEUNNTT 2,12
V.() = Ric(t)+V. (1) (2.12)

len nsideulveyluguvedlaummanuiaglanuaunisi 2.13

V.(s) = RI (s)+' (S) (2.13)
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NEUNITN 2.11 wag 2.13 aunsaeuduianduansleulamuaunisn 2.14

VOLI'[ (S) _ 1

= — (2.14)
V. (s) sRC +1

uaziloA1IUMIAIANDGA (Cut-off frequency : f.) va919asa1m1saawIalanuaunis

fi 2.15
1
fo- (2.15)
2zRC
nauNsT 2,15 ansnsouansauduiusladesuil 2.5
V,/V,, »
— > f(Hz)
° 2aRC

5UN 2.5 HanaUANBIANATDINITBUNINTALUURBEATY (Passive RC integrator)

2.4 1995UNNTALUULRDE9IUIALBEAT (Compensated Passive RC integrator)
nTgyyinanuiluund 1 1un anaalsnawafinieusmAuNTBUNNTALUY
d‘ a ¥ ' d‘ d‘ ytv d' a v < > ¥ a v d‘q
Wegnuilveunnsasnmsilewunlyinguadunseuaduiaaiamininnsiniil auag
lusnuenlurieveaniendu Aukalddlaninisusuureesduiinsauuuidessuln
nangidurasduditnsaiuui@esuearen Wedsuugslunsingsiainspauiuuue
wazgnnaw Ny lagluing1linuslaninseenuuuinsduniingnwuulleguyasenil 3

wuuRIn LUl



1. 29950 UMLNTALUURDEIUIATEAT 3 TU
2. ATDUNNTABUULRDLIUTALAT 4 U
3. MNITDUNNTARUULRDLNUTAYAT 5 U

1983995 UNTIRUURRENUYAIEANNTUA1Y Iakansgun 2.6 B9 2.8

o
A
R3 R2 é R1
v R5 R4
in —NVW— WV 0
& == ==i IVO

|
O 0

5UN 2.6 1995BUMNIALUUIRRENUYALYEAT 3 TU

o
A
R4 R3 R2 é R1
v R7 R6 R5
AW o
- C ==C C C I v
v (o]
O ]

JUN 2.7 19958UMNIALUUIRRENUIALEAT 4 TU

éRS éRﬂr é R3 R2 R1
R9 R8 R7 R6

Vin | AAA—AAA —
l —T C C _|_c _|_c IVO

5UN 2.8 1995BUMNTALUUIRREUIALYEAT 5 TU

12
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1995BUNNIAUUULADENUTALYEATUUUTUANY ATNANBUAUBINDANUAAIUTUN 2.9 B9
Wunsmelvaunsanevauewenisingurdunssuaduiaalafau nilnaiunsaianisai
YBINTEUABUNAALND8199NADIUINTU 1HBINTAIUNAANITAUINAUT LI VLNV

s a
2IAUTENDUAIUD

V, /V,,
#

7 > f (Hz)
fi —
" 2aRC

gﬂﬁ 2.9 NARBUEAUBIANNDVDIINITOUNLATALU UL UTALSAN

2.5 m3danszuadunaddrsunaialsnavafiiuiulsesduiinsawuuidesnu
nyinnszuaduiadnisunmalsnenaiuazisasduiiinsaulunusasutu aunsn
Y1NN9M9993RATUT 2.10 %alﬁgmmmmmﬂmmgm IEC 62475 uaglunisingunduia
nszuaduiaduiunowMslieTemesaUseneuauivegunsaiiommssanuuln
aﬂﬁﬂizﬂ@maqqﬂﬂiﬂji’mﬁu ﬂi@‘uWQMEN?;‘UizﬂaUﬂ’J’maeﬂaﬁgﬂﬂ‘éUﬂizLLﬁ%Mﬁl@éﬁlQﬂf\]w/l 1
N33 ﬁﬂﬂfﬂﬂﬂﬂ’ﬁa@ﬂLL‘U‘UQ‘Uﬂiﬂjijﬂﬁ?uﬁ’mﬁm/ﬁ’e)\‘léUi%ﬂ@Uﬂ?ﬁNﬁﬂﬁﬂﬂﬂ%ﬁﬁ?EJIEJ‘L!
(Transfer impedance) Ingn191nn15v12995auyavedgUnIniin La2MINNT ATzl

neandmnssuinniiemleduanglouvesssuuinlagiasauyauansusuin 2.11
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v(t)

