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Analysis of characteristics for clamping voltage following the application of element for preventing
the short circuit of Metal Oxide Varistors for ZnO

Tae-hoon Jeong, Sung-Wook, Choi’, Je~seon Jeong™, Jae-chul Kim

Abstract - Recently, the natural environment changes drastically, and
the frequency of occurrence for lightning has gradually been increased.
Such lightning delivers high volume of energy along the power line and
communication line {o the equipment in use. The high volume of energy
arising from the lightning surge develops in fast velocity to destroy the
facilities in power source and many other facilities in operation in
sequential destruction with vast energy. In this thesis, the analysis on
the change of clamping voltage characteristics by the contact resistance
and lead inductance by using several case studies through the application
of element for preventing the short circuit of Metal Oxide Varistor for
Zn0.

LM 2

H2 A7l o B4l 4 REgog O HdHo] o
WY 28 surge L AR FFe] A4 29A surgedl o
o A ARG 2&/ES VR FAHLRE F4sla 9o B
8 ol oz dAE g Juxe AEM @ EAME g
I FEARFEE oyl ddEnh oldd 3E4F AYAs
weg &2 AYPsied A 2 T4 AuE AAvln 85
e FHYE 4408 AR E dAd ¥8 Ao =@
A @M E AesE AojAad FHoz lE o3 AHY
A 293 FF 98 24" HEFHA surge: FAE £ fle
el HAh g HHe AL & iR ddd o ¢H
9l dule A& 2SS, UY 24302 dAHE N
$+ F71Hoz AHuld AEFE4SL ATFezH AFZUE A9
AREHOE surge REAAY 4248 o g
2 =84 ALY 454388 vesy &2 EPCOSY Strap
type 40KAW %2 275Vrms wel2EHE FF22 ARSI ALE
Ago] A7tE Aol H AARF € A7IHA 2EG 2 g5 &
2 & AN BAHE GFFIE ADE] A% 2R 4F5H9 @
gl g F2E 2459l BussmannAtel TVSS Fuse Series&
o] &% Clip type®} Axial lead typeS H g3, Hlg2H A& A
HAHE 4¢ ZASY BHFEE AP Thermal cut-off
fuse type™ Thermal pellet& ©}-83¢] ulgle E&o contact®
P& oj 8 olge 5% diF SAHANEE At A g
A4 FH8-& IEC 61643 Class I (CW : Combination Wave)ol A
IEEE 62419 #1933t Cat C16KV/3KA) 2 Cat C3(20KV/10KA)
of d§ A48 dAEE ATEYS S AP 2% g
= Qg2 gg 71E9 60Hze uSEAZ UdrisE CWHHy 9l
EAE n@isd IMHzAAM 244 FA8d A8 Y EE Surge
simulator NoiseKen/LSS-6130, Thermo KeyTek/ECAT E521%
Oscilloscope Tektronix/TDS2024 , High voltage probe Tekironix/
P6015E AH8-3le] ATAYEAH L BA&h

2.8 2

nQ AR F5UAE vielavE vjelay Ade] i 4@ dd
A 5AE /HAD U Zn0Y YAate Wiy 5 HIHAEEE sfAn
A2y} dAH EAsE o 7bA AEB], Co, Mn, Nj, Sb etc) ¥
& A%E g FEUEE feaHY A2F 549 A U4 dela
8 grainol Z/E¥2 Adslol veidrh welide P-NEE GH9A
A g Ao ¢xF 2A%9: g2 2439 JUYAE A/ME2 ¢
29 oA vl 2B 2ulEAY Rz 928 AR P 5
A AU gk ol @ BAog U velabe 44EF H4§ 4
€ 2E37] 9% L2 gol AEHT g a2y F5A4E el
8 A% A7NAHL 2Edad A FUAFE F7k] BE FIY F4E
Boln 4 E Aoj¥ & & HF o4 AXE fes]ol vleay
b 2% d o dibyeR vERLE APy W] Agdgel uela
g Fgd dzidel de Ay £&d gA2E 459 A Rt 5
of BtAe] Y]l BAHE APAY 2HS A2 U 2 2
R ABdA AdFF EPCOSe Strap type 40KAW#He 275

Vrms 24438 welaHe ARAY H4E AFoz 5U 74
48§ vhelsEe] BAFE AAE Fuse 43 44 A 54 fe
24 s

