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Performance verification and improvement of the frequency analysis unit
for GIS Preventive & Diagnostic Monitoring System

AAF AW ETw A
(Won-Gyu Kim + Min-Soo Kim * Young-Sik Baek)

Abstract - This paper shows the design improvement and test model of FAU (Frequency Analysis Unit) in PDD (Partial
Discharge Diagnosis system) for 800kV GIS (Gas Insulated Switchgear). We found some problems during operation of previous
FAU, such as the aging of fiber-optic converter that can cause communication error, the malfunction of signal analysis circuit
etc. And then we solved those problems by design improvement and verified the performance through type test. To monitor
partial discharge, the performance of UHF sensor is important but the performance of frequency analysis unit is also very
important. So we solved communication error, the malfunction of signal analysis circuit and then increased the operation
reliability of FAU by improving fiber-optic converter and signal analysis circuit. Accredited testing laboratory carried out the
performance verification test according to performance test criteria and procedure of reliability test standards, IEC-60225,
61000 and 60068 etc. We confirmed the test results which correspond with the performance test criteria.
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GIS, PDMS, PD, UHF (Ultra High Frequency), FAU (Frequency analysis Unit)

et 2 =Rolkds GIS B FITA| A8l (Partial Discharge
Diagnosis system, PDD)OA] UHF AA1Q] Fakes AISEA ZR|Q1 =
Tl B4 AR|(Frequency Analysis Unit, FAUOIA 2bst EREE
g BAohl AElg iMool EQsh AIFES EE610] dAol HIis)H
1 AR AlRED "R Agsint TJelan kS tisial 201015
7131 KERI (Korea Electrotechnology Research Institute)olk] As
ANde elal I AIFEW} 7Ierieo] Agete eolekirt
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2.1 PDD 74 9 FAU9Y 7|5

PDDi= GISOIA] EEH= REWRS AARIOZ ZAlSHH FE
o] dhs 42, dhl X9 Y1918 FESITE On-line PDDE
BHHEAPRO] 201, QIX], 7], Y8k &2 BA/AE/FSSI Al
FE FRQ Fukr BA7 o Agsitt AgE 15 AsE F1
= 9 QAo gyor EAE DPU(Digital Processing Unit)E
AMESI0] o2 AISE TIAIE 282 WEslhl PD HHRRS
SIOISIT} O]ZA| WEkE AlSE= ethernet EAS AKESI0] FAUZ
Hdsio] pD 201 QIR 52 TSI FAUE @R Aojdl &
= Webg Sl AAIZ HOHE I = ATE Bilst 7112
Fo] It} On-line PDDO] EQ7-W 715 T} 28],

- UHF AllA : GISO RE@ZFo] drig Z2, 58 the9)

1} ASE Al
- AS FE/EA FA 0 REUAE ASE Fake/9d 99

oA 24 B OXE sz Het
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Fig. 1 The configuration of PDD and FAU

2.2 71& PDD FAU BAIE &4

2.2.1 FAU BAle&

FAU (Frequency Analysis Unit)Q] EAIRE
B stz Qlsl HEEQl BAIgEo] EAEIeIrt oo thdh &
Qo= A4 AAG Esl, EHo| mE ¥HH Holy &
AHE Z71 IR AR AEH fYo] WE A A& 507
Tkl UTh a8 2= ZHHE ojdo= Qldf HMI SHHo|
R OZ SLLEO] WSt olE LIERH Zolth

Wome: Goees o s e @ O - e Dunee Foer W

% splel B

YHZESIN TL LE LYE
FAUTI Moz F7| 50,
ZtE SHECl Alarm HARTE EyE

8 2 FAU 341 o] 244 o
Fig. 2 Example of communication error for FAU
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Ad 2 SEAIEES S 4 BEEE SAa AlseE
S/U(Switching Unit, AISEHFARDE Eal S/A (Spectrum Analyzer,
ASEAERDE AEErE S/U E S/A9] YERol= GISol WaE #
P Al = 55 AIBoA fths 01X E= AX] UHIE
Qlgt Heglzrt AgEo] 9ou, FAU g 28 01F 329 4R}
A¢=0] KIS @hislo] Has|R0] 50| AR =0]7=0f gl W
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EMC 742 Z13t Zth.

