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Fig. 1.2. BCT installed in 3 phase bus bar
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Fig. 2.1. CT principle of operation
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Fig. 2.2. Equivalent circuit of CT considering magnetization
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Fig. 2.3. Vector diagram of CT
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o] 2xfell % (1) HATF AA ] WRT]oAs 19 2
A7 d¥= oA F (excitation current, [, )2 AN A3}
2nlE . YA A7) 7F FeEser 524 g9, wabd [ 9 [
Atolel z 7] 4§ WAk ©vh 1y BEe ARFTY 23k
B2 A4 dEol7] wFel 22 ARl oAxbdFe f7dA7E #o}
|4 TA TAVE HAE &=

>

2.1.2 891 2x} (Current ratio)

HF719 AbFe 2 HE ArtE = 1A 7T 2279 vlEs &%
ARE (K, )2k skl 23 WRniek AA 54" W1Rn(K) 9 2eol=

e 2ke} gk
K =k (2.6)
12
e=2"% 100 (2.7)
K
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Z wloabs AAA o= wRulg thaksd A4 ALg BrelA el
VL vkt @ebAeAE el Ameln et Aegs

2.1.3 W79 Ewrek A=

771 1AM H4d oet 24 F HAE BERE 5 e
AFE W4 A AN A7 5HS FHsith Az Rt
35 Al 23HA AFS HIse 54 Ad AVIE ¥R
(metering CT) &} AL WA )35 95t At AR/7HA S 617
el dF dGelAE 2shEA g 54S 2te AWrE Wi
(relaying CT)7} itk 1 wlol® A Ed3 @A W weh 3%

2

Al
A3 3 2.29F ol EFE 7 Uk

X 2.1 AAdE4 g HF77] &5
Table 2.1. CT classification according to insulation

25 Heln) Ao}
2] o], ¥ AL SUE
At
512 2=
2=y E;TX} 29t (6.6kV)
=
e =18 (22.9kV)
ool qels 22.91219;?5%\/
- [e)
i Bt SFs 7k~ GIS W7 Adn]
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& WiV B

¥ 2.2. A4 ol

Table 2.2. CT classification according to winding form

g A4 ) =2
g | L2ZF WOl B @ Aol | 13 A 23 o)
U [ AdE = o7 AdFAN 5 ¥5
el mofel Ao 23
e | DACl FASA 2 FHw | AT 54 45, 1Ak
SO0 @A 189 12 SA7} | gerst JE e SAlE o] g
Foe WE
A28 wRr|e] Aol | AN wHAL W 3}
we | U7 AR R | S4o] Fob AT 54
0T | Ase] e 1Edew | dEsht AdRelN 2
AL4-3H $3}

A71e WR71 A AN A% Ao ARES wrr Fds)
=437 & AR7E WFEAo] wa 2 W9 oS Qs
7k Yebuith WiR)e] ASEE wexte §ews x2a th2
T skal sl

¥ 2.3. ESB-145@3%t=) 9] A7|E HF7] AFE
Table 2.3. ESB—145 (Korea) CT class table

AR o} SRR

1.2 B—0.5 (12.5VA) + 1.2%

1.2 B—0.9 (22.5VA) + 1.2%

1.2 B—1.8 (45VA) + 1.2%

1.0 AE g8 + 0.3%

0.5 Y8 + 0.5%

0.3 AL rg e + 1.0%

11
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¥ 2.4.IEC 61689-29] A7]¢ W77 AF%
Table 2.4. IEC 61689—2 class table for metering CT

A @&}
A | A5G e
% A-™TF | ezt | e EG)
5 0.4 15
20 0.2 8
0.1 | 25-100% A5 A
100 0.1 5
120 0.1 5
5 0.75 30
— ] a)
25-100% 20 0.35 15 °=
0.2 <15VA A}k
1VA—-100% 100 0.2 10 =74
120 0.2 10
5 1.5 90
20 0.75 45 1ol g
0.5 | 25-100% cre
100 0.5 30 B
120 0.5 30
5 3.0 180
20 1.5 90 PRS2
1.0 | 25-100% -
100 1.0 60 =4
120 1.0 60
50 3.0 71718
3.0 | 50-100% _
120 3.0 =74
50 5.0 71718
50 | 50-100% .
120 5.0 =4
12
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¥ 2.3% 24% AV ®WF719 Aas A% = 4 (ESB-
145)¢F =4 4 (IEC 61689—-2)°]t}. Holx HFES wWF7]9

(VA)olt}, dntx oz 3 249 IEC 61689-29 7]+& &3}
2 ¥ 259 o] EFsa H LA 0.2% olUE Ed= 0.2%

=g
w715 AdHE, 019 WFlE 2EEs Ml §E
A

h=]
=R QFAA AT M E HFEOF AMRo] 7bed AU
M5 AAE SRR sk
¥ 2.5, ddtd AR/ ASxn
Table 2.5. General class table of CT
Al % 4
0.1% 9 WA 59 yo=
e A71E MR NPE EE
0.03 e 59 A9 ASE
0.5%
A= E
1.0% ARt A7E HEASE
Hlj A Wk
3.0%
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2.2 A7 AF7|N 9 AF A FF

AT WRre e 2 AEHe A F R ERE F
Atk st 2x ARE BAAZIZ] S 1x9k 2xF | Tl
FauRts A% FEA (mutual flux)o)al B shuE HF7] A4 B
o AiFdel o wAsk= A A (leakage flux) ¥ R/ AH
(stray flux)olth 74 &9 A9 AM 349 stz A4 14&
TdstA wkEel 2 dFE =9 Aoy xhH A5 Ae gF
Qole] s wAEy] wiEel 1x¥ < wiAlZE Erbeste] A
WF7] e Aste F Aol #nk [43]-[44]

a9 24% 1A ARe FEsHA 52+ oF ARdel g
WAt E Bh A% AEE EAS adoth xf A&5e HA
Ul g wifo] 93 weow =24 frk webs 13 AR
ofsf WA= A& A A& AR wel A&o] FUkskE it
aE s o] wAsHA dritt

———

=
F A7

a9 2.4, T AFo] WRFT] A A= IF
Fig. 2.4. influence of stray flux in CT core
14



Ef A%oE A% AW U A% HHPHS mex By
F8 99l Wk WA 9% ARAoVE WA Lh A5
Qe stetalr] el Ywkd WFY)9) 349 2D {92244 (fnite

element method, FEM)<& ©]&3t FX]3|4 o= 34 3|
259 2.6 &Ml AbgE WFrIeL wAnke 3Akd PO RA
A9 B e wel geje) A4e) 0.9mme] Fel Mg 193

