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Abstract: This paper dealt with the deterioration characteristics and an on-line diagnosis equipment for SPDs (surge
protective devices). 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 ZnO varistor which is the core component of SPDs. Based on the experimental results, an on-line

diagnosis equipment for SPD was fabricated, which can measure the total leakage current, reference and clamping

voltage. The leakage current measurement circuit was designed using a low-noise amplifier and a clamp type ZCT.

A linear controller, the leakage current measurement part and a HVDC were used in the measurement of reference

voltage. The measurement circuit of clamping voltage consisted of a surge generator and a coupling circuit. In a

calibration process, measurement error of the prototype equipment was less than 3%.
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Table 1. Specification of a ZnO varistor.

430 V(= 10%)
275 Vac, 350 Ve
40 kA(8/20 pis)
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[2 kA/div, 10 ps/div]
[1 kV/div, 10 ps/div]

Upper : impulse current

Lower : clamping voltage

Fig. 1. Surge generator. (a) Configuration and (b) impulse

current and clamping voltage waveforms.
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Fig. 2. Measurement circuit. (a) Leakage current, (b) reference

voltage, and (c) clamping voltage.
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Fig. 3. Change of the leakage current. (a) Varistor A and (b) varistor B. ’/’F PO S e
\\
T ———
500 4-;7Vﬂl-isLt)17A — F+ Varistor_B
4504 = w m w4 w owoww o f';“% Upper : impulse current [100 V/div, 5 ns/div]

5.11%

Y‘

%400 § \ Lower : clamping voltage [100 A/div, 5 ps/div]
£
£ 350
E) 300 4 \ (C) P&
& 550 4 \ \\
= = L
°0 1 2 5 5 5 6 7 % 5 10111215
Set
TN
/ N
Fig. 4. Change of the reference voltage. S 4\‘\ )
N e
N s
= U B 1 t [100 V/div, 5 ps/di
oqu}7} ﬁﬁﬂ N\% 'IH» 7].7_]; 11 Set(16A71 }JA), 10 set pper : impulse current [ iv, 5us/div]

u - B Lower : clamping voltage [100 A/div, 5 ps/div]
(23.4pA)EH AZIZHA :3.54pA, B:4.46 pA) thy] oF

350% ol 3718l FEARIE FEE ARRE st
7t 343 AREAT, 22 AM0 AP FHNFA:
38.71pA, B:2,048.1 pA)= oF 108 o]4t Z71519ic).
A AR 7E Bt £7], RZIZHA 1394.7pA, B:
371.08pA) o8] £7h8-e oF 4% UITHA:1l set  7]E AYL vl AH
409.7 pA, B:10 set 385.7 pA)o=z W7t A9 ¢ HFAHAFE 1 mA7t &
Aot ols st AME A W, £ ofE] 10%  Jto] wep 37 4ok 7 2
o] AHA : 12 set 437.4 pA, B: 11 set 416.7 pA) 27} t} uvla]AE A9 AL, £Z1ZH450V) thy] ZtA
bk o sl NAElle T B9 A7 ¥ 10 sewbAl o 111%(445 V)2 Wab gioick 11 s
ARFES Qhstole Faprt FAs] AAEdct £ RE Asbt 78] KPEo] oF 5.11%(427 V) %*i
U 2% ik srelAE Bol A9, wre]AE A% vlRE

Fig. 5. Clamping voltage. (a) New, (b) deterioration, and (c)
failure.
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Table 2. Results of application test.

New Deterioration
Leakage current [pA] 437 1,471
Independent Reference voltage [V] 439 285
measurement
Clamping voltage [V] 590 612
Leakage current [pA] 453.09 1,520
Prototype Reference voltage [V] 438.05 283.54
Clamping voltage [V] 583.08 606.71
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Fig. 8. Measurement results. (a) Leakage current, (b) reference

voltage, and (c) clamping voltage.
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