J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 37, No. 2, pp. 175-181 March 2024

doi: https://doi.org/10.4313/JKEM.2024.37.2.8
ISSN 1226-7945(Print), 2288-3258(Online)

Regular Paper

GIS AHO|M LIZHS MH SHE Wety|o] MH X HE
SR, O ZE, LS, YR, AHA
Vg2 et st A7) AL g st
PR EUEE AEAEAY

Design and Fabrication of an LPVT Embedded in a GIS Spacer

Seung-Gwan Park!, Gyeong-Yeol Lee!, Nam-Hoon Kim', Cheol-Hwan Kim?, and Gyung-Suk Kil'

! Department of Electrical and Electronics Engineering, Korea Maritime and Ocean University, Busan 49112, Korea

2 Railway Facilities Safety Division, Ministry of Land, Infrastructure and Transport, Sejong 30103, Korea

(Received December 5, 2023; Revised December 19, 2023; Accepted December 21, 2023)

Abstract: In electrical power substations, bulky iron-core potential transformers (PTs) are installed in a tank of gas-insulated

switchgear (GIS) to measure system voltages. This paper proposed a low-power voltage transformer (LPVT) that can replace
the conventional iron-core PTs in response to the demand for the digitalization of substations. The prototype LPVT consists of

a capacitive voltage divider (CVD) which is embedded in a spacer and an impedance matching circuit using passive components.

The CVD was fabricated with a flexible PCB to acquire enough insulation performance and withstand vibration and shock during
operation. The performance of the LPVT was evaluated at 80%, 100%, and 120% of the rated voltage (38.1 kV) according to
IEC 61869-11. An accuracy correction algorithm based on LabVIEW was applied to correct the voltage ratio and phase error.
The corrected voltage ratio and phase error were +0.134% and +0.079 min., respectively, which satisfies the accuracy CL 0.2.
In addition, the voltage ratio of LPVT was analyzed in ranges of -40~+40°C, and a temperature correction coefficient was applied
to maintain the accuracy CL 0.2. By applying the LPVT proposed in this paper to the same rating GIS, it can be reduced the

length per GIS bay by 11%, and the amount of SF6 by 5~7%.
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Table 1. Relative permittivity of dielectric materials.
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Table 2. Specifications of prototype LPVT.

Material Relative permittivity (&) Parameters Values
Epoxy 3.5~4.5 Diameter [mm] ¢ 230
Neoprene rubber 6.7 Height [mm] 12
Silicon dioxide 39 Width [mm] 3
Sensing electrode
Teflon 2.1 Thickness [0z] 1
Insulation layer [mm] 0.2
Kgo olH A 5] SAA U 2ol Relative permittivity (&) 4.7

S e, diadQl 2Arige] vl %(&)% E:3
LHER QAT [16,17].

FAA W =7 mRlEo] o5 FshA]= HlRAle2
DALY o] 3o 95 FFe et Aoz [FAA]
© 2o T2t LA ol s =7t FetA fAAY Bl

o] ‘ﬁ?ﬂraﬂr GIS AHo]A S /g5t Q= 2A=2<
© =7t gotd a5 v RAl &0l S7tsta vt o)
et A FA v f &2 7 =200 et AFo]
0 220 IhE Bl R4S ¥t A= B3 oA F

Atol7t It} [18-21].
of AJA|AF LPVT& AL
A &H < &3l &7
Oﬂ GIS9 } 2o met o] FA]9) vl fAdE0
ot H5AlE etz Qlsh A &3ol FehAIY,
EolM 58d 2R A 832 7oz EA
© &0 o5 ZtAA gt 22Er |2 2
HHAA *}%%

7] HaliAE 2

7] tfEoll & %E

2 Agstgct.

N Jo 1 ©

LFI'U:_;OD\I_,

7‘<jol- %

4k

Qo 8o B i
ox O oL 1 T rfo r% Mo 2

:Im Hn ﬂ:
ol ﬂJ-I)('

-

i 2}

Hu:
EO

1o
m[o oY

g
ok oo O fon B

DS

I-HF[II

r-[ﬂ
_>L

(@)

Capacitive
voltage divider

HYV Conductor
i

¢ 230
Metal shield

enclosure

Rm VL

Fig. 3. The prototype LPVT: (a) structure and (b) photograph.
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Table 3. Specifications of the equipment.