»

A 10000:1 WF7lojvh. ofF ARdom QA AAC] FEFe
sHelskr] flsl 1¥ 2,63 @o] ALY wAanke] g %S {79
TGl BEAVIAL MRV FAHCRFEH o2 H WHAHe AYE
AT W78 A A 22 % 2.69 2

E 2.6. ;AL 7T HFT] A
Table 2.6. Specification of CT for numerical analysis

87 A718 W77
Ala 0.2%

# a1 ek 0.72kV
44 12 A5 10kA
A7 22 AR 1A

R 15VA

474 Fa 50/60Hz
I R ey
A A 27ph100 (POSCO)
AA, Wk A4 72
HA AA 0.9 mm
SIS 10000 #
AA B A AA
15
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10mm

«— 314mm ———

a9 25 MR A 34
Fig. 2.5. CT core shape

800mm

400mm/ /
- ‘
~ 350mm
10mm

% 2.6.Case 1 (%), Case 2 (LEZ) 9] HAanl A+
Fig. 2.6. Busbar shape in case 1 (left), case 2(right)
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15

——Casel

—&—Case?2

0.5

0.005

-0.5

0.045

-15

a% 2.7 FASA R ANE 23 AR

Fig. 2.7. Numerical analysis result of secondary current

1% 2.8.Case 1 (9%), case 2 (2E%)°] AAXF Ng 2
(D% AAT @122k Q:917%4=H
Fig. 2.8. Results of rated current test for case 1 and 2
(D:%rated current @:ratio error @:phase shift)
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® 2.7, 9 AFdae Aol wE vl extel Ak
Table 2.7. Ratio error and phase shift according to

distance from external current source

22} A H| @ %} [%] 1A 7]
[A] a4 e 34 N
Case 1 0.97 -3.31 ~2.94 4.4 1.0
Case 2 1.0 ~-0.200 | —0.0150 | 0.66 0.24
a9 2.7 FAEAE e FE glst 2xF dFolth W Avk
Aol 8] kAol Fol WMFTIQ oF AFEY A7t 7HkE case 19
A% A4 23 AFA 1Aske] zto]7}

2.8 3 2.69 AAME e AHAA WRTIe AY Aot AV

OHL 3 AAFEZA AA AE AF 12 98 AFEs dgsi

ZA3s7] g7l wWEel 474 dFA 10kA Herb  ]1go]

HAEAE ZAEET @QF vleatEA AA 23 die 45 E4%

R 27 rm%oﬂ *4 2.79] 46}0%
=5

7

Atk e & F v 19
Al
]_

e

1°

Al AR AS 2.1, 175“’11*% LT}B‘ R=o] A
W Al 7171 el oigh &AM e 5
ol &3kt siA Aol AE AE H]
o] v wanksle] AeE FE9 R i
1 ol A7 WFvld 7k AUt Y2t A
. 28y case29] Hlext HlE HW AE A S
A7y gEst zolg Hole RS & & Slud ole WY
A PR AARE vl Aol EAN 221 AR wAgh WgtE
gol  AAl wWistz] wiEoltth. webd  FXEA A WHoR &
Hl @ xk= AAl |77 A4S ddst= b ]

A7 2 Rew AZE

X
8

S

o

2

2

e
P

e 2 N2 go
aHo g
1o
of
o

r
30,
32
v}
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2.3 €= #AAl (Shield winding)

2.3.1 Flux equalizing winding

gn AAY Qo WANH wh Asow AT WeAE
Zol7] S8l thber A7k AEEd b e ARHgE B e
Fel wom WR AAE A% 9% AAE Adse Pl
[451-[47]. 7 F A4 A4S whE 9% AAS Asfehs el

o

ARFE =d] o] 45 Hdelgtar sk 19519 AjEE flux
equalizing winding 2ol Aste] vtA I FHE a4 v
A F 7k A ARE-E AL Sl [8],[48].
Flux equalizing winding®] 7]¥Z<Q dHel= 19 2.9 2t
< b

MEZe b el AL BE
) =<

(o
44

e AA7lEE SYFolw MR/ A

19 2.9. Partial flux equalizing winding

Fig. 2.9. Partial flux equalizing winding
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1 & flux equalizing windinge 1% 2,103} o] REE AAS
D5 wWE2 AFdsts wor AT HQo uEl HEgAS
H3st7] gal 4Eo] old ¢ W Ay B Algdles AR

[49]—[51].

a9 2,10, BE B PAS ¥E A4¢ flux equalizing winding
Fig. 2.10. Flux equalizing winding covering full range

connected in parallel

A A 29 flux equalizing winding®] 3¢ AAS we} 2=
EH AHFoRE 3 AR rigReE AA AS w38 AdF7F
52 Ha o] £33 AF= Ef A5 v W] zpEs A4St
I FEFS ST BH AEo] 522 g A e AHY 4§
flux equalizing winding®l] AF+= 24 o=t}

FRA WA o] FAAE BE FAE Aol HERE AAH] Q]
ol 3 77 e dAs Sl 25 7 A Ho AW B
flux equalizing winding®.t} eFdAdo] =} o] W2 AA HA4 ZAFE
JEl o] A9 flux equalizing winding®ll+= A7F7F 22 =t} [48]

(i
2
o

flux equalizing winding< <ol AF A npe} o] 23t
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A7 AFHE 2E £ S UE T3] 42 F 1 A 3 FelA F
T AR AAS H5H407 Halr] wwo s AX WA o R Ay
23E Al n15E AAE 5 Ao

A 771 84

S2

S1
a9 2.11. 22 A4 #2149 flux equalizing winding

= . .
Fig. 2.11. Flux equalizing winding separated from

secondary winding

Do

p

rd rd

S

1

Il

S1
19 2.12. flux equalizing winding& 22} #Ad¥ A3 +& A

Fig. 2.12. Flux equalizing winding combined with secondary winding
A4 e Aol

Hef o] flux
e Tk
=0 1A
A

99 474

2 7% 2.10

HTe] 4
ARg-sh [52],[53]. 1% 211 2
equalizing winding ¢ 7/N@Eo]t}. FAE Ao
A 2 Al BAE dekdo. P13 P2 & A4s
S1,S2 & d4dste Aol 2 @XAdolth 2 2 A