T 1 44%E Z¥IWE EMC 4
Table 1 EMC Specification of advanced optical converter

ohed e
ESD Air @ 8kV, Contact : 6kV
RF Field Susceptibility 10V/m
EFT Burst 2kV (5kHz)
Conducted Susceptibility 10V
Surge Susceptibility 2kV(L-L)/4kV(L-G)
Magnetic Field Immunity 30A/m

NAZo] tist AFMEE Eeletr] Qs AArE Es

DC TEYLAIE, IEC 61000-4-49] EFT/Burst AIEQ #4e ut
E Ripple A% A, IEC 60068-2-782 121 e AlF
ol ME 2 EHAIEES XSt HA, 3R Alge
ZANES Aol A DC 24VHELE =2 A8 At Qs H
12A1F A& SHAIZIHA SFIHECS S5 HEE HES5I9oH
O Zik= B 29 Ltk AIFZE L Zol Aof A} o]Ako] abE
¢ Q7 Bole FXHEE F4 SA6to] Rl tieikE S
B3 Wgo] Qe Aoz TStk
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E 2 Z7HH IRGAE E1t
Table 2 The result of over-voltage test for fiber-optic converter
o1&t ShVeSH A
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27V = = = gs
31V gs gs gs i)
35V =) =) =) g5
FAUE WHAA S&9] Local Unit?] 2% Q8 WEo| AX|E
H, ZAHE = FAUY R dXEo] Q7R =2 2504
A&EFog S&e Z1og #uyy, 7 AXEH FAU WREY
LAWHE e4e AAE] 218 IEC 60068-2-78 HAE 7t

o ¢ neifH B9 2k EPAES AASnL ® 33
Zo] 2EEH AlF2 FAU UWE(S/A HEALO], CPU W, FOC
) 2 7150 2RAME 2ES] 2RAIE Ao ¥e F
ZAHES] AL ALl 50CHD B2 ASLEE 1247
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Table 3 The result of temperature test for fiber-optic converter
2 AA SE(C) EN
=Y e 541 [=) =l
== o |73 | s | SPY | Foc | A

AlE AL, 257C) | 288 | 262 (399 | 471 | 403
50C - 2AIZF A1} | 499 | 495 [ 639 | 678 | 616
50C - 6AIZF Al | 498 | 494 [68.0| 692 | 62.9
50°C - 12A17F Ak | 499 | 495 [ 679 | 692 | 62.8
60°C - 1AIZF At | 59.8 | 594 | 72.8| 760 | 70.3
60C - 6AIZF A1} | 599 | 595 | 780 | 788 | 729
60C - 12AIZF A1} | 599 | 594 | 779 | 788 | 727
70C - 9AIZF A1} | 699 | 696 | 876 | 885 | 825
70°C - 12A17F At | 699 | 694 | 87.8 | 884 | 82.7
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Fig. 3 Layout of Ripple current test for fiber-optic converter
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HIEE F7l6l0] B4 QA FYste olzo) tigt jde &
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w2
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Fig. 4 Supply terminal with ferrite bead for fiber-optic converter
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Fig. 5 Input protection circuit of S/U
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Fig. 6 Dielectric withstand at power frequency test of input
protection circuit for S/U
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Fig. 7 Improved input protection circuit of S/U
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HIg] =0]= & AJX|of thist W+tdo] LRSS EIsHrt

487



HM7|&s =g X 643 3% 20154 3¥

E 4 S/U0 g¥e HER9 wol= " AR Alg AT
Table 4 The result of noise & surge test of input
protection circuit for S/U

A3 NN
= 71E& S/U MAE S/U
gt Eet 1.2kV max 1.9kV max
RF ¢1¥ 35dBm max 46dBm max

2.33 TAP) A ® FR AL

FAU Qg B UiR F4&E 7 dadstet EMI RIS ¢
A REEEN ofdED HE Aojo] AEe ARSI 9
LO|EL MR fYE EXIsH] floiA] elgh AHEeH framedt
AEQ FHRAE, framedt 4157 HIZIAE] £AFE S8 FAl £
= HAAE HeSIlnh T8 82 JidE Aleke LR Zlojtt,