2.1 BAUE HRIAHY S71Y2

2.1.1 S713Y

Rl 1 SHME sl2iAE] SI132

Liead inductance, C:¥}2l£¥ W% Capacitance, Rg:Zn0O grain A8(1~10
Q), Rv:ol 449l ulej 48 A 8H(0:0R), Rb:YAA (10" ~10Q)

2.1.2 Vi RasY
BEARE w28 3¢ WHY vl g vAAFEA, 34§
3%, 2AF g9¢2 v 5 A FHIFYEL FUIF ImAE V)
g2 @ 94%e dc
*ﬂﬁi‘ Eagw
Mumins
it
L we tp P © k' [ ¥ B A
<28l 2> AKBE Strap type 40KA HZ|2E{2] V/IRY SM

FARFAGAA o] 4HY vpElaEe] AL coojr) YA AGe] A
A Zn0 grain®] AFE FAE ¢ glov, OhmicA ¥ Rb7t ¥ & AFY
AolA EAd 4%E vAAHD V-IEHITHE 448 "l B8 Rbe
LxoELE NMXR Yeng 50 kst FAARI S B3
49& Rv<<Rb, Rg<<Rvyl 49922 Rys} A7/|HA EHE FHE.
VAFAE A5 o8 d&sied log-log 2ALNA Ad Aoz
wyELGA g

I=kV* a>1
a = (log f, —logl; )}/ (log V, ~ log V)

(4D
(542)

=aiel28l g §d 228 4% V=dlei a8 gud Zde A9

- 1531 -



k=vl2) 28 Elqlol st Aty A4 o= wAdY 44
4= 0lmA h=ImA

V, = DC 0.I1mAE Q7131 o viziay godl Hae A

V, = DC ImAE A718t9& o )28 Yool Feje A

<a@2>9 A$E Ao A4® EPCOS Strap type 40KA 244815
g 2H 0] VISAZAL FEE Aoz ol V|Foz ZZe wehyx
4 248 H439E A% vel2EHY 25Fgoi AdHAY WE
ate] BA gl

2.2 89 MM BY

2.2.1 Combination Wave(CW) IEEE 62.41 Cat C1(6KV/3KA)

/ 3
“
/'/ - ~ 8-y
- FuseiCips) + MDY
V Z, A FusiAeaiLoad MOV
- Tharmal hanlasial 0ad) MOV
y =3 MDY,

600 T T T T 3 T
1 2 3 4 5 6

orE g KY)
<1gl 3> Combination Wave 6KV/3KA @1KV/0.5KAAS Al BN

<a¥3>2 EPCOS Strap type 40KA S4AHE w2l 2H9 @& wx
£ 245 ALY 4Ed g IEC 61643 Class B (CW :
Combination Wave)ol Al IEEE 62419 #133}+ Cat C1(6KV/3KA)
AAA7 Agel we ARE TAE Aotk Combination wave
6KV/3KA Q171 A B4ALE Flo) Jehiidh

<E 1> Combination wave 6KV/3KA 17} A| BAZig}

MOV Fuse Fuse Thermal | Thermal
(Clips) | (Axial lead) | Axial pellet
A ?Va]_g 808 880 840 872 850

2.2.2 Combination Wave(CW) IEEE 62.41 Cat C3(20KV/10KA)

1709

1600 ;
1500 4
1400 4 7 a
g y
1300 4 S
p A
2. 1200 7 pe e
7 1100 ’-”"// =
by 7 A &
& Vs v
= 1006 4 ﬁ//’
- o
900 4 W =
-
800 4 ’/'j," vy
o —B- FusaiC W) o MOV
700 4 - i FutafAns] LasdMOV
Jhm
600 T T i

o 2 ; & é 1.0 1‘2 1'4 1’8 IIB 20 2‘2
o121 H gHKV)
<&l 4> Combination Wave 20KV/10KA @2KV/1KAAIS Al BN

<a¥4>& EPCOS Strap type 40KA 3441318 ulg) 289 ©g 3]
£ 248 AL 4Fd 9 IEC 61643 Class I (CW :
Combination Wave)ll4 IEEE 624191 #2338 Cat C3(20KV
/10KA) AAQ7E Aol 18 238 =A@ Aolth. Combination wave
20KV/1I0KA <17} Al S4ASHE E2o) el