BAA L flux equalizing windin & 2 2} #
Iy &
A

PR
=

Aol
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Uz Bt A Ee] 29 2.10 ¥ 2ol ¥EE A4 9 flux equalizing
winding & WEHH 2 2} A s8] FE7t Hol e S & F
Aot skARF 19 2.12 9] A9 flux equalizing winding ©] 2 2} @413}
Az ddHo = Ae & 9,1% A o] W2as #3 @idolet sht
H WF7] AFel= A 2ol FE olgHM HFY €
AMdolgt 2 o] £ AME X]%‘S}—t— 37 B flux equalizing
winding #} ¥y¥F AQE ®2 FEstA %= A A 44
HFHE 9w57] 93 AX F7F 9= &
Azrol 7hssttkE ARlol vk a2y i RT
o wAanke] 7ol %
Yol "ddrt AdEE BAVF Ry e s

EARE AAsty] A FAEAE s
T 28% A rdo] =
HO

P we o

87 A7) M7
Al 0.2%
HuA 0.72kV
47 12 AR 10000A
47 221 AF 1A
qA 15VA
474 Fa 50/60Hz
4 g A s
A A 27ph100 (POSCO)
AA, Wank 44 T
A A7 0.9 mm
AR P wak A4
22
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Fig. 2.13. Cross section of shield winding CT
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19 2.14. 8% A WA=

Fig. 2.14. Layout of 8—segment shield winding

O% 2155 B8 AAe A4 WAtk 1wy 3w, 2wy 4w,
5ela 7H, 693 8¥, A mERE AAEe] WHw ddwel gk

SHARE BEe FE fAdol ¥ER dAdxE 7| flux  equalizing

winding¥= G2 ¥d A4 F Axzig FEdz AZdEHo HFH] o
=ola k. A4S EdE ue 3 uF o PSS

=
A =
= W Ad Fe 1000"omz Ayt A4S 9% 9xd, 3
=

8E-TE o]F4 1:100009] WFHIE ZHA At

=

% 2,15, 28 fAde A
Fig. 2.15. Connection of shield winding
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]

80mm

79 216 MRV A 2. FF BEER), AL BE (LED)
Fig. 2.16. Analysis condition. Centered busbar (left),

eccentric busbar (right)

A WMps Wi TdE VITom AUl B2kl g1Aeo]a
2% 2167 Zol 1A5 wAwyh WFTe) T REshs B9
FHORE AA Peehs B F Al dis A7 dnk Ada 2
adel meatel 7t w Ao s2= AFE vustgich

HE 2.9 FF A BE £

A4

A WHE7)9 B9 29k Ak
Table 2.9. Current ratio and phase shift of shield winding CT

according to primary busbar position

22 A7 [Al v 2} [%] A= [F]

oy | ENE AA 0.97 -3.32 4.2

5 o

= ]

O B AA 1.0 —-0.0200 2.5

02 Jul AA 0.80 -24.9 23

YL E

O B3 AA 0.98 -1.78 44

% 295 #EAAL AA U2 F UHA] g F o 7HH] F9-9

A Avs A xolth Hl o] A% FascA vl A zkA st

22 A7 #e &

s Astgin.

25

o =
£
ol u}f ;/‘kjg]

= v

A% 145 w2
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#HE AATE ASA vdZ A AV F4E AS vlexrt S48
Zteted) v 23 AAe B exrt Z7pstg ot Ak @ale) nlE)
o) AHAl W3ke] o] dAAs] Ak e & 7 Uk

—a—#i
—— 2
—— 3
4 —— 4
== Hs
—— s
2 — A7
= —a— s
2,
xl

AlZt [s]

a9 217, T4 #EA £ Ade] BEs AR
Fig. 2.17. Centered busbar. Current in each Wmdmg segments

[
rxorx
(e

i
rx
@

blbEAt

HE W
i
rx
2

q

xd
[yl

1

AZH s

a9 2,18, A #EA v @AY 2= AR/
Fig. 2.18. Eccentric busbar. Current in each winding segments
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Astz] 9l 4 WS Afske

AAE AHEHA & A B 29 22 o 7178 ERs
oW WY AAReR AU exE e Aol offHy] W
flux equalizing windingol|lA #3 @AM =Z WAS A3} o]
Adolet=s & & UlelA vlextsE fAt 4 S A

MAZ e glo] v Astin gzE

¥ Mr Mo AT Moo
fromet & X g o

2.4.1 Transposition winding

ek WY AAE A, FEsle =AY HEE d-dd
yAge] fgAoez o]Fold Qled AR AMdels F kAY &
AF7F S8k ¥t Aol wAsks FAASe] WY d4d
AD 7t Ao of dHorRE AM 79 Ag Zolz Q3|
A ALY A7 EeAla ol®: <ls] dd el &3 ARUE
LAsHA At olyst £33 AFE Folal Ix I8 LSk oy A
EAs w7l 98 1y Wskle A4S =AY AdE A=
F71A 02 vl £ transposition windingS ©| g3t}

M Al
= O

1% 2.19. transposition winding 7]'d

Fig. 2.19. Concept of transposition winding
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1% 2.19% transposition winding®] W@ EFI THo|th
AAe FAFE VT2 RbE WFor HYsHA wixE HAHdE9
AAE SHEFS vt A4 Aeoz warshAl whEo] AidellA
Holzl AXY 7k d@aAd el st A ASES HEge

2.3.27A Fteire ol &S FAMAS T3l T WFTIe
H G2 25 Ao dRlo]l AR oAe] et &3 dRohe
e GGl wEel £33 AR Aol 22 A4S Sl
WR7]o % transposition windingg £ F QS ZloF
of| st 3l vk

Tt ARVIE AT o AHe 7 Fuiok HolZE Frol s
sh=dl o] g bE oA @At do] npZow mAuUrEA] XE
A& 2dste ARV 35 A5 HR7] 4FY 4 FHOoR A&
sk gtk mebA] F3F wAbE Sal b Ao dAst A&
R AGT F e FEE WEo] Fv AR 2% A 25 &
Aoz stk

Maanetic Flux Density

Contour Plot: T

1.8000
17100
1.8200
1.5300
1.4400
1.3500
1.2600
1.1700
1.0800
0.9900
0.9000
0.8100
0.7200
0.6200
0.5400
0.4500
0.3800
0.2700
0.1800
0.0800
0.0000

Maximum: 1.7538

Minimum: 0.0009

a9 2.20. AAeA ] A& WX (t=6ms)
Fig. 2.20. Magnetic flux density of CT core (t=6ms)
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a9 2202 23.2%9 a4 Ay T wAubb A3 Aol A

T8 Ad WR719 AS5EE Budol 7HE w3 " Al (t=6ms)

