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A Study on the Deterioration and On-line Diagnosis Equipment

far Surge Protective Devices

by Kyoung-Soo Park

Department of Electrical: & Electronics Engineering
The Graduate School of Korea Maritime and Ocean University

Busan, Republic of Korea

Abstract

This thesis dealt with the deterioration and an on-line diagnosis
equipment for surge protective device(SPD). An accelerated aging test
was carried out using a 8/20 ps standard lightning impulse current to
analyze the changes of electrical characteristics and to propose the
diagnostic parameters and the criterion for deterioration of metal oxide
varistor(MOV) which is the core component of SPDs.

The leakage current of MOV increased whereas the reference
voltage decreased with the aging process. When they changed more
than 10% compared with the initial values, the deterioration was

accelerated. On the other hand, since there was little change in the
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clamping voltage, it could not be used to evaluate the deterioration but
its waveform could be applied to verify the operation of varistor. In
addition, the criterion of soundness MOV was proposed.

Based on the experimental results, an on-line diagnosis equipment
for SPD was fabricated, which can measure total leakage current,
reference and clamping voltage. The leakage current measurement
circuit 1s composed of a low-noise amplifier and a clamp type
zero—phase current transformer(ZCT). A linear controller, a data
acquisition module, and a HVDC supply were used in the measurement
of reference voltage. The clamping voltage measurement circuit
consists of a surge generator and a coupling circuit.

In a calibration process, measurement error of the protype equipment
was less than 3%. From the experimental results, it was confirmed
that the proposed equipment is avaliable to diagnose the SPD condition

1n operation.
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Fig. 1.1 - Surge protective devices
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Fig. 2.3 Occurrence of lightning surges
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Table 3.1 Damping condition

I A 5 & A A 5 B E A
1 R*? 1 R? 1 R?
N [ R —_— _— _
A == LC = 4L’ LC~ar? | LC 4’
V V V
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Total leakage current [pA |

Total leakage current [uA]
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Fig. 37 Change of leakage current
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Table 3.3 Leakage current of varistor A
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AA FAAF AgE FAAR
34
Z4% WAl | E7h& [%6] | A% WAl F7hE [9%]

A F 394.7 - 3.54 -

1 (503]) 395.1 0.11 491 38.7
2 (803]) 398.74 1.02 0.41 52.82
3(100%]) 395.3 0.15 8.37

4(1203)) 397.58 0.72 1.88

5(1403)) 399.93 T 3.94

6(1603]) 402.76 2.04 10.47

7(180%]) 405.92 2.54 11.64

8(200%]) 406.9 3.09 12.44 100 %=}
9(2203)) 405.5 2.74 11.69
10(2403]) 407.4 3.32 12.17
11(2603]) 409.7 3.81 16.71
12(280%]) 437.4 10.81 24.93
13(300%]) 794.2 100 %3} 38.71

o4 -




F 34 wElxY Be vAAR

Table 3.4 Leakage current of varistor B
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AA FAAF AgE FAAR
34
Z4% WAl | E7h& [%6] | A% WAl F7hE [9%]

A F 371.08 - 4.46 -

1 (503]) 372.7 0.44 59.98 38.71
2 (803]) 373.19 0.57 6.98 52.82
3(100%]) 374.52 0.93 8.41

4(1203)) 376.94 1.58 1.33

5(1403)) 377.64 177 9.41

6(1603]) 379.8 2.35 11.46

7(180%]) 381.17 2.12 12.41

100 %=}

8(200%]) 383.09 3.24 13.77

9(2203)) 384.18 3.93 15.47
10(2403]) 385.7 3.94 23.4
11(2603]) 416.7 12.29 33.47
12(280%]) o712.1 100 %3} 2048.1

25 -




3.32 71EA¢

Set

Fig. 3.8 Change of reference voltage
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Table 3.5 Reference voltage

vtEl A~H A vl 2 E B
34 ) )
FAF V] | FA2E [%] | FA# V] | Fa2E [X%]

A 450 - 490

1 (50%]) 449 0.22 490

2 (80%]) 447 0.67 487

3(1003)) 446 0.89 487 0.61
4(120%]) 445 1.11 487

5(1403]) 444 485 1.02
6(1603]) 444 1.33 483 1.42
7(1803)) 444 482

1.63
8(2003]) 447 482
0.67

9(2203]) 447 480 2.04
10(2403]) 445 1.11 464 5.31
11(2603]) 427 o.11 356 27.34
12(2803]) 374 16.89 248 49.39
13(3003]) 300 33.33
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A3l A wet AsrALe 18 399 o] Wyt A9 Ak A
F 3 d3td vpEaE e AEGLE 22 699V, TR VR oF 8% S 7t
ottt o2 mebu| g vl WEEo] m iy Wi WIgw A R

E: S2AF [100 A/div, 5us/div]
oA AY [200 V/div, 5us/div]
(a) 25+
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(c) &2

a9 39 ARAstel W)

Fig. 3.9 Change of clamping voltage
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412 N=A% SAHI=

7Ied SANEE 29 44(a)ek 2ol AA(DAQ unit), A EH A o
F(Micro processing unit, MPU), 2l Ay @AHE 2 FAHA[F =4
2 FAE 44(b)ek 2ol skl oA FHs| R T2E AAe
o AR AYs S7HNA AR FAAT 1mA 35 W vielay g

. - Upto
MPU - 1.5kv
DAQ umt
: HVDC Varistor
Voltage monitor
y
GND

Leakage current measurement -

(a) T4~

Start

Y
Increase
voltage

Y
Measurement

current

a9 44 VA SAH =

Fig. 44 Reference voltage measurement circuit
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T
=

AgA e AF

2

o WA FHANS e FEolth
MPUI A PWM(Pulse width modulation) #|ojel] whe} ofgd =1
ARG TG o] AgAlo] At Qlybstel =Y

Duty ratiog 0 ~ 255 H{l oA #Alojghar, AgAlo] FAFe] ¢
~ AV7EA] skl ofo wel A

A2 st AtAlol BAle] APAGT wAF WAL FLAG

E 42 99 Al wE =959 W

Table 4.2 Chage of output voltage by input voltage

48 A V] =3 AL V]
0.508 200.52
1.013 400.36
1.522 601.29
2.026 800.02
2.535 1,000.33
3.042 1,200.46
3.561 1,403.75
3.819 1,502.94
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o] Aujeo] 17txo] A&E"E fIe] Ak FHE Hodtr] flste] 19F
2B (High-pass filter) 2 AZH3I2E AASAY. FHd571 +& A

AAARL Ao AR BRoz AN FES AL, F

b =2 MAAE AESHIRE Sske] niE]laE ol F]iEith
Surge generator Coupling circuit
Fmmmmm e e e e P e PR
|
| |
| o oMW oM A ——]|
| SWC RC SWD L RL | : RC CC
|
| T
I — |
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| %_ CT : I c
| | |
| | |
| 74
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(a) %=

[100 A/div, 5 us/div]
3| 2
Fig. 45 Clamping voltage measurement circuit
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Fig. 4.7 Leakage current
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