<& 2> Combination wave 20KV/10KA 217} A| BMizig}

MOV Fuse Fuse Thermal | Thermal
(Clips) | (Axial lead) | Axial pellet

=y
’“%V’fﬂ 1230 | 1600 1340 1620 | 1260

2.2.3 Combination Wave(CW) IEEE 62.41 Cat C3(20KV/10KA)
§ 2KV/1KAR B4 4% Al @8 FES

~f- MOV

@ Fuse(Cipy) » MV
200 e Fusngidnd) Lea) MOV
R Tneimal fusethais mad)o MV
e Theimal petet OV
180 o v
/
160 /

@KV S HER
g

2 4 13 8 1‘0 12 14 16 18 2‘9 22
@xv e e

<& 5> Combination Wave 20KV/10KA @2KV/1KA Ei§| &4 A

#3 ez

<a¥5>L EPCOS Strap type 40KA 4A13E ule) A8 9 e ¥a
£ 2AE HE% 4% dF  Combination waveE @2KV/IKAZ ©9)
A% AZE o AdAgte] WFEL TAY Ao,

<& 3> Combination wave @2KV/1KA tH¢| &% A] &8 HEIT

MOV Fuse Fuse Thermal | Thermal
(Clips) | (Axial lead) | Axial pellet
R
A V] 60 93 75 97 63
23 R84 8y

<AYD>~<aP5>E A PA 8o Combination WaveE @IKV/O5KAS}
@2KV/IKA 992 4% A ASAY 54& B4 RA22 EPCOS Strap
type 40KA S4A3LE w2 2HE 7]1£22 B34S W thermal pellet& A
4% 449 BAo ¢ %3 dden, Fuse(Axial lead), fuse(clips),
thermal axial type€ 22 A @AY S4ol Fth 53], thermal pellets
o] g8 H$E A9sln: AAHLZ combination waved] @2KV/IKA ©
A Aol Yo £ MEEA ] YA HFaT AL ¢ 5 A

g =

Zn0 HAEY F&ARE vil2HY HS FFUZolRez HA7 £9
HAY A71FQA 2EH 20 g5 237 A<L9 S FeaFHd] ¢
7tE o] Qe A%A Lol o}/HAE Ao £ AANYY RN
g T3] vlx] @SR TI} AP AR gL 71%S A ik oy
AE0T &2 AEF do 9§ A L deEanst 2AE 4 Ak oy
@ 2AEE 2317 Y& Qudoz F&AHE ve]AHY Yo @
U g F2E WA AN BEE A sHed, of 3¢ F2E o
@ Ao ALESH e wel AVAYL SA40] WEA Gt B =
A& EPCOS Strap type 40KA Z4481E vlelAEE ol 889 B 22
o g AvAL 543 Clip, Axial lead typed] FZ9 2% Thermal
F28 AHgste 224y ARAUEN S g 2 23 HEAY ¢
HEWAd ot AfAYe EAd B& o7t Yehtoen, Thermal
pellets o] &% ulel2E EBEd APPoz HEZWL YAste W] 7}
Z AN ARE 4E 5 YUY TF NI HgE) g @
EolA BussmannAle] TVSS Fuse Seriesd] A $= 9% F=8
clipg °]8% HZF PCBol APHoz Y=g AYste @4
AN HEATLY Aolz AP ATFALY EAAo|s} TAFHE
AE & F Uk B =F M [EC 61643 £+ IEC 62305914 ¢
w8 3 A A€ (Lightning Protection System, LPS)o] o]
B3 EE Class 191 8133t Combination Wave(CW) 217} Al #)
VAYEAHANEE 3 Aoz FF & AYolA A}12d e F=
2 FEAGE vl 2EE o] 43ld Class 159 A¥EL T3 44
HEd F29 AATH Uz A ZS3E& NG AYel Qo
EY ClasslF9 AAQA7 Al A§GALGE EAale B =& 57
e tAFAH APe #F AYel Ut

[#32g#

[1] IEC 61643-1 Surge protective devices connected to low-voltage powe
r systems- Requirements and test

[2] Keith W Eilers, “Applications and Safety Issues for Transient Voltag
e Surge Suppressors”, IEEE TRANSACTIONS ON INDUSTRY APPLIC
ATIONS, VOL.36, NO.6, NOVEMBER/DECEMBER 2000

- 1532 -