Aol AT A5dE sy Aot HAanke ASURETE 7P e
79 2209 124 WEow A9-A gl
of A%uUE HMATRE oAl Eel PP et mAsW 13
2213 2o Id" 2.209 #AAEN AdS VEoR sdn WwFgow
ALUEe] A7 a¥ZE deden I¥ 221 Ade a4
22e 23 214004 WMEE W7 ANSo] Ed WFS ue
rEFo] Y #AE Jehdth oldsh 9 47 tE T 3o AMS
omiet FEe WS wel B g Zol] wEe] & 2 AME
AdH = FHelth
5 || A8 Al A4 6 | [BA
HA 4 a4 3 A 2 41
2
1.8
16
= 14
1:1'1.2
S
ﬁl.__o:e
X 0.4
0.2

0 50 100 150 200 250 300 350
AP o2 HE ZtE [deg]
a9 2.21. =9 W] e AESd Rt Ade fA
Fig. 2.21. Magnetic flux density and position of winding segments

along circumferential direction

g% 218% ¥ 2212 Ed A% wEs b 2o 99X
HAAl 8 '—{ﬂ/“joﬂjﬂ 7]'73]‘ wo X‘]%ﬂ- =] 7)_1_% o} 315 %]\q_

w2 WEVE JFEe AFeA AR Adees 97 sk

Fas 9Ae Ed PFom ¥ Ml AA AY Adst] A%
4F2 29 5 9t FH9 Aol ALt
Webd B oERelAi e Bg @d WAL Fa uexte



A0Ye Fustn wa A4S F83 D B2YS Agste] B W)
A8 BER B A% 23S PASE FHEA oo e mi
AR Akt

FER FER4 FE

Coil _inner

Coil1_4 Coil25 Coil36

Coil1_3 Coile_4

FEM FE M

Coill & Cail2-1

CoilZ_6 Coil 321 Coil1_2

a9 222, Alkd wak Al Wi A4

Fig. 2.22. Proposed transposition winding connection

AtH wak AAL 35 dA 7+ Svlth 65 FoR 2dd 2E
HAol waE Agte w2 olth At AAMS 17 2229 #ow
Coil_inners= W9 dut AA4E, Coil n.me Auk AAES #|3 o)
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Fig. 2.23. Simplification of winding connection
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¥ 2.10. Aloke wxa g4 WF7] A
Table 2.10. Specification of proposed transposition winding CT

37 A71E |77
12 A5 10000A
T b 50Hz
I R iy
A4 Ad 27ph100 (POSCO)
A, w2ank A4 7]
A 27 0.9 mm
A4 A WAk A4

# 211 ¥F fAel wE A v eakeh 917443k
Table 2.11. Current ratio and phase shift of CTs

according to primary busbar position

22 A5 (A) | ¥z (%) | A8 G

A
F—E‘
2y
o

0.97 -3.32 4.2

o2
M
ok
)
o

1.0 —0.0200 2.5

o\
off

(

K
By
e
o

1.0 —0.0100 0.63

e,
2=
=9
o,

0.80 —24.9 23

M
ok
(i
o

0.98 -1.78 44
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i
r>~
o
O
oo

-2.01 44

A AaE ARt A 2 Ad9 e Aol S Feskd

3t 211# 7LU‘r 3 2.9% %01 nleze] g FaxAk vl A7k
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Aaksbd 3 2123 2oh Alt® wa A FES Al e Aol

Adz Adde] gemz AFY AFH AFY Fel 3w e
Zh=t
# 2,12 AR AZ ) I RMS A+
Table 2.12. Relative resistance value and RMS current
of CT windings
e A Aljrel wak A
e A A5 (rms) a1 qa A5 (rms)
g [A] [A]
1 1.5 2.2 1.1 1 0.34
2 1.5 2.2 1.2 1 2
3 1.5 3.2 1.3 1 2.8
4 1.5 3.2 1.4 1 0.34
5 1.5 0.34 1.5 1 2.8
6 1.5 2.8 1_6 1 2
7 1.5 0.34
8 1.5 3.6
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Fig. 3.2. Basic integrator diagram
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Fig. 3.4. Signal output of RC with flexible copper braid shield
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Fig. 3.5. Signal output of RC with aluminum shield
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3.3 PCB 2127] =Y (PCBRO)

PCB (printed circuit board) ZiA7] FLL H|AAA FoE
3|2 7)ol thAlsta I flo T sEe AMF Ay ZLolth
Qe AW rigidd A7) I SpHEA A, sk, oW
Z13kel] QI E e} 7|3 AfolE 9l vlol EE FILE AT

% 3.6.PCB ZuA7] 7Y oy} U, nlol &
Fig. 3.6. front, back, and via hole of PCBRC
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7y, AREy, ¥ 5 oYgd el Thssta diE Agatol
golsitt. wekg sj ffell Aol Y] wEe] FuidH FAe
o] ARt &d AFo] Fheete]l 77 dlel AAHo] [ F4 9
g sk A7 FElEnE FolA AHES Z1dE S Qo

webA PCBRCE A7) 31949 @4s S48k 71E9] didF
HR71E A = e 7P Agst 717 & S Qo

g8y} PCBRCE ZuA7] Fdol 71EZF¢ dAS sdsA+=
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Tl Bl o] WA o] A1 Hlol Fo] AV|E <Qlal I 1
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3.4 PCBRCY ¥ AA ¥ H5

fAE WEr)o 52 fAg WE7|24 PCBRC AA9 71%
Qs AL o AAe YEFS ARt AHUEE FYAA AR
grsts Zlolth. PCBRCO AFHA dd= Sls &% AAlel wet
g = A% dYdA s WHFY] gl ARgste] HIFHo=E
0] @ 25 A4bslod th.

AA - FHAAA kA PCBRCO AA714 AAE 7€ =g
Fasto] g4 WHS B ZojR i AH AsS AEsA [66].
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Fig. 3.7. Design variables of PCBRC
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W @ AA A vhet 2

_Pc L (3.9)
RO WC hC
T A F Aol

T2 2o BAT p.=1.68x10°Q, L,

12} =47} PCBRCY 4%
&3 #Zol Axtdnt [61].