UM 2.10 N15AARIUARINLSNONKALINTBUTINTH

L LR R;
Vin Vi 3 Rm C1== Vo —
g U
Rogowski coil Integrator DSO

JUM 2.11 2995a03aY0URRIALSNaNARTINAUNATBUTINTALUURBY Y

Wanduneleuvesunalnlsnananidulusuaunisy 2.16

VOUtl (S) — Rm (2 16)
Vin] (S) SL + Rm .

Winduaielouvesrsasdunnsadulauaunisi 2.17

Vo) 1

= — (2.17)
Vin2 (S) 1+ SRC
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Wewan Vo, (s) fawmiu V,,(s) meduazlaaunisn 2.18

(P
Vouz (8) _ LRC

Vinl (S) (S+ RLm)(S+ Rlc)

)
(2.18)

> di,, () d o a¥ a4 n” o
waLilesann V., (1) ZMI(ni—lt() dlemnsiasulneglugUlamunnudaslaaunisi 2.19
Vinl(s) = SMIinl(s) (219)

NAUNTN (2.18) wag (2.19) zlaAnuduNUSAIUANNITA 2.20

(sMRm)
V_ (s
IOUIZ(( )) — R LRC 1 (2 19)
(s
int S+—")(s+—<
( L)( RC)
TnednsIN15v8e (Gain) PRI UUIANSEULaB LI Rda5 15 aM AR NEAL NS (2.20)
L
i = —— (2.20)
Gain nRC

Wi L/n T00U M A9UULaILaY N AD 9 1UTIUVBIVAAIA (turn) wandluaunis (2.21)

Gain = o~ (2.21)

FIAUNTOUAAIHANDUFUD I NNAIIUDVDIVAAIALTNONEATINAUINRTOUNATALUULRBY 9

lassguil 2.11
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5UN 2.12 HaneUaueinuiveUnaInlsnonansINiuRTBulnSALUUIRREIY

2.6 AUANLIIAULAY (Lightning arrester)

fusnidsavderudnnindugunsailsUsstunssiuiu Tasladesiugunsniandy
warsIAune lown vioudaslinn wndesdnsnalulvih Audniasassmensouayiugunsaiil
pesnsUesiy fusnidsaasUsznaumeianumuitladude R, (Nonlinear resistors)
faflauruduaisoanlenveslans (Metal Oxide) Tdnwaziduununaunsinaunszuen

Uszneunseglunszuenawiuddlananslalugun 2.13

gih'?i 2.13 fusnmEfite 5 kA
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Tneamspuitlslunsersdamiviudndsandesudniimn fe IEC 60099-4 Taed
Heelunmsvadeuiitieivesiunssuaduadronisnadeunsunsvmae (Residual voltage
test) Fslumsnnaouila 'uﬂuéjaﬁmgﬂﬂ?{umzLLaﬁmﬁaégﬂLwUéNq Tuivendnusiauiiazue
nanfufissnsnaaeuussfuanieamsunadeuiudniiniiiide 5 ka Tasannsgule
n munnsmaeuluhreusunundelasedl (7]

1. VAEOUMENITUEBLWAANNT (8/20 ps)

2. wmaaw?wmmaﬁuﬁaé@a (4/10 ps)

3. MAdEUMENITLABUNAaMAAALTY (1/20 s)
Tnsumsgrulanmusluvunedunazndinduvesnseuaduiaaiuinininisageuiian
Fameluil

nszuasuaan N (8/20 us) Mﬁm%uagﬂuﬁmnmmﬁu 7 us D99 ps Laguas

AR 18 s 89 22 s

ﬂigLLaﬁmﬁaéqa (4/10 ps) Mﬁﬂﬂﬁluagﬂwﬁammmﬁu 3.6 us D9 4.4 ps LagNad

ﬂﬁl‘u 9 us fe 11 VIS

nssuEBuNaauAaUY (1/20 us) wﬂwﬁua@uﬁama%ﬁﬁu 0.9 yus D9 1.1 ps wag

NAIPAUUBENIN 20 s



unil 3

nsPRnLUULasUIENaUEsNq

Tuunillananfsnisesniuuuazdsznougunsnrinfiuilulesanssuaduiadsuuuy
7199 qﬂﬂsaji’m%ﬂﬂszﬂaulﬂg’;mmmmim@%laﬁ 21ATBUTNTARVUIAD891U WaY29DT
SuﬁmimLLUUL?iammsmwamLLagu,ammamﬂmimaamamauauaw{agﬂﬂ?{wﬁu’uﬁaLﬁum'ﬁ
ASITABUNTABUALDINDLIAN

