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A Study on the Influence of the Third Harmonic Voltage and Ambient
Temperature on Online Deterioration Diagnosis of Metal Oxide varistor
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A Study on the Influence of Third harmonics and
Ambient temperature on online Deterioration

Diagnosis of Metal Oxide Varistor

by Tae-Ho Kang

Department of Electrical & Electronics Engineering
Graduate School of Korea Maritime and Ocean University
Busan, Republic of Korea

Abstract

Metal oxide varistors installed in power system to protect devices
from transient voltage are degraded by repetitive protective operation
and environmental factors. The third harmonic component of the total
leakage current is applied to evaluate performance of the varistor for
the online measurement. However, when the harmonic component is
included in the AC power source that the varistor is connected,
leakage current unrelated to deterioration increases or decreases, and
the electrical characteristics change according to the ambient
temperature of the wvaristor. Therefore, the influence of the
installation environment such as ambient temperature and harmonic
component of power source should be considered to improve the

accuracy of the diagnosis of deterioration of the varistor.
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In this paper, the influence of electrical parameters were studied in
accordance with the third harmonic component of the power source
and ambient temperature. As a result, the third harmonic component
of the total leakage current was changed from -19.4% to 6.62% for
new varistor and -40.67% to 42.43% for deteriorated varistor, based
on the ambient temperature of the varistors at 25C. The third
harmonic component of the total leakage current increased by 100%
for every 1% increase in the third harmonic voltage of the AC mains,
regardless of the phase. Therefore the third harmonic component of
the total leakage current used for on-line diagnosis should be
compensated based on the third harmonic voltage and ambient

temperature to accurately diagnose the condition.

KEY WORDS: Metal oxide varistor (MOV), Deterioration diagnosis, Leakage
current, Ambient temperature, Third harmonic voltage
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Fig. 3.1 Surge generator
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Table 3.1 Electrical parameters of varistors

(at 25C)
Model. A B C D E F
Vrer [V] 688 676 789 666 745 789
It [pA] 558 569 539 829 756 721
Lya [pA] 7.68 5.94 3.93 7.75 4.74 4.78
Ir [pA] 0.48 0.34 0.29 0.36 0.19 0.18
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Table 3.2 Model value of sample varistors

Model. A B C D E F
Cap ([?HOHZ) 4800 | 4700 | 4600 | 6600 | 6400 | 6200
R (new)
T 648 524 | 1072 | 864 | 1.637 | 1728
R (degraded)
T 52.1 139 | 484 | 247 | 308 | 612

a9 34+ A71H gy S3AE Jdebdo SBAE ol &3t 7]
FAYVrep), A FARARI), AFE FEAAFGR 2 AA FHEAF
A 33 QRS SE3AH
PolA= 7] 16% Wstel= Alde d3t2 Ao
AAdFFol 73 ‘Bourns 4030° & w®lg]2E oFho] A sle] 7]
o Ak AFE HVDCE wlg] »~E
d 3.59 LabVIEW Z=2I8& o] §3dte AR oH, AFE +44
F+ DMM(Digital multimeter)ell FEAIES AA FARAF} AA 44
Fo Al 3zxy AHELS AC 220VE uHlg]zHel 7kAZ ¥, DAQ
LabVIEW Z233S& o] &3 dugFe o83t SH3AT 9% =
27t AAD 1x3 ZES SASH] ) LabVIEW Z 23] AH5

HLE (PP} 14 FElo] HIFEFDS 483t h

5|

a9

_P:J\

Z

)

AN
RO
e

il

o

. AR

4

o
I

N

Collection @ kmou



(a) AFZ

L.
[

/l\_fI tal oxid
© etal oxade
\ \0 / varistor @

D 4 Y| :
L d=a
% —
C)ZZOVAC HVDC § R ¢ E;g- DSO
() 3=

29 34 A7 shetolE A7
Fig. 3.4 Measurement system of electrical parameters
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Table 3.3 Specifications of varistors
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A AL Ejit: Liit:

Model. A B C D E F
Vrws [V] 420 440 460 420 480 510
Ve [V] 560 585 615 560 640 675
Vret [V] 680 715 750 680 750 820
Ipeax [KA] 70 70 70 70 70 70

Vetamping [V] 1,120 1,180 1,240 1,060 1,160 1,300

@500A | @500A | @S500A | @200A | @200A | @200A

Cyp [PF] 4,300 4,100 3,900 6,000 5,500 5,000
- 23 -
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Table 4.1 Changes of electrical parameters by absorbed energy