A4f=MA%m[5) (3.10)

2w r

PCBRC7} AFYo2ZRE W= A9 IS AXsHr] $8)
AYEAE  EEgvlch

A RS s 35

o=l
[66],[76]—[78]
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3.4.1 Excursion

I
x |
29 3.8 A9 54 BE

S A
= T
AZF 2ux7] 14 ATl fAASA Fe= Aerh @k ol
o]
M

-
- <}
A% excursionogtal a R4yl T A He] Q= A P
oA A wpgko wo] WE FTUMS e 7ok
Mt [ 2L )~
A, =" —=a (3.11)
ex 272_ [ﬂ,{i] z

o714 L& 13 EAC ZolE uehli i wAsh A P o
Aelg Ve,

ﬂ;:\/p2+b2—2pbcosaj (3.12)
o171 4]
a,=(j-12x/N, j=123..N (3.13)
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N
:_OZ Ihln 2L A
2z 370 \/rz +b* =2rbcosa,
h 2L
—j In 4
0 \/R2+b2 —2Rbcosa,
R2+b2—2Rbcosaj 314

N
e
4z 55 r +b”—2rbcosa;

Neol F88] vk 4 3149 Fe et go] BAE FHA £
.

N-lp2 2 -
Mm:uoh ZlnR2+b2 2Rbcos(j-2n/N) 27
4 r +b”—2rbcos(j-2x/N) N

J=1

Nl p2 72 .
_ /,tol\ih Zln R2 +b2 2Rbcos(j-A) Ad
r*+b"—2rbcos(j-A)

8 I
L jznln R’ +b* —2Rbcosa

5 — do (3.15)
&= 0 r +b°-2rbcosa

Jm 0w Zolyw

ol

o Yozt 4 3.159 FHES X

da

UNh ¢22 R* +b* —2Rbcosa
o 2 .[ In 2 2
8z~ Jo r-+b"—2rbcosa
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3.4.2 Eccentricity

I 3.9, AR e BF

Fig. 3.9. Eccentricity

—j:& pcosd—bcosdcosa a: (3.17)

ec

2z p’sin’ a, +(pcosa; cos S —bcos5)’

H] 528} A eccentricity AEjolA AZ QIgEA M T vty 7o)

ec
¥ 5 k.

N T | e
=dY $BL-ds,/di (5, = ;A Qe Aa elolch
=1 ‘

_&ij'm J‘R P CosO—bcosocosa Jodh
27 T2 psin® a; +(peosa, cos S —bcos )’
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pcoso—bcosdcosa

p’sin’ o, +(pcosa, cos S —bcos )’

4 3159 A& A

Mec ~ %:Ij”jf

_uoNhln[Ej
27w r
23,167 3.19& %3 2uA7] IUe €| F7t =
o] #d3tA AA Hol v ILS #FIHE =
2 A5 JdYe o] A gF&E uwAA EI= A

pcoso—bcosdcosa

dpda

p’sin’ o, +(pcosa; cosd—bcoso)
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3.4.3 12 =A¢ F3Yst e F-o A

x — I

2% 3.10. 12k EAl b Fast o] F-2] A
Fig. 3.10. Conductor parallel to primary conductor
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da

J

r+d*=2rdcosa,

J
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3.4.4 12k &A¢ A1 9JF-9o A

v

a" 31112 BAg =AQ QR EA

Fig. 3.11. Conductor perpendicular to primary conductor
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Fig. 3.12. External magnetic flux passing area
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Fig. 3.13. Circle—shaped part of flux passing area
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Fig. 3.14. Areas closed by return coil and coil winding
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79 315 BAY 9% AR

Fig. 3.15. Parallel current flow

O 3.16. FHOE T2 o AR

Fig. 3.16. Perpendicular current flow
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Fig. 3.17. Basic shape of RC for analysis
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Fig. 3.18. RC without return coil
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Fig. 3.19. RC with return coil
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Fig. 3.20. Output voltage according to radius of return coil
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A 4 & PCBRCY H3ZAXAA

4.1 PCBRC? 7134 A

Md A= AA 2719 PCB 2aA7] :de] digkzel =719
P4 AARse AA dAE Tt fdeaye AUst 4o
7he st Rbde] A Ajzto]l @@ A7) witel AE A A A FE
AFRE)olE BEd A7 o] Fesith wela, PCB 2 1A7)
e A A# e g 7R oR FHA AAC mdor &
Asel disiA Az rgttt [85]-1[90].

4.1.1 PCBRC9]

il
L)

9" 4.1 %7 e 7 7Y 949

Fig. 4.1. PCBRC patterns with different angle

99 418 :DY MAE WFo e 27t 03} 9T 7)ol
o dEe] muay] modolth @ 2 WA 3 FHORNH
Aels Sackn & v sedle] WAl wet fEHE 71AY S 2k
A WARE 4L 0] WFel T A9 @ We 3e] f7]5
AdEe po. aed 3ol @ mAele) dolsh e Age
et 2
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l,=1/cos@ (4.1)
d, ~d, cos@ (4.2)

0 gkol ZF 4ol uwet [, 7k F7kske] PCBRCS  AdS
wHAsk o]do] AX PR

=
7] SAs) el R

3.470l ] dobgtol ofF AA AHE S8 YR Zde

2a27]) m Aol glo] W ¥ gl FEolth A 1A
é =

gebd 5 9k

a9 4.2, 4 #F gd 79

Fig. 4.2. Centered return coil
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Hlo} & (via hole)

/
3524
N

/
e I
s 74

T% 4.3, % #E oUW 29 dus
Fig. 4.3. Cross—section of centered return coil PCBRC

78 4.2 Ao Algd #El mdo] =S TEIIE= FHE 9
PCBRCY| 37t¢l malo]t}, 1%— Ng 9ol Asd g 433 2o
7 Fo 1% vEde BlF A g9e 3ds s F A Al
Nl A7k 4, S @At G| 2de Aol Sl wlop =
AAAAE B o A% W Al FE g WEe] A wrb)
ol T wlof 2 AAAIE Aot Ao AL we) THE A
EojoF 7] Wit ¥Agel tFA SHelA AV BT 7 Q)

a9 4.4, 59 gd 2
Fig. 4.4. Sided return coil
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B]o} & (via hole) e 7d

1T A% 31

a7 Y

a9 4.5 59 gy 7Y dHE
Fig. 4.5. Cross—section of sided return coil PCBRC

% 445 T BE PY 7d] AZALe dHS F55] 6l
Zdo] ' Fdo] fAFtetEE AAS mdoltt ols W Fd
7Y ZuA7] ZYE PCBRCE A2 A4 19 459 22 JH7}
Ha 5 e 7ol A, & Yy gE mdS Qs E Az
Grb doll A frElaith, T o B2 AAA = dolvh Fobd AF
HA HelAE Hojurt sHxRE SH u A AAY A9 fd
Fdo] A - FZde Se| AAEY] wEe] sk e WA o
AA A aFz2As w7 Y8 2L dolrt Fobd 4 Atk