3.1 sUARUNTEUABIWARLUUAN Y AUNIATEI

Wasnszuuinfignasisuauazimuduiulagnuianleianssuaduiaauuuy

=

AN99 AUNIASEIY IEC Aetiudsanfgydunuusn feadunemsuieguadunseuaduiaad
A1U1509N218839A8WITNIINNANFUN 3.1 Feusznoumesniuuseq FmunuLagdi
=i . . = A a o ‘o & a o ¢ ¥ 4
wilgaun (RLC Circuit) laglinsiananavasguanunszuaduiianansil nszuaduiaanuinau
Hu (1/20 ps) nszuaduiiaaning (8/20 ps) uaznszuaduiiaags (4/10 ps) lngasausznauil
LaAINaTUNNTUN1INNNTAaelaglalUTuATUNIIABNAILADS ATP draw Uag ORcad
Program A9duTanInaseluuaeguAiunseLaduiaasuuuuniag ausui 3.2 uaz

paAUsENRUANATEIFUARUNSELABITaATUL LAY AagUT 3.3

Il
]
N

g1

5UN 3.1 1asasegunaunseuasuiaaainlusinsy ATP draw
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5UN 3.2 sUndunTELARNRaLRSTIY

5UN 3.3 asnUsznaunudvessuafunsTLaBuiRaNInTgIu

lnguauninanudveaaalsnevlaiiniuswiuiBuiinsnuanslugun 3.4 &

welananibluuniiass
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JUN 3.4 uaunieanudvesssuuianuszneulumeunaalsnenaiuaz199sdudingm

N1590NLUUTEULIATNINGUT 3.4 aunsauwuslaidugesatunanifeluaiuninis
LﬂumsaaﬂqumuﬁammﬁqﬂmLﬂumﬁaaﬂLmemmiiﬂa‘WaﬁLLazluaauﬁaaaLﬂums
DONBLUUNAURIANURN LU NLALIVDINUNITDDNWUUFIDUTLNTALUUDEIIY TIbUNTS

panuuusruUindiudnvesulunmsesaniuuaudligeney

3.2 nMseanuuuLazUsznauds1sunalnlsnanan

mﬂaqﬁﬂwﬂaummﬁlmaqgﬂﬂﬁ'umgLLaauﬁaémiﬁmwlﬁdwmmﬁqwmaq
svuuiatiumsiitauneaudiinnainn 1 MHz esannssuuiailstuduanoinidass
ALY RG 11 é’faﬁ?uﬁm‘jmmmgmmuau@ (Matching Resistance) W1/ U 75 Q

Tunrseantuukarysenouas1aunainlsnenanianidu 5.5 pH s ludianuauning

ANURIAUERAN 2.63 MHz lagaunsgnuansluaunisi 3.1

R

f, = —m (3.1)
2L
75
fw = S
27(5.5x107°)
fu = 263x10°

TunseanwuulngvnainlsnanailywnuaInAns aTuatu luduwnuwdn s aans

'
=Y

funwananiilesannidlslaaiuiidulnumannseansiuiniivantulilainnn s naduwaad

= a U a a = < ! ¥ a o g <
flvunasdnadinisiaeuslasiisinsiluanun "iardnswannanaielusnumdniduime
TmAnnsdusdwilnluanusaindyaale Aluwariagusetuaiuindanu wiluduwny

ypadatiiolylunisiuunalntuionszauwdn Inenszawdndlnuautined Tanuuduss

nunu s1agn wleee wasdutanilulyasuumén
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maaamwwmam‘lsnaﬂaﬁLﬁulﬂmuﬁqgﬂ‘ﬁ 3.5 TagUNUIAAIAN DINATEATHOAGA
Junsamesess (Toroid) sonuuulnsnmuslndaiaduiissozmfu 3 am. Sefheueni
SypzAy 10 cm. seiliteavaanlunsleauiwnisesnuuulaganunsavsuunuiiont
n1smaesanglula ﬁ’ﬂﬁuLLgﬁqmﬂﬁU%’wgaLLazaamLUULLﬂumugUﬁ 3.6 Samlndifadias

LAUAIANUIUWNAU 4 cm. BagSATNDLAUANUUBNMIAY 9 cm.

