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The Development and the Performance Test of Bay Controller for the
High-Voltage Gas Insulated Switchgear
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Abstract - The digital substation automation system has contributed hugely to increasing the stability of power
systems by providing not only protection and control of power systems but diagnostic features alongside them. Digital
substation automation systems in the scale of substations consist of integrated operation systems and intelligent
electronic devices. The main intelligent electronic devices currently in use are digital protection relays and the bay
controllers in Gas insulated switchgears. Proficiently accomplishing the coordination of protection within the power
system as a means of ensuring reliability and contriving for the stability of power supply through connection of
function, the application of bay controllers is crucial, which collectively manage the protection relay at the bay level in

order to achieve both.

In this research, the bay controllers to be used in high-voltage Gas insulated switchgear has been localized, and in
particular, the logic function and editor required in order to minimize the complicated hardware-like cable connections in
the local panel have been developed. In addition, to ensure the strength and reliability of the bay controller hardware
developed herein, the type tests from KERI have been successfully completed.

Key Words

.M B

AGAFeAA Y Aae] Has, nyddel Fels 2 A
gdu)e] AFE FAL 9ste] HolE [EC61850 EA14
/%]9] X_\:_axﬂoix]_j(](IED% 713].0; e gxdsd WA
2 AFE A=Re Aol Agska Y1l @A ALE
i g Fo ATFA]gA % ﬂXlE* HEA 7] o
7F=HANATNGIS) Mol AEETL AL o]F 9
3 AEAZNA BIPXE 423 Fdstr] YA

=
ASS BHaste AXZIES Wo] dwloA T3 +9st=
Ho] AEED Y A8 TFHolg & 5 9t}

Z3% HdAe HAH Hd FAHY AFNHS AT
A A= Adnd st dAH e A FHE wo] TUE
Z28E A% Al 93 435 e s5ol T HH,
st HeAAre JAs Age 1 ARE 73_% A
FAZ FAISFIL QT ool wEk dAle #d R E e
A7 ] xR A Qo AR %X] B
Aol #e oEgo] e AAoth B AFoAE= O]Eﬁ’}
TARE SAsr] 2ske 74%% wlo] Pz Aojst= 7
24ANA 7 & A7IE FAksedon, R Aus 2
A& 7% &5 (Function block) 2 gATgdozA st=g o]

*
K
>
Y
B

489 gARTYe 4713w - B
E-mail : chwoo@mjc.ac.kr
A ()RFs R
A4 20109 4€ 169

HE L= 20106 5¢ 199

a

Z1g JtAHEAINH TS Hlo] HEE Mg 2 M

¥

: IEC61850, Bay Controller, GIS, Type Test, Intelligent Electronic Device

I-J
®

ISE Bay Controllere| AlHE JHI’“
A58 Alz=gle] il AXFEE X

R i B O Z”““ﬂloﬂ ﬂ%fﬂ
& FYes 875

o o
X
U g P
E
o

o
B

S o > oo Rl oY ©

O,

-] s

o -

oX 2

2 %
tlo

o) :

ML Rl z

ot

2

do

il

N

N

(I

o oL
s
r_&_'g
—
&rﬁ"i
_q

aslolx wo] AEEH = IEC60255090 4 F
$ REAA7IeE Ao7|RE THEEA S AF
g7 FAeL =23} o}o;\ou:] t}oksl VeSS
=% DSPE AHEEte] Alo17]E Al sk vH2-3]
olxl wle] MEE 7} Al&ste= 7152 ®A7IS,
BA7%E dell st=slol B2ES e Y V)
e .JE}?'SP ATk 6494 LCD 9 HAHI WAS AR
ato] xR ] QI H )2 TeS 7@}*]?—“”4 ol Ao
A BEE Qe e FEA gEd mE TR AZSATHL

reo 4 ox
AN o
U

2

179



HM7|&s =g X 59PA 25 20104 6¥

{
H

ali,
It
s

[

[(Eman

o
i
gl

GI5 LCP Part
=
E
A
==

a8 1 dlo] HEEHE 258KV GISHl HE5H7| 26t HHEE
Fig. 1 The configuration of 258KV GIS local panel using bay contraller
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Fig. 2 The proto-type of bay controller
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Fig. 3 The internal cable connection of GIS local panel using
developed bay controller
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Fig. 4 The single line diagram of 154/22.9KV D/L substation

221 x| (4144)9 £ =M & 2l 25
01) A SW ON
02) 43-52 Local 9=
03) 3-52 =2 SW Close $1#
04) D2X #* OFF
(#2DS7F ON/OFF &% 5 w ON I += Ry)
05 DIX %% OFF
(#1DS ¥ ES7} ON/OFF &3 €4 u ON =+ Ry)
06) M.Tr 2 udgk QIE| = (BISNY 86T A¥) ¥&52
07) M. Tr 12+ GIS JH =
[(6133’a’#6192'b'*#6193'b' )+ 4195'a’] ON
08) LS2(Spring Charging% ON) OFF
09) LS1-a(Spring Charging €+54] ON) ON
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Fig. 5 The logic diagram for CB(4144) closing