1% 4.6, AA WAl wpE WA Aol
Fig. 4.6. Difference of closed area
Tt A Asod® AT A Qe 3.478eA HEH ZYo]
AAse AA g mdo] AAsE WA AV} 2L B
2 Adsol 7HE £ Ao=E ofAeiglth AN O9 4.6 Bd
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4.1.3 PCBRC A A<t

A AW gel AwAl MA o
Ad) 4 Adsg Q) Rel B o=
AAE AN el

% 4.7. Alerdl PCB 2127 7Y AA<H
Fig. 4.7. Proposed PCBRC design

9 4.8, AljkE PCBRCS 3D &4l
Fig. 4.8. 3D model of proposed PCBRC design
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¥ 473 488 ARkd PCBRCE - sH4 #WE=sS 3D

ndojty, 79 4.7 A -5k 7y gy 7ol AdE= RiaAY
T gREoREA s FAe wEk vpxa ' Ad "o A
A vk Er gl md R (1), thA] s wiR|Er '] md R JdA" &

(2) d" 3dR dd¥e ) WS xS AR md

| l
sl mYe] R WAL e /1Ee WAL Y aYelH ¢ 5

SA5col Alqkel Mgk sk el
Aoy =3 AlFe] AgdE fd dF 2 Swed 9" 2de
AAARGE o] Af 29 483 go] &F :dE AR g™
g vpggow =39 JHE A Ha A st Zdo] A3
Hashs gt g mde] Haushs 999 Aol 2 4.99 2o
Z8E 5 A

9 4.9, 4 Bk =29 WA Aol

Fig. 4.9. Area closed by top and bottom coil
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4.2 A zA7 AA

4.2.1 Ak =4

% 4.10. Al GIS B
Fig. 4.10. GIS model for test

QE Al FS e s PCBRCY AAZQ SExZA F7to]
HAretal & ARV 529 o A9 JEFS e vk AA 7]
(gas insulated switchgear, GIS)7} 1 7}% xﬂ,?}c}ﬁ}_ﬂ kst
IF 4102 GISO W mozA 1 ye)-o A7) AA A}%MFA
AAl 27115 PCBRC #HZ AAS Atz o® ALt 3 4.1
GIS Y% AA8& PCB 21A7] 3Ue Ak zdolt} [91]-[95].
AL 18 41094 B=e WAF ¢k 5mme zolE Ty YA
NA77F =25 GIS WH9 EXAZ5Ee dd g5 A7) 93]
oA ¥4y A2 50mme AwES F2tu}l. PCBRCY S AxA
A5 fEl ARgst dEnlE Aol Aol AV]e]  wEQdTE. AA
GISelM = FAelA 9 kAS AR{7F =248k AJge] ol
ol A e gRle 98 vlwF e AR 1kAolA e E¥
S
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E 4.1.GIS A+

=744 PCBRC9 A3+ =4
Table 4.1. Constraints for PCBRC design for GIS current measuring

Bl Agk x31
$17 [mml] Hd 97.5
W74 [mm] #4875
7 [mm] FHf 3
=9 A [mV] 20 (12F 1kA 1=
Hl 22} [%] 0.2
4.2.2 A

dS

97.5

1

1% 4.11. PCBRC %7] AA W
Fig. 4.11. Initial design variables of PCBRC
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(r,—87.5—d, —2d;)xr,x6,
2

el

(r, —86.2) = (97.8—1,) x -6

_97.8-r,
o1L6+n

=(97.5-d, —1,)xr,(6,-6) (4.5)

(4.6)

(4.7)

wekA s 6,S sk 0,2 EdO) st 19 411004 AW

MEES A 95

4

v FY g WEE B dEHE

S
ot 1,0, A9A90,

A

)
ofN By
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4.3 537 &<

4.3.1 =9 A<

A5 A WA EFol HE RA PR LA Sl kAR
YRS W FHHE A 1

AAAA o= AAE AT U
Adstol Ags] wEe] AL Fa T
4 %4 FrEA Agsh

a9 4.12. &FulE 2 Aol A

Fig. 4.12. Aluminum shielding case
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4.3.2 H] %}

Ax WMiF7] (electronic current transformer) @ 145 AAsh=
[EC 60044-8 =2l gzl o w opd=a Hshs FHshs
A7719] vleat g9 Fo= v

g:wao [%] (4.4)

P

A7 K, = A4 HIvzA 2uAy] 39S S 289 A
Ug 7V A27] 9 2x ZAWE  (secondary converter) & &4
HFAoR 125 AF [, o vdEshs ¢te® v we Hgk vjgolt

= =wolMe 23 AWEY AF wES WA 2usv] 3

Al W WeAs ZdadEn v weh AgAel uEn

2127] 2AY B 145 A7 T HF, 9] ARl gt

21% 2R 99 F 4GS NFOE Sl WA FPaAT
BoeRed A S noAE ek 42 vt g

£=US_U°><100 (4.5)
UO
U, = 919} o] 7)50] H= oA 28 AgS w3t
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4.4 HA3 ST cAE

441 4 <3y

N

HA gl AARMGFE 2o BE dFHor 2ol f3d dags
(Genetic Algorithm, GA) & AH&-3l 2 3tE X 3Bskadet [96].
T dugFS Ad Y] s Vlxe @ or AEeH
Agke]l F44 MEE ol &ste] AikAbEe] MY (selection),
(cross over), W& (mutation) ¥ HAHE& Tt HHTFE FA5=
Hrss  HAsbske gaugseltt. AA FdA9 A A8
Ekaty] flste] AAl FAAE 7HA I e ARE o9 I:E
o] g3t Ueld=d F2 07 1S o] g3t oS ARt /4
g FolA AbgetE &olv= oS AT
® /iA (chromosome) — 42| HATF7E Al 7HA9] WFE
Tl bz & w 7} W] groE A"E AXFE
%33 (phenotype)olet st ZAYES o|XFE Yepd S
423  (genotype)olgt T} S Sof A WG Fho)
1,3,7 olgtal st FAAFS 7475 2731 o w2 WEksto] o]of
=921 000100110111°]t}.
o /Al & (population) — A dagFS kel A=
SIS sk Aol oflE U FE FAE A JPOoENH
S-S Ajzbstth AACA dAE B 1228 f1AE
ZAzbe] 0¥ 12 7AHs daE wb AN EA A
s 4% = Sk