JUN 3.5 unuunaInvilan n15eenkuy

3cm

3UN 3.6 sverimlannyaguenatatanaulsluuaziauen
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3.2.1 MINUINaIN

Tnonisiuanainvesanalnlsnonaiduinsiunuuiimesed nanadeiionu
ASUTOUAINIIUIUTEUTIRBInIsuatandunesilanendsgeunduiviunlursans iy
LﬁaqmmﬂLﬂumsﬂaqﬁ’ué’mmmiumumauaﬂ‘w ﬂﬁé’cyagmﬁ"‘f@lﬁ@iﬁmﬁmaémﬁ@‘wmm

TunsesnuuulngsyuuindnmualudaiuiuseuvosunaIn iNuseULALINTY 26

58U 3 1haAANUWTleIN 191NAB5.5 U LansdsIun 3.7

5UN 3.7 nsiiuvaadn
Tunisusynevanalaeensdswinuusnieg anfinanuvisuduswmeluil nsea1wdn
¥ a 2 A = o ¥ _
wazaaamduaislnnuauiueiawdafiewiniimuamunazdnuiguauwnula Fgn
winlenslunisusenavasisvaadalsnevland wanddusun 3.8 uagnin1sinaAiAly
willeau Angluasesinaauwmiley (RLC meter) auguR 3.9 Wardunstudunavesan

~
LAUYIU N
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5UN 3.8 vaadnlsnenaniv 1nMsUsenauaTady

5UT 3.9 nsinAuniledu veswnadalsnenan

322 nansrasy (Case)

AafimnoifiuAnuamulaza Ll s wesnadnlsnenaifensifiudananly el
ieidunisussiuaudusuiiesunainnseaednluaiuisanuanuiuladniailesinng
mzww’%aﬂigLwlﬂasmi;uLmmmﬁumsﬂﬁﬁmmmmgmLLazL?istaasmwﬁﬂlg Fatuuan

JendumesnisesnuuusazUsznavassdantuiiaidunistesiuamvauiau Inedanily

De

[

lunsusenevasluiniufe ununataln (Plaswood) AleamadRveILNUNaEANATL
Na13A0 AANMUAMURBANTNAINYY NUABNITHNTBUTIAUAUNBANTLATIYTAATAY D19

WU ATALALAZIUALN F095UN1TnTzUNnlavuIanils luddyniannuuasnies MAnn15a1n
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nsinv3enu wagluinioslany wagdaniiu Winnun wagaiunsan 1NFin MU Hesuas
a Y C I P Yo ' ' YA ' v A & ' =
gaangmienIadiiovtlaesnsne wagluaiuaameoludutagiduaeln ununaiaynds
Wumadenivuilelunisasinassrasusnunainiaglauaniwuuatassusznovasialy

SUN 3.10 warUsenNauas199san 3.11

Y

5UN 3.10 navsnapuvasvnaInlsnavan

5UM 3.11 NasanapUTRIYRaIAlsNeNanIUsENaUaT 9
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3.3 N1590NLUULATUTENOUAS192995DURNIALUULEREI

nsasszuuiafiunanlytedulalasnadnlsnenandmiusiufuiaesdudfitnge
U89 Immmmm‘liﬂaw%gﬂaammuLLazﬂizﬂa‘uaﬁ”’]qﬁ“ﬁyu%qgﬂﬂé’nl’;ug’ﬂuﬁﬁaﬁau
wind dalueeiiazidunanniinisesniuunazyseneuas e sauinsALUUEosY