Collection @

L vy

1R

Ou

' A

er‘;“e‘fé‘;rb[i‘}] 0 | 100 | 200 | 300 | 400 | 500 | 600 & 700 | 800
Vet | 688 | 657 | 648 | 626 | 623 | 603 | 596 | 592 | 584
A I 558 | 557 | 560 | 562 | 563 | 565 | 566 | 568 | 570
La | 7.68 | 13.64 | 1546 | 1742 | 19.13 | 19.92 | 22.99 | 2495 | 25.95
Vret | 676 | 632 | 611 | 599 | 573
B It 569 | 569 | 570 | 570 | 572 g3}
La | 594 | 1272 | 1730 | 18.68 | 22.29
Vieet | 789 | 749 | 733 | 719 | 708 | 703 | 688 | 670 | 671
C I 539 | 539 | 538 | 539 | 542 | 542 | 546 | 546 | 547
La | 393 | 1125 | 116 | 13.67 | 166 | 168 | 20.08 | 21.78 | 22.25
Vet | 666 | 641 | 629 | 612 | 607 | 590 | 589 | 574 | 566
D I 829 | 831 | 831 | 833 | 834 | 841 | 850 | 857 | 862
La | 775 | 2034 | 27.05 | 309 | 3094 | 34.93 | 3625 | 3829 | 40.96
Veer | 745 | 703 | 679 | 636
E It 756 | 759 | 764 | 767 g3}
Lwa | 474 | 1802 | 2479 | 32.84
Vieet | 789 | 749 | 733 | 719 | 708 | 703 | 688 | 670
F It 721 | 724 | 723 | 725 | 726 | 729 | 733 | 739 | €3}
La | 478 | 1563 | 1829 | 20.85 | 2142 | 22.56 | 24.85 | 26.09
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Fig. 4.2 Change of reference voltage depending on ambient temperature
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Table 4.2 Changes of reference voltage

Reference voltage [V]

Model. Ambient Temperature [C]
15 20 25 30 35
new 712 703 688 672 666
A degraded 610 601 584 582 565
new 694 681 676 676 654
B degraded 586 580 573 559 555
new 801 794 789 782 776
¢ degraded 687 680 671 663 653
new 674 669 666 656 653
b degraded 590 577 566 549 537
new 763 750 745 740 733
: degraded 650 647 636 632 626
new 796 792 789 783 776
f degraded 684 678 670 661 653

a7 42 8 F 42« F9 25H3 e VEdAYe] HEE vE

b AFY A9, 25CE 7|F02 HAa -3.25%, A 3.49%2 Fho] W3}
S, A& 5.12%, A 4.45% =2 Fro] WIsIT. L
2 Aol F9 =9
. @A 71EH]tel 10%

ddor dsFo] 4
Zepel Aejel A vl 2E o] G} zgo
Wstol whe} grol 27 EE: AL U
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Fig. 4.3 Changes of total leakage current depending on ambient temperature
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Table 4.3 Changes of total leakage current

Total leakage current [pA]
Model. Ambient Temperature [C]

15 20 25 30 35

new 534 558 558 559 564

A degraded 551 556 570 578 584
new 547 567 569 575 581

B degraded 556 562 572 578 592
new 516 530 539 549 550

¢ degraded 537 542 547 553 579
new 820 822 829 837 842

b degraded 847 853 862 871 893
new 741 745 756 761 769

: degraded 742 759 767 780 799
new 710 715 721 726 726

f degraded 711 725 739 766 789
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Fig 4.4 Changes of the third harmonic component depending on ambient temperature
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Table 4.4 Changes of third harmonic component

Third harmonic component [pA]
Model. Ambient Temperature [C]

15 20 25 30 35

new 7.56 7.62 7.68 7.76 8
A degraded 20.39 22.82 25.95 27.12 36.96
new 5.46 5.83 5.94 5.97 6.02
B degraded 17.96 20.42 22.29 25.35 29.11
new 3.17 3.86 3.93 3.96 4.19
¢ degraded 15,9 17.9 P 2025 26.3 31.33
new 7.54 7.61 7.75 7.78 7.9
b degraded 35.22 38.01 40.96 44.71 49.52
new 4.59 4.7 4.74 4.82 4.83

: degraded 22.22 27.45 32.84 37.05 40.1
new 4.75 4.76 4.78 4.83 4.88
f degraded 19.95 22.63 26.09 32 39.99

Z3 AR WHE Yeldt 2F] A§, 2/5CTE 7102 Ha -
19.34%, AW 6.62% wW3stgom d3EFo AL, AL -40.67%, AU
Qo
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