® Ao (generation) — 7| FA9Z FAE JHA HEHS AE
wHl, MFe] A4S AH MZE NA JAGOZ v A H=,
olgst MAl Ft Wsghe] WS A wAt s W IS5 E
Aot sk

o AL (fitness) — A = FAsk= 449 MAES
Al Zdgor wE 5 o vyl AXFE HHEF
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T daudE Wl sturt obd ®g HATE sk A=
ol-gst] HAgrh= 5Hol Ak AL obd dee MAER
TAE A AEorRE NS AlFStY SHFF AL ou
MR o FUHARl ARVE obd =Ag AAE o] gsith EE
gr7lEol o glo] FEE4 Wl Zlxe 44 Adel =debd
duzlEs € U

o]aé e} o

8e 7)zetel AN AgHE Aok A

15t 54 o=® <ls] ZAAel ZiWkst HAZ WA FE
] Hh/8 4 (local maximum/minimum) Aol =] %]
B

nE ALY AR RS ALt P npgEHFE A 70
HEstA  FotAe Aes Tyl fs 7HY FIUAC] HAAR
@ﬂﬂﬁq.

= HA 3008l EExE 1.2° oFE AFEHoRE sFYrt.

w}am A7) wae) Welt gewt 2

92.5<r,<95.8 [mm]

0<6,<1.2 [deg]
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4.4.3 A7 AA =M%

[ Generate initial population }

v

N
Calculate U,,Uq, €
Evaluate fitness of initial

population

b
Selection, Crossover, Mutation
Regenerate if dg < 0.1

v

Evaluate fitness of population

Us>20and €<0.2
No

a¥ 4.13. HA A SAE
Fig. 4.13. Optimization flow chart

¥ 4132 HF AA =AEolth WA AW dAH el
el B2 ® 27] A A A 2359 fdes HAS F
U, Ug, ¢& T8t} Ug & 71507 A9 ai, AES B3 o
Ad A s BRI o] o, fEes #Y A Thed

Ado® dg7h 0184 &2 JHAES 2eA 5 227 jEE v
MAE A o]F T8 = 22 Mk Ug 20mV o4,

oAt 0.2 VS BES Uhn duLES WE FYI



4.5 FF HA A7

e A1 AALE EEAGR PA AGS B 4.29 Bk
4= HA A =iolt
F4.2. HH A A3
Table 4.2. Optimization result
T %
7, [mm)] 93.85
0, [deg] 0.9
d¢ [mm] 0.12
U, [mV] 23.73
Us [mV] 23.69
H| @ 2} [%] —-0.169

I% 4.14. HA AA Ay =
Fig. 4.14. Optimized PCBRC design
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2 H AANSF 6, gtell 2 5 40082
H 5 2k A8 & F otk Zd 7o Ha AREA AR s

d, = 0.12mm= H4 79 0.1mmEY 20%3 %
oAf7F vk &8 Aty vlexr BFE dis 2@S WEEY L o)E
EQz AR HA e AHdA =W I9 4149 d
4148 E=WE HF PCBRC A& 98 el ofF mds o
Aol folojE uH EAIEF CAD Edoln &y dx REL

—
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A5 w2 A4 dF7] 4
PCBRC A1&3 A8

" 5.1 AT Mg wxk Al dR]

Fig. 5.1. Large current CT for test under construction
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Fig. 5.2. CT for test after winding
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5.1.2 w2t A4 WF{7] 8|zt AlY

3|33} 9H17]

)

|

a9 5.3, §-3F BAT| e} 2FECT, AlEE |77
Fig. 5.3. Simulated load transformer, standard CT, CT for test

a9 5.4, F9 vtasl mled 2471, g1Y A=EY

Fig. 5.4. Burden box, ratio error meter, input controller
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FAY AUEE fAHFEA 2%
2% Aldo] oA Bz Al¥ES AT

a8 533 545 0 9% A AES LeEdT) QY AEZ =
olgate] HRa WAV RNE FY vkl AFE BYNA dd€
TE CTY NIAL w3 AQ wWE7e 23 ARES vlws B
A% vex 47 £F CTS Ag4 wWirzye dg9
AFE vaste] e A4A W Y AR AE EYw
ngu Al WE7) e 23e] AAE= Bale] 7= zAS 2 9|
Eids

vl

—
o
:

B

Sl AHEE XF CTE B4 12 A7 5000—20000A,
22 AF AR H QA 0.05%2 ZAUF HF7E A A¥e
gito MAIFEo] 9tk o]lE FE 1z WAnbe] &
AEgetA SHsta AdE wA A HFTA E¥€E 23k
ek Q7oA vluste] HFE vl g}k

AdolAe 25 A8 A BF7] 25 4 =5
A2 50% (5kA) A WAank T4 53 5 X3 (10cm)
Aol daiA weaE & =
10000/1A YU (WA 0.2%) ¥ A4 AFI7E A3

3}
1o

41 o Tl L [ o
N ofo duodu oo Y
26 gy 9
=

STANDARD CURRENT TRANSFORMER

TYPE SCT-20 FREQUENCY
CLASS 0.05 MAX. VOLTAGE

PRIMARY CURRENT 5000 A - 2C

SECONDARY CURRENT 5A
BURDEN 5VA WEIGHT 36 K
DATE 2019. 07 SERIAL NO. FJAQ!

CT®@ CTE TECH CO. LTD. 031 - 767 - 0031

9 5.5 % CTe H#
Fig. 5.5. Nameplate of standard CT
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® @
wat A 23 a4

[ N

9 5.7, ATl e vianke] 25 Al 91
Fig. 5.7. Temperature sensor position
L5 ML 7 WRIn MRS BEsE wans A
o] Al g9k mpe O}Uri‘l Fzhe ol WMAanks  FoelA
$E02 AFAA AYSAZ] wEel 3wz 70l WiEEiy
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5.1.4 na A4 WR7] A8 A3 9 FA

3% 5.1 wak @A WRY] vear A A

Table. 5.1. Ratio error test result of tranposition winding CT

SEEE
_ sl (2
e H] 9 3H(%) 942+ ()
v Ax
50.1 —0.0060 0.15
%9
w3 @A
o 50.2 —-0.014 0.33
194
WA JA
50.1 -0.11 -0.23
%%
W A
o 50.2 0.033 0.49
%3

——s0
—&—s
——s2
—>—s3

—*—s4
—0—sbH
——s6

2% [T]

_—_58

0 30 60 20 120 150 180 210 240 270 300 330 360 390 420

A3 A3 [£]