NﬁﬁuﬁmimwuL?iaamulﬁygmmﬂ%imwui’mﬁﬁaamﬂ@mauﬁaﬁﬁmi

AOUAUDINOAYYIUTIATLAR DNVIEIUITAUINIMIIUTINAVVAAIALTNaNdRLaINI LN

Y

szuudatiduszuuianiitaumnuaNnelaen1seanwUUBURNTALUUR DU 1unDa
n3ulivesnlsenaunudnITeIgUAduUNTELABNTAAULUUAT9Y ANNIRTEIN IEC Fila
wanalIkadluiiive 3.1 fatulailou 19AamEsNaNENLALI995UIN 1aUIEN U8 waERT LIl

SUT 3.12

Y

Li 7R, R
1
YY) ) )\ A —
B0
Vin @ Vi s Rm Ci - VO
0 0
Rogowski coil Integrator DSO

5UT 3.12 2995vnmIalsnenansiuiuiaRsduilinsnwuulesu vila RC
TuN1590NUUUNATBUTNTALUULRBY T

Tuszuuinilan Mualrens1EILve8sEINenseaniuuin 1 kA Tutlavwm Anluy

Haveeniiussnuvuawiu 1V lngnuandhiluaunisi 3.2

V, M

G = T " RC (3.2)
_ 1

G = W

< L v
\Wesan M =FI®‘EJ L=55pH uag n=26 50U 1 i1 M = 0.2115 pH

M T
RC 10°
RC = (0.2115x107°)x10’

RC 0.2115x107
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nseaNKUUYBIkAUAINNINATassEULTRlagnuantliluiiven 3.1 mivaiuse

' ' do o ¥ ' =i
N MUAANIAIAIUDANRIATURN 1R ENATN 3.3
1

f, = (3.3)
27RC

ANAINAUMULAZATAUUTEIQNN TMUANBERTIEIUTEIBAINANNITN 3.2

1
27(0.2115x107%)

fL = 752505

flo=

=i ¥ o & A ag a ' do ¥ ! o &
NFUNITA 3.3 W TUNTWAs nanAeIdinudn TWnluAue YosTEuUIntulan
WNAU 752.505 Hz satiunarlun1seoniuuisasduiiinsaluuaesanulan maludiniuniu
= ' Y <@ a ! ' o [ & ¥
AANiU 2 kQ wagdaiuuseqlinlmiiu 0.1 pF 98931ntulanINITATIIEeUNANDUANDY
' a a 44' avy ¥ = ¥ K =
MBLIAIUBIINTDUNNIALUULRRE N LnBaNWUUTY Nalakansliluguil 3.13 wan1s
=4 yu ! a ! PN a 5 ¥ [ ! [ A g.j/
povaustituladafieaenseuaniduguaiutuanliluis swsialuansainguadiuiuy
lalnensiiunnassosq luduguadudu uneenalsimudieidunmsiuiouiisuidlaninig

DRNLUULATUTENDUAT IWLLﬂGNﬁQE‘Uﬁ 3.14

0.8

0.6

V [mV]

0.4

0.2

T [ms]

5UN 3.13 1an153 1aavesszuuinlaglyduiiinsniuuiesny
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5UN 3.14 19358UNTALUUIRRLNUTNIUTENOUAT AT

3.4 N139ENUULLATUTENDUAIITBUTINTALUUID BB UTALYEAT

21nhve 3.3 TumseenuuuuarUsznauasninasduinsnduniuideuninanans
pelUsunsy ATP draw 3em bmsurmnsaduresssuuialuannsatalanuanasgusei
FaflmsviusnaBuinmuuidosnulnduasbuiinmwudesnusawen nanfe
dunmadiuturensaslagladmumuuazinfulszaeluluims dedumafiuuauni
nevesauBdsaumvassruuialnunnty uanisidfisdululsasamalmanaiunaiu
(Over shoot) fatfusn nisnimalam "hnsmegvassruuinduiansdsunadluify
0.5% \ilpsanawmalnguaduiinlatufiniioull Inefhesduinsnuuuidesnusaireaid

aamwulmamslugﬂﬁ 3.15 014 3.17



R3 R2 R1
A
R5 R4
—— C p—s C p—e C

R5 R4 R3 R2 R1
MW
R8 R8 R7 R6
— C g C p—— C —— C — C

5UN 3.17 29958uiiinsnluURegnUYALEa 5 Tu

28



29

luniseanuuuidenaininumiuniukaza1dnivlszgimuizauandunesly
LUsunsu ATP draw tiegnisnevaussesgurdusuudnvauziiduinng lnewdnnisilyfe