Item Specification
GIS chamber 72.5 kV, SFs insulation
HV Tr. 10 440 V /350 kVims, 100 mA
IVR 0~480 V, 50 kVA
~150 kVims, 0.5% (full range
HV divider 0.1% (30~5(() kV) =
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Fig. 4. Experimental set-up: (a) configuration and (b) photograph.

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 2, pp. 175-181, March 2024: Park et al.

HV divider= 578 A 99 0~150 kVoilA] 0.5%°]A] %,
2 Ao 574 t9Ql 30~50 kVojlA= DAQZ AHA| H]

Wt Avp, e 0.1%2 UERHTH & S804 17t
M 548 HV dividere} LPVTY] £ AYS SA] A
=39 DAQ=Z H& A vlusty] g0 £8A WA
BHEE SN AR S et &, SA71EY A
Al Alof] & HV divider?] B& 3fut WA QS He=
HATS LPVTS A5t 243 455 €2 - o

4.2 H&xz "It

AR|EF LPVTO] 57 A58 IEC 61869-110f w2} &
7 M) 80% (30.48 kV), 100% (38.10 kV) ¥ 120%
(45.72 kV)ol A 2dulet Y4 QAFS Bl 245t
LPVTY] AA Bl 100,000:10]0, Al (2)9} (3)0.&
FH 24y @XHe)t A 2AHe, ) S AFEstAH [13].

x 100 % 2

_ K Vi-Vy
vV,

_ V- t(VL)[ min.]
e 0.77

Al (2)01M K2 A =48], Ve 718 28712 574
SHRIZF AL, J2]a V2 LPVTY &3 Jfolct. 4] (3)
ol (Vukt t(V )z 242 718 4712 5783 A7 A
&t LPVTY] &3 mp& o] g7 1w AHzero crossing)o]tt.
A4} @ A= IEC 61869-110] w2} minute @9 2 A5}
7] 9Jaf oF 0.772 U+0] usS minute o 2 gHAtslIct.
A7 FQFe] 80%, 100% L 120%0| Al A3t Vet 1V,

U Al (2)9 (3)0.2 4T3 Bu] K)ok $14F 27Hp.)

(b)

=S
s
&)

(Y dvider J§

LPVT GIS chamber

p j ‘-l' Us:"b" .
5 - X




J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 2, pp. 175-181, March 2024: Park ef al.

Table 4. Measurement results of the LPVT.
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Ratio error Phase error

Test volt Vu [kV Vi [mV
est voltage u [kV] L [mV] e [%] o, [min]
0.8 Ur 30.444 303.963 0.157 77.927
1.0 U: 38.102 379.755 0.334 77.921
1.2 U, 45.722 445.920 0.285 77.925

(a) " T e Applied voltage (b)

LPVT output
-45550. 0us -1. 00ovRmS (CH1) 3.31026”‘) WIXiCHZ)‘ 379.755n0 ] 4450. Ous

CH.: Applied voltage [ 20 kV/div, 5 ms/div]
CHa2: LPVT output  [200 mV/div, 5 ms/div]

CH.: Applied voltage [200 us/div]
CHa2: LPVT output  [200 us/div]

Fig. 5. Output waveforms at the rated voltage: (a) voltage waveforms and (b) phase deviation.
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Table 5. Evaluation results of the LPVT after correction by IEC 61869-11.

Corrected ratio error ecor U [%]

Corrected phase error ¢e cor [min.]

Test voltage - -
Measured value IEC requirement Measured value 1EC requirement
0.8 Ur -0.042 +0.073
1.0 Ur +0.134 <0.2 +0.079 <10
1.2 Ur +0.085 +0.075
Start LIS - |—=— Measured value T
ﬁ [—<— Compensation factor
110 Corrected value ]
Initialize Manual 105 L 4
hardware trigger

‘ No

Parameter
setting
l Yes
Read data frame Analysis of
N=n+1 signal
No 1
CFyand ¢, o
Application
isiti Result
Acq\{nsnhon \ End
Sampling data display

Fig. 6. Flowchart for LPVT accuracy correction.
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