I 2

(b) "R 7

I3 8 A@HZ Bl FA| HE FAU
Fig. 8 Improved insulation and ground for FAU
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Table 5 List of the Electro-Magnetic Compatibility test
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BTHAEHE | o : g QEEBE: 4 SBE 2V N
RIS | Contact 6kV, Air 8V | Contact 8kV Air 15kV Zst
FdeEat | 10kVim Sk | 10kVm 3Tk 8OMH~10H: 261
AR BOMH~10Hz G AR | 14~ Tl
gz = .
AL - /m G5 00A/m 3F =4
SR - AP 00A/m =}
Zlisat -
AR - KA 30A/m =t
RG] <A
Bl Rt -
Hs U IRC 6025611
Ao - Zst
e TC 100~1375V
o] 24 Voltage Interruption Voltage Interruption Tine
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1=201ERIS] _
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NAE FAUE 87 29 g HYsio] 71& FAUZE g2
Ag 71Z%0] mal 1 71Eg ZesiAu Frlsto] AFE Alge
St & 5 2 F 631 Z2o] ARVIEFEEMC) Alg 2
e5: Alga #HE V|EE deleiA) g8s Fristo]l Hr
71Est gAoA 717] AREe g1 9 AES A S Al
3l =2 o FuiAlEAlo]l BAIE 9F Alm Shof wet A
HEQILE V& ZstE =S J]1E FAUZF AAGIE AZ4
Aol = 7|E0] detEo] MAIFEE Qbhe SEE0H, F7t
B g5 oA ot FoAAo] MEA FE0 AlE AXE
sl gt=EolLh AT FAUS A1ZA Aol mE A=
P AEZIES BE WSS Zlog 0I5t

I

N I:O
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T 63N =

Table 6 List of the environmental test

NEES =%l AEE AExEA 5]l
NS - 55COIAl ON/OFF =7}
o | A27S - -20COllA] ON/OFF | 7}
~| 5= 55C 55C BAFOIZ, 23

; Arolg /1012 70°C 2A1012 e

=
STAS _ Th;ermociupleE : 60}( e
o5l UIFERE : 200)

2.31 AEAEGEHAANE

BA AEAAC 220V) A7F W EAI AZAAENQ FAUQ A
ola|zet FAIZE 10 M o4, FZIFE A7 5 Me OlAe] A
dAgol eREe AFAY 500 V ofE HY AIAR =3
ato] 212k 9999 M oldQs SRISKILh. E=St 71719 FYIA
4 e 257 59 ZAIglol BAEEEs Folsiaitt

232 HUBARHANE

A4 ROFAAC 220 V) Q7F Bl S HAHEQl FAUS
Hogs el HA B AlolEAs| 2t PTSIRTON 6 kvol
B3, B3y YBAE 2 591 AUki0l AlE B VAR, B
M 4 U eEReh @0 Al F ZuEssiolol Bt A8
21} o] flge FsiRith

2.3.3 FR7IGRNEARE

B4 MO™AMAC 220 V) Q7F 2 B4l AZLENQ! FAUO
signal generator2 A1SE Q7felo] FEZ0] E€%]= ALERO]
/\-] FAUQ] g]%Poﬂ X%:Lkl 111 1:1:’-/\‘1 X% Z;j 8 kV, 7] bﬂ—?:-]
15 kVe| FR7ERE Q7K *7%#0_ HsAst= 185U
R718150] Holok st AlE & Ad sAgo] Ay =4 23
71E0lth AlE A3t o4 QIS SISt 17 9= dF7e
A WEAIgES LERRAL AT

2.34 RAFIPARREAIHE
HAZBEE 10 V/m, Q7 Fikes 80 Hz ~ 1 G, 1.4 G ~ 2.7
(, 0l B3E 1 ki A0} 80% AM, QI7PEke FHo|m o)
L} g8 A 9 £3o|1l Als RISAZEE 120]Th FAUOE &



Ao S ksl WER PCE S4lg Hdsieitt WaV|Ee
AlEl & QEHGHA] Bl Al = JdE5 FFOILL ZildE Q=]

oilg FAFulr ASE Q7K 23t 0140] glgs ol & AN

J8 10 FAFIEA WEAIE
Fig. 10 Radiated RF immunity test

235 AEFHAANLAIE

MAFIE 60 I, 324 9 B34, ZHAZIE 30 A/m
(¥1%), 300 A/m(39)E HF1 FAUOlE FAZAOIRAS 0176}
1 CEE PCE BAlg st #EVESe Alg & Q&6
A 211 Alg = Fi sFEor itk AME X, Y, Z 37K
o R AEFTAMAIE QIS 2t ool glags ISt
O3 112 HEFuHA WEAIEE she Ba5s LIEM Zolch

J8 11 AEFIRA WEAE
Fig. 11 Power frequency magnetic field immunity test

238 B2AAWEAIR™

HARUEY HSAIRES 64 ps £ 30 %0|al SFAAIRES 16 1s
+ 30 %ol F=4 8 BS54 Bl FAU g4 Fojd
(AC 220 V)& Q7olal ER PCE S410] AZdE &Ejojof
St BARAE Q] X, Y, ZF WEoR 22t 300 [A/m]9]