1Y o ¥ = ! = ! a o Y Y =3 A
ﬂ’]i‘Uﬁ‘Uﬂ’]Gl’W]’WVWLJVl’EJElJJI‘Nﬂ\‘iﬂﬁNi%‘Vi’)’NﬂﬂsU’eNG]’W]’]u‘VWL!LLaSWJLﬂ‘U‘UiS‘ﬂq SUN 3.18 wang

Y

wsMsvaunsziagiuuuiy

FIIUNITUIANFINUN UL FUVDIIDTDUNLN T LU UL DY UIMTE AR TU

[ '
v a A

TuilSeuludail
1. nmualyAdInuukaazfdinnfuasmiaesifisgladaly (Fuainiedls
oenindy 100%)

2. n mualraniruUsgumazialanw e

] '
= a

3.1 mum’mmﬁamumwmzmwmﬁmagiuazmwwmLLmazﬁq

Y

A aa o & Y ! dad o ¥ ! ' a = Y]
L@J@@JLQ@UI?J@QULL@’JQQV] "ﬂ']ﬁ/i']ﬂ'ﬁ/]WV]?WVUENﬂ’]@]ﬂ]@qumquwaq53ﬂ’nﬂﬂﬂI@f‘JﬂJﬂ’]iLLﬁ@ﬂNﬁ@qN

q

sUN 3.19 TaefdTna1snuniuirunsaunantuilsamalufife 1181 i 39S Isundan

Y 9

WU 99.5% (tog s00) NAMIANNUINTIER

5UM 3.18 19331139 1@ensELagUtuleuvigunsuin



AUURA AR A UNIUN
R4 wag R5 WINAU
100%

A59@0UAIINULLAY 0.5%
BaZAUAILIAN B AWNUATIAN
LSIAUNINU 0.5%

yImMsUsuAIRaTUNTUTaa R5
1famnas 10 %

ns9daUATwsInulLiY 0.5%
LAZIAUALIAT B FILULTAN
B3P ULVIINU 0.5%

ANRINIUNIUN R3
waz R4 WinAu 0

% Viagviseli

AUATSHIY

3UM 3.19 UHUKIN5IHENANNATBUANIALUUIRBEUTALYEAT 3 TU

f529@0UALIINULLLAY 0.5%
HaZAUAIIAN  AIWUUTIAN
WSIAUMNNY 0.5%

AMAUA AR UVIIUA
wag R5 MNNU 100%

YIMMsUSUAIRIATUNIY
984 R4 Tvianad 10 %

30
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Rogowski Coil for Lighting Impulse Current Measurement in
Residual Voltage Test of Lightning Arresters

A. Laowhawatanaseree, A. Kunakorn and P. Yutthagowith

Faculty of Engineering, King Mongkut Institute of Technology Ladkrabang
1 Soi Chalongkung 1 Ladkrabang Bangkok 10520 Thailand

Atitmhao@gmail.com
* Low cost;
Keywords: Impulse current measurement, Residual voltage .« Nonintrusive nature (drawing no power from the main
test, Rogowski coil. circuit);
* Wide bandwidth

Abstract

This paper presents the design and construction of a Rogowski
coil for lighting impulse current measuring system in residual
voltage test of lightning arresters according to IEC: 60099-4
standard. The characteristics of the Rogowski coil shall have
wide bandwidth, fast transient response, unsaturation, and
safety. In particularly the Rogowski coil is used to measure the
high impulse current value (>100A) in the residual voltage
tests of lightning arresters, therefore it should operate with an
appropriate integrator. The transfer admittance was set to be
10kA/V. To validate the developed measuring system, the
experimental results are compared with the simulated results
by a circuit simulator. The promising results from the
simulation and experiments according to IEC 62475 standard,
IEC 60099-4 standard, and IEC 60060-1 standard have been
observed in all cases. From the simulation and experiments on
the developed system, it has confirmed that the developed
system has the accuracy and reliability in impulse current
measurement and residual voltage test.