10) MR(Spring Charging% ON ¥+ Ry) OFF
11) 52Z(Trip Free WA 4 ¥ % Ry) OFF

12) 52(CB ®.x2% %) OFF

13) MS91(#1DS % ES Z#+&
14) MS93(#2DS Z%4 5 “H

FdE) OFF
OFF
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222 XEt7|(4144)2] EB =AM 2 O =3
01) A SW ON

2) 43-52 Local 93|

03) 3-52 %2 SW Open 9]

04) 52(CB 2% %) ON
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Fig. 6 The logic diagram for CB(4144) trip
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Table 2 The 1MHz burst immunity test conditions and results

3 & &
Voltage rise time 75[ns]
Oscillation frequency 1[MHz]

Repetition rate 400[Hz]

50% of peak value between

D .
ceaving 3rd and 6th periods

Output impedance 200[Q]

Polarity A,

Relation to power supply | Asynchronous

Burst duration not less than 2[sec]

Test port Test mode Test voltage
Aux. Power Common 2.5[KV]
’ Differential 1.0[KV]
DI Common 2.5[KV]
Differential 1.0[KV]
DO Common 2.5[KV]
Differential 1.0[KV]
Communication
C 1.0[KV
(RJ45, RS485) ommen KV
ki 3 EFT HAE WMAY =A 2 Z3}

Table 3 The EFT burst immunity test conditions and results

35 Y&
Duration time to 50% peak voltage | 50[ns]
31 HUAES 5 Ak =A Burst duration 15[ms]
A o] AEBele] AAESAIPRO-BCU)Y A% Burst beriod 300lms]
o } s ) olarity g,
=) o] =) JLolo)l=7]3} o 2 H 1= 90 =3 ]
A7) f1skel &lel 0#7] HoE e A A Relation to power supply Asynchronous
gom, ALEFu B oHQlE s YA A, A 2 A3 Test duration 60[sec]
AAE, A 2 SAANES 78 }OiEP NEA S 9
; Test volt:
3 Adubdol 272 ¥13 #oH6-71. Test port Test mode ©s ,YO ase
Repetition rate
N Aux. Power Common 4.0[KV] 5.0[KHz]
E 1 EANE=EA DI Common 4.0[KV] 5.0[KHz]
Table 1 The standard environmental conditions DO Common 4.0[KV] 5.0[KHz]
= ey Communication Common 2.0[KV] 5.0[KHz]
Positive earth Common 4.0[KV] 5.0[KHz]
o 7] = 25°C+10"C
drlvE | 60% £ 10% E 4 MX NN =AY A
7]1e+ 960mbar + 100mbar Table 4 The surge immunity test conditions and results
R ] TIEC60255-21, IEC60255-22, CISPR 22 e g
Voltage waveform 1.2 x 50[us]
. ) ) C t £ 8 x 20[us]
3.2 HAE LA A8 (Burst immunity test) Onipett Tmpecence ol
Mksojzl wlo] AEZF S MAE WAANES _?43}04 Relation to power supply Asynchronous
gA" 9458 9xsE H2E 38 A7/ A4S Polarity 4, &
w, IMHz ¥ 2E, EFT(Electrical fast transient) ‘3‘1%_ gL Repea.t. Sltimes]
AA WziE WYNPE AASArk aY7e AP g LRepetition rate G0lsec]
A ES AR BFoiw, A =2 2 Ade ¥2-d4 Test port Test mode Test voltage[KV]
oA A A BT} Aux. Power Common 2.0, 1.0, 0.5
IMHz ¥l=E WAAE IEC60256-22-1, EFT Bl2E Difforential | 1, B0
‘ i ommon .0, 1.0, 0.5
J ] O —29— J 2] ) )
AR IEC60255-22-4 ela AA 2Bl gAE DI Differential 10, 05
IEC60255-22-5 oA 743 W&ol we} AFE e Common 2.0, 1.0, 05
o, AA A IAAEFY o] FTFoly E£AFo] AR DO Differential 1.0, 0.5
okolt}. Communication Common 1.0, 0.5
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Fig. 7 The picture for the 1MHz burst, electrical fast transient
burst and surge immunity test

3.3 MXtm m2tA| E(Electromagnetic disturbance test)

TR ok wEkS Arje] ujr] 9l ugAEe
BAFE S WA TECA0255-22-3, w4 weke] ta)A
IEC60255-22-6°1 4 A g = A ES AAs3t