7 9AKA WEAE At
Table 7 The result of pulse magnetic field immunity test

RIS QIZ7PERHV] QIZIKHAMIZ [A/m] | A3}
220Vac, X= 300 B

Q& 220Vac, Y& 300 P
220Vac, 7% 300 rSE

e &l

I8 12 94K WEAE
Fig. 12 Pulse magnetic field immunity test
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HAE ke, #d71Ee Ald & <A dsAshke 518
Sh A718150] E|ojof shal Ald & dd SEGIoF Sttt Al
23t o)yo] glge SIS ol # 72 AR Uld Al
g9 Aol 1y 122 BARA WdAlgle UERrd Zlolth

237 2= AANEAE

AESFILE 100 ket 1 M2 Fil HHERIEE 10 /s 014
(100 Kb), 4003)/s Ol&(1 M), ZHHES 376 F7I0jA] A HAY
3719 50 %, =4 W BIGS uHstal QAU 2 s 0]
Aot} ZHiRlETH= FAUS Q] X, Y, Z 3% WEoz 42t
30 [A/m]Q] AHAIE Qs TEVIES Al & «E0 4
SASHE 518381 A7IS)E0] Tojof Glal AlE & B =&
OF ST} 3 81} Z0] AIgZA1t ol&o] glgs Folstlrt

E 8 WA STHAA WEAIE &t
Table 8 The result of damped oscillatory magnetic field
immunity test

OUPHA [ OUMISHVI | SUUHRHAAIZITA/m] | Z3t
220Vac, X= 30 g4

o3t 220Vac, Y& 30 et
220Vac, 7= 30 =

228 FHE B cAIFPAE

AR} ol mE KEARME HEsHA dekdst B
Algdol mE AMojgZ OlgRFE BUTITE AIFEHRARE
10 s ol TF7IES Al & «H dsAcke slgdht
A718]50] HojoF Glal Al & Fd SHGlor eith AlgEat
ool gise SSIRALE AIFTLI RGARM| gt eAlct
Avee off & 9¢t &t

M

H 9 YHE B =AEEAE 2t

Table 9 The method of voltage dips & short interruption test

AT V] AISAs] Al
0 5, et
0 12 B
s 70 30 a5
80 60 a8
Al V] RIEAR s] Al &t
TAIEH 0 60 g

239 12/A 7|8AE
FAUOl AQ QI7ISHA] && AlEfolA 55 €9 1120] 8AITH

38 9 FR7EA WEAIE
Fig. 9 Electrostatic discharge immunity test
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T HY ot H B4 dE HEjollA FMEQ S7F ojde &

: 2 -25 TY F20jx 5Y$ A
St JI/ReV)EAE & 42 SRINEE el Fake 900
MHzQ| ASE -35 dBmaV|E YEslo] FAUS &

M
i)
fo
i/

2310 25 AOJE AIE

ACRIE o7t B B4l o4 B9 FAUE Sk 95 %, =%
55 TY] 2014 12A1RF A2(@5T)0olA 124119 1A01ES
£ 43 vrEsith Alg AIRE S9F signal generatorZ 900 MHz
Fak0] - 35 dBm F7] ASE A& YEAIZIHA SHGS
TESt] BRI glege SISt A" 21 ojdo] QIsE &
QletRon AlE & PD AE AIFE AAIGH0] UHF AA9] &
A SEE S0l

3.4 B

2 =Bolde 71E0 dxlsto] 28 52 A HEA 800 kV
GIS PDD FAUOIA ZEFE SHULFe AsEAMSzE &
ofgh gols RAlstal MM ES TEstal 7IE F

(=)
sto] dotd dsAldriEe WESteAl dRE ASoRith Ul

Ak AR Zat 2 S/U dEdt Heg2 Ul dsidAs
SalA ASEASZ st AEEe AT E8 FAU U
B2 FJHRZ, AR EUAER] E HR] A EE SSiA W
MR 9 e dse 26ttt MAE FAUE ZQAIE7IH]
KERIOIA A2 Algl2 IEC-60225, 61000, 60068 SOIA1 Al
At AsAIE7IET FRl wet AASIReH EMC AT, A4
/WR/E0lR WAAIE, E/54 AlY, /8% A" 84 t
St A= AIg7IE0] HEtEe golsiith B =R2g S8 A
ME FAUE B HEA 800 kV GIS oHbeItt Al~H0] X2
ooy & 7 dX 4 ASAgs S 1 AREE 29l
g ogolrt.
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