1 Introduction

In general, low inductive resistor is employed for lightning
impulse current measurement. The resistor is connected in
series with the impulse current generation circuit. This resistor
must have high current capacity because lighting impulse
current has high value of current, then the failure of the resistor
sometimes makes the generation circuit open, leads the over-
voltage occurrence on the measuring instruments, and possible
makes damage on the instruments. Due to the Rogowski can
be a measurement device which measure impulse current
without any damages to the system. The Rogowski coil has
some significant features, which are very attractive in recent
years. Some of the main advantages are as follows [1]:

* Enduring high current without damage;

* Measuring currents in an extensive range, without
saturation;

* Easy to use, due to the flexibility and light weight;

* Excellent transient response;
* Safety (isolated from the main circuit, electrically)

Therefore, the Rogowskil coil is suitable for measurement of
impulse current waveform. Actually, the waveforms of
impulse current according to IEC 62475 standard have
the steep impulse current (1/20 ps), the lightning impulse
current (8/20 ps), the switching impulse current (30/80 ps).
For the lightning arresters were tested in residual voltage test.
The residual voltage test must have to measure the lightning
impulse current, according to IEC 60099-4 standard. In
addition, the developed system has a promising performance in
measurement of other impulse current waveform, i.e. the steep
impulse current and the switching impulse current as well. The
performance of designed and constructed Rogowski coil is
tested by comparing the experimental and simulation results
with the various impulse current waveforms in residual voltage
test of lightning arresters.

2 Impulse current waveform standard

The standard impulse current waveforms accord to the IEC
standards [2]. The lightning impulse current standard is used as
a simulation of current waveforms produced by lightning.
These waveforms are in the forms of double exponential or
damped oscillating functions [3]. For the residual voltage test
on lighting arresters is tested by double exponential impulse
current, therefore the simulation of impulse current could be
used transient RLC circuit to analyze the equivalent circuit of
the impulse current generation as shown in Fig 1. The impulse
current waveforms standard was simulated.

Fig. 1 Impulse current generator circuit [4].
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Where, V¢ = DC charging voltage
Ry = current limiting resistor
C = capacitor
L = inductor
Rsu = shunt resistor for current measurement
i(t) = Impulse current
EUT = equipment under test

The exponential impulse current waveform as shown in Fig. 2
is started from zero to the peak value in a short time, and
thereafter decreases to zero either approximately exponentially
or in the manner of a heavily-damped sinusoidal waveform.
The waveform parameters of front time (T;) and the time to

half-value (T>) generally is defined by eqgs. (1) and (2).

I(t)

1.01, P

0.91, /

0.5Ty | fo

Ole ,f‘ tio A tog tso t
- » h *‘ﬁ"—-"’/ i
*__.ATT T, = 1.25AT 1

1

T

Fig. 2 Exponential impulse current [2].

Ty = 1.25 (too-t10) (1)

Ty =ts0 (2)
IEC 60060-1 standard have four types impulse current
waveforms, 1/20 us, 4/10 ps, 8/20 ps, and 30/80 ps. The
acceptable value of time parameters has not to be more than
+10% of front time and time to half-value and the reversal peak
current value have not to be more than 20% of peak current
value.

3 Design and Construction

In this paper, the impulse current waveforms, i.e. steep, high,
and lightning currents were measured by the developed
Rogowski coil. The Rogowski coil is suitable for measurement
of the lighting impulse current and the other impulse current in
residual voltage test of lightning arresters, because the
Rogowski coil does not connect in series with the lighting
impulse generation system and also it was good transient
response. The Rogowski coil was made by coaxial cylindrical
plastic tube as an air-core. Normally the Rogowski coil works
with the passive integrator.

3.1 Design

In the design process and with the help of ORCAD, the
Rogowski coil with the integrator was designed to cover all the
frequency components of the impulse current waveforms. The
equivalent circuit of Rogowski coil with the RC integrator is
shown in Fig 4. The integrator has a function in integration of
derivative current (induced voltage) and the output voltage has
the same waveform as the measured current. The transfer
impedance is set to be 10kA/V because the lightning current in
the practical test is always higher than 1 kA. Therefore, the
selected transfer impedance do not provide the high output
voltage and the measuring recorder is avoided from over-
voltage.

