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Design and Fabrication of an LPVT Embedded in a GIS Spacer
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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 coefticient 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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Fig. 1. Application of tank type PT in GIS.
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Fig. 2. Principle of CVD in LPVT.
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Table 1. Relative permittivity of dielectric materials. 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 3.9 Width [mm] 3
Sensing electrode
Teflon 2.1 Thickness [0z] 1
Insulation layer [mm] 0.2
K82 o] Ao oJa] QAA U B2o] 5 /\-15]5 e Relative permittivity (&) 4.7
S UEHUY, di2AQl AR 9] v|gAda(s)= & 1]
UERH AT [16,17]. 3. M 2 M
A W A=A ZHE o5l ARl vlRAlE
UAfel o500 oo FYE Lk YO A ARIE LPVTE 837 29 N9} 25 2112 o]2
= =0l mep Ax} of 5=t gebA RAM BIRAE opx omua A g2 2t} Sk B AA
o] Wigkettt. GIS AmolM S F/dstal )= BAZRN ol L Gis Amjo| Ao YAtE|= 2500y, 9]Ho] AT} &
FAE 2wt wol A SR &0l SIS WHE B o) 24y 4 912 2 flexible PCB PE) 2 AlAtstoct. &
Q ZAasttt o EA|Q] v g2 /4 220 Eqa_} R}o] 3t Amfjo]A] A3 A] YhsH= o 2 ol5t AlA]o] Bia S 8}
ZPaon SR TE NIRNE Aot BE EAARA S 7o) glalinf 22 2 M4 € 717l PCB (high Te) S

Foll et o]zt Qlck [18-21].
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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. 1¢$ 440 V /350 kVims, 100 mA
IVR 0~480 V, 50 kVA
HV divider =150 E‘i;ggi/‘;éf&)range)
DSO RTE-1054, 16 bit, 20 MHz, 2.5 GS/s
DAQ NI-9220, 16 bit, sim., 100 kS/s, 0.01%
(a) HV—
HV divider
4
° Voul
LPVT
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Fig. 4. Experimental set-up: (a) configuration and (b) photograph.
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Table 4. Measurement results of the LPVT.
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Ratio error Phase error
Test voltage Vu [kV] Vi [mV] .
& [%] @ [min]
0.8 U- 30.444 303.963 0.157 77.927
1.0 Ux 38.102 379.755 0.334 77.921
1.2 U 45.722 445.920 0.285 77.925
(a) ™ o B Applied voltage (b)

-10. 00Ky
(e T.0000

LPVT output

45550, 0us -1.000vRNS _(CH1) 3.81026kV Rns (CHZ) 379.755w0

CHi: Applied voltage [ 20 kV/div, 5 ms/div]
CHa: LPVT output  [200 mV/div, 5 ms/div]

4450. 0us.

CHi: Applied voltage [200 us/div]

CHa: 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 ge cor [min.]

Test voltage . -
Measured value IEC requirement Measured value IEC 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
T T T T T T T T T T T T T T T T T
Start LIS |- |—=— Measured value T
—* 110 - —— Compensation factor| |
. Corrected value
Initialize Manual 1.05 | 4
hardware trigger

‘ No

Parameter
setting
l Yes
Read data frame Analysis of
N=n*1 signal
No 1
CFyand ¢, o
Application
SAcq\{isition Result End
ampling data display

Fig. 6. Flowchart for LPVT accuracy correction.
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Fig. 7. Changes in the LPVT’s output as a function of the ambient
temperature and the corrected result.
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