B meke] 79 80[MHz]~1,000[MHz] 3= E$el
Al 80%°] AM ABdEIE Atedon, dAxd wdel A9
150[KHz] ~80[MHz] Fdk WA HAfdtepel 2o A&
AFIE 71t 198 Ay WA E-S Hal FAE

S AAT BFolw, Al 2AE #59 #6 o AlAEAT

¥ 5 MM TAtm mekNE =A 2 Zn

Table 5 The conducted disturbance test conditions and results

g% B
Frequency 150[KHz] - 80[MHZz]
Modulation 80% AM 1KHz Sine wave
Dwell time 2[s]

Step Size 1% of fundamental

Test port Test mode Test voltage[KV]

Aux. Power C(')mmon. 2.0, 1.0, 0.5
Differential 1.0, 0.5

DI Common 2.0, 1.0, 0.5
Differential 1.0, 0.5

DO Common 2.0, 1.0, 0.5
Differential 1.0, 05

Communication Common 1.0, 0.5

E: 6 SAMS MAoh mEtAE =AY Zof

Table 6 The radiated electromagnetic field disturbance test
conditions and results

Test Field
point strength

b EE

o

80[KHz] - 1[GHz]
80% AM 1KHz

Sine wave
EUT Position | Front

Frequency

Modulation

Dwell time 1[s] Enclose | 10[V/ml]
Field Vertical and Hor-

polarization izontal

Placement 0.8m above GPR

Step Size 7183519l 1%
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Fig. 8 The picture for the electromagnetic field disturbance test

3.4 ZALA E (Emission test)

CISPR 22(class A)el At gt nle} o] A=A EHA}
A A RS TIR9e) o] AAIskH T

AEA WAAE-S 0594 30[MHz] 9 <edlA Alg3h7]
2 o 9lom=a H AlF-E 20[MHzI A AAlstd o, 3
 56[dBuwV] 2 AR 105[dBw/m] Rl A& S5 sl
S = Ak

(b) SAH HARA B

3% 9 EAAIE ARl
Fig. 9 The picture for the emission test
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Fig. 11 The picture for the vibration and seismic test
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Table 8 The seismic test conditions

I 1] d ﬁ’;,f bl e )
WA TP -
ﬂtwﬁ—l LT Frequency 1 - 35[Hz]
: ; 1 Crossover Frequency 8.5[Hz]
I Horizontal | 85[Hz] ©]3s} displacement 3.5[mm]
| parameter | 8.5[Hz] ©]7 1G
= * Vertical 85[Hz] o] 3} displacement 1.5[mm)]
(o) 2 AP HEAIA|E parameter | 8.5[Hz] 1% 05G
28 10 WAIAE ZD) s Sweep cycle 1(2F 10%)
Direction + i
Fig. 10 The graph of emission test results tx v, 2) axis
35 1% % YAAY 4.8 £
o] HEZ ] A D o Zelss F4r] 93t
o] IEC60255-21-1, [EC60255-21-3¢14 FAate ygow = AFAME 2 TR o s o o)
ANFe At AEATE wo] PEZ I 2= AE AEEZHE MEstd 71Ee] 8% #dS g2 BxAA
A TAE e dzxE Z=H7|d AAsn Fuss 7] H O HER] AMo] o) EFEa IS Wol xA|3)
10[HAN A 150[HAR ABAAT N x, y, z Fol jape] = FHO AT 3 el @S A2 ApEReld Al
w79 zdow Adarh aglle AE W yaAg ¢ 19 A6 2xem gqAgend AAsd e s
& A ELS HAx e mo|t) A HRom @AM o3 ApES AAToREAN Y AF
o] kNS At T3 MTHAAK AlAFO TS
Z 7 HSANE =A AF37] 918k IEC 1ANA Adogt g2 HAE A
Table 7 The vibration test conditions A, AR wFAYE, AsAE 2 AAES FV|HeR
- r HE JeHoz knsiirh
= °uﬁ = 150[;] FF ol A IECAIR0 EAWALS o s W
requenc - Z - - - —
Crozsovei] Frequency 60ITZ] AnAE A =8l A gal7] faiAe Hlo] AEF %
displacement 23 AW RE tg LS F7t2 wpysia ol
Vibration | Test 60[Hz]e] &t 0.035[mm] 23 Zoloz=Ad LS A§yst o o},
response. | PAAMCELEr ot ol | 05G
Sweep cycle 1(eF 8%) el =
Direction +(x, y, z) axis #atel 2
Frequency 10 - 150[Hz] B AFE 200995 A AARe] AYeR o
Vibration | Acccleration iRy N&AAAKETED)S] A9% ok #4247 A9
d weep cycle o} fis
endurance Direction T ——— (3hA1¥ 2 2009T100100727)
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