L

Fig. 4 Equivalent circuit of measuring system

=

-

DSO

i®)

Where, Ry, is the matching resistance, L; is the inductance of
the Rogowski coil, R; is the resistor of the integrator, C;is the
capacitor of the integrator. The equivalent circuit is used to
determine the transfer function of the developed system, it can
be derived [5]:

Vcoil — s.-M
T L R
i L1C1.52+(R1C1 +31).s+1 +31

Hcoil = (3)

The resistance of the coil is very low and can be negligible.
Therefore, the transfer function can be rewritten as follows:

s.M

(4)

From the transfer function (4), the frequency bandwidth of the
measuring system can be calculated as given in Fig 5.

Fig. 5 The transfer impedance of the Rogwoski coil with the
passive integrator [5].
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All the frequency components of impulse current waveforms
(1/20 ps, 4/10 ps, 8/20 ps and 30/80 ps) were shown in Fig. 6.

Fig. 6 The frequency components of impulse current wave
forms.

From the impulse current frequency components as show
Fig. 6, the Rogowski coil’s bandwidth must cover frequency
100 Hz to 1 MHz. The design of the measuring system of
which parameters should be L is 5.65 pH, M is 0.35 pH, R is
36 kQ, Cis 0.1 pF and Ry is 75 Q. So, the frequency bandwidth
of the designed Rogowski coil is 45 Hz to 2 MHz.

3.2 Construction

The Rogowski coil is used an air-core by coaxial cylindrical
plastic tube and wiring with returning wire. The parameters of
the Rogowski coil is shown in Table 1.

Characteristic Value
Number of turns 16 turns

Height 8 cm.
Inner radius 15cm.
Outer radius 55 cm.
Wire length 390 cm.

Table 1: Characteristic of the Rogowski coil.

The inductance of the Rogowski coil was measured by the RLC
analyzer which is 6.13uH which agrees well with the design
value. Figs. 7 and 8 are shown the top and front view of the
Rogowski coil that was constructed according to the Table 1.

Fig. 8 The top view of the Rogowski coil.

73

Fig. 9 The front view of the Rogowski coil.

4 Test Results

The performance of the Rogowski coil were verified by
experiments and simulations to make sure the accuracy and
reliability. Three impulse current waveforms, i.e. 1/20us, 4/10
us, and 8/20 ps, were considered.

The experiment results of measured impulse current in
comparison with the simulated results were shown in Figs. 10,
11, and 12.

In the experiments on lightning arresters, the impulse current
in residual voltage test on a lightning arrester have two
waveforms, i.e. 8/20 ps and 4/10 us according to IEC 60099-
4 standard.

Fig. 10 The normalized 8/20 us impulse current waveform
(blue line is result of experiment and red line is result of
simulation).

Fig. 11 The normalized 4/10 us impulse current waveform
(blue line is result of experiment and red line is result of
simulation).
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Fig. 12 The normalized 1/20 us impulse current waveform
(blue line is result of experiment and red line is result of
simulation).

As the results are shown in Figs 10, 11, and 12. The time
parameters of the experiment and simulated waveforms are
agreed well and also acceptable according to the IEC standard.

Next, the lightning impulse current and high impulse current
waveforms on residual voltage test on lightning arresters are
shown in Figs 13, and 14.

Fig. 13 The normalized 4/10 us waveform on residual voltage
test (blue line is result of experiment and red line is result of
simulation).

Fig. 14 The normalized of 8/20 us waveform on residual
voltage test (blue line is result of experiment and red line is
result of simulation).

Waveform Front time Time of half-
value
4/10 s 3.9 us 9.35 us
8/20 us 7.625 us 21.20 us

Table 2: The time parameters of the waveforms.

The values of front time and time to half-value are shown in
Table 2. The lighting impulse current and high impulse current
waveforms in residual voltage test of lightning arresters is
passed, by the error of time is not more £10% according to
IEC-60099-4.

5 Conclusions

The designed and constructed Rogowski coil with the
integrator has good performance as expectation and
satisfaction. The Rogowski coil can measure the lighting
impulse current and the other impulse current waveforms in
residual voltage test as according to IEC 60099-4 standard. The
time parameters of the waveforms have errors that are less than
6%. The experimental and simulation waveforms are agreed
well. Good agreement has been observed in all cases. From the
simulation and experiments on the developed system, it has
confirmed that the developed system has the good accuracy
and reliability in impulse current measurement in residual
voltage test of lighting arresters according to IEC 60099-4
standard.
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