% 5.8, AlZHe] wE &% W3}
Fig. 5.8. Temperature change over time
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5.2 PCBRC A&7 A&

5.2.1 A&d§ PCBRC A&

% 5.9, AlglE PCBRCO 48 (F) 9 s+ (%)
Fig. 5.9. Top(eft) and bottom (right) side of PCBRC for test

1% 5.9% AjkE HZA AdAte uhet A&E PCBRCO| s}
i ARzlo| o). o FA] AA el 7] Fubo] F-2tE o] glom of A
Xé—% A stz AHE Y wjAdE sttt Alz® PCBRCE 77
me| F 71H oA 71-4011 77y 2% - sHg- 2 S Qs ZYo)
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5.2.2 vlext Al¥

B @M S NSNS
T T =cozi

3 s = 0 S 3

RAZAFS

1% 5.10. PCBRC At =4 A E
Fig. 5.10. PCBRC test setting for voltage measurement
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19 5.11. PCBRC A}#] Alo]~9} 5 CT
Fig. 5.11. Shielding case for PCBRC and standard CT

% 5.109 5.112 PCB 2147 34 Ald Aot 4
AFs kAR wxk A4 WHE719 AFe] AFgs B ex 0.05%9
AUE ®2F CTE AHEstel SAHNn 29 AYY 33 #53%
37 Z4& 98 eAZAFE (23 o 5%) 8t BEXuE (0.29)F
AFEEIITE T #5Y foldT 2uAv] I R A FAS
A-5EA 87 A8l 12 BAlE AlolE BYs AREERlth S EA7E
Ae we a3 AU, FHo7 52 Aol A A =
Ad(Ug )e FHste]l wlxs AAssith. PCB Zuxa7] 32U
o|l=E ﬂ*i}—é}ﬂ %’48}0% A7) 2 Ao AE Ao H
g FHlE =T 1Ak A F wo]=9
i E} wol=7F AAR SAA TA AlFE Bt F
A
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5.2.3 PCBRC A ¢ A3 4 #4

¥ 5.3.PCB 21247 3 Hex Ad A
Table 5.3. Ratio error test result of PCBRC

T 13} 27
U, [mV] 15.2 14.4
Us [mV] 15.2 14.4
v 2 2b (%] -0.131 -0.063
¥ 5.3 Hlea A A=A HeAE AT s =9
A4S Fasad A 7HA ARgssith A d3E B F 2 e
AelA BF vl 02K Yol AWUES WSSy wol=vt
AAE 22 A@elA vl ex7t oF Hrlow Folgol H U2 ARE
Bk z2eu 29 A9 A Aol vl o 35% W2 As &
At EFuE a2 Alojxe] o EFHo] Ah¥ ZoE HRITH
T3k 22k Alfo] A wol=rt AAEC] IvkE I3 AYe @g=
ZolE Zog EAHEY. A4 PCBRC7F AFEHE 8749 A9 wol=
A AAZ AU Aess B d Tt AE & 5 Atk
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AAE A& 71EY didR{ WHRrIe A AAs 1A =2 7|
(printed circuit board, PCB)<& ©o]&3 ZuA7] I AAE
AeralRar, AAHS: EdE A& HF7|o vlex W =1
3l AARKY e IS HFskalth

AA ddF SHES A8 7S AHgstd FAE "R A
AARES AAISHA T o AHA AdS f8] 2= AdES 4
w8 A MFTIe] Aol WAstE EARC] v A
o] 5 & dstr] st 1 Mo AFE3F= transposition winding
g5t wak A WHFRIE

M ol FAHNS AYsYL e

[o
i)
12
_0|L
32
o 2 o e Koo

Tk 2 Alge] AR A Ariek IFA, AAA sl
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Abstract
Optimal Design of High Precision
Class Large Current Transformer

Considering External Magnetic
Field

Seung—Jae Lee

Dept. of Electrical and Computer Engineering
The Graduate School

Seoul National University

The 4th Industrial Revolution and the development of internet of
things (IoT) technology have made communication between all parts
of power system more efficient and the need for research on high
precision class large current transformers has increased to deliver
accurate information of working current.

In this paper, for the optimal design of large current transformers
considering external magnetic field, an improved design of the
conventional current transformers and the design of a rogowski coil
using printed circuit board (PCB) were proposed. Through
temperature and ratio error tests, the usefulness and validity of
proposed designs were verified.

First, an improved design of conventional iron core type
transformer measuring large current was proposed. It was identified
that there is a problem of burnout in the existing split winding current

transformer to which the shield winding is applied to block the
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external magnetic field. In order to solve the problem, a current
transformer adopting the transposition winding used in a high—
voltage transformer was proposed. Through numerical analyses
using finite element method to verify the usefulness of the proposed
design, the effect of temperature rise reduction was confirmed while
maintaining the ratio error characteristics within the high precision
class.

Also, rogowski coil—based current transformer that does not use
an iron core was designed as an alternative to conventional current
transformers that have disadvantages in size, stability, and price due
to the limitations of magnetic materials. PCB was used to solve the
non—uniformity of position and shape, disadvantages of rogowski coil,
and return coil was added to reduce errors due to external magnetic
fields. In order to obtain the reliability that enables replacement of
the existing current transformer, high precision class ratio error was
required. The effect of external magnetic field on the rogowski coil
was analyzed by an analytical method. Then, the analysis results are
verified through numerical analyses. Using genetic algorithm, an
optimal design of the PCB rogowski coil that satisfies the limitations
of the large current environment was derived.

Prototypes were fabricated based on the proposed transposition
winding current transformer and PCB rogowski coil designs. The
transposition winding current transformer was compared with the
existing split winding current transformers through temperature and
large current ratio error tests. The PCB rogowski coil was verified
for the possibility of replacing the conventional current transformers
through ratio error tests.

It was confirmed that proposed transposition winding current
transformer can be used as a more stable current transformer by
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satisfying high precision class ratio error under the influence of
external magnetic field and showing improved temperature
characteristics compared to a conventional split winding current
transformer.

Proposed PCB rogowski coil also satisfies the high precision class
ratio error under the influence of external magnetic field. Compared
to conventional current transformers, considering the replaceable
ratio error characteristics, ease of downsizing, wide range of
measurement, and economic feasibility in manufacture, proposed PCB

rogowski coil in this paper is technically and economically useful.

Keywords : Current transformer, Rogowski coil, PCB rogowski coil,
External magnetic field, Ratio error
Student Number : 2015—20967
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