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A Study on the Effects of Air-terminal Shape to Performance of Air-terminal
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ciortrs;rJd'nuarrnirnrrrud'ruvrru6uiiraolo-sIorirulufl1:yrerdourirnr:motdottttavin6'rutt:.lduqsn:vttaot:':

ri.:ar nrrururn:$ru IEC 60060-1, IEC 60060-2 uau IEEE 4-1995 rirl.tuer t{ant:vteldolnrl'irrru'orirnrrudrumrudu

,n^udu r io#rL qnraruf6lunr:rir{ruro{d"njrrior1rull (a) ilnruttrnil, (b) rJarfluu, (c) ilaron:':tl, (d) vl:{nail

rJaruilu unv (e) ilarurrilail: rran fiqoraruri61unr:riro',uri',uo 0.rr-0.27,0.10-1.10,0.29-1.30, 1.08-5.36 tlae

0.33-1.56 njofrfiudflrilcird'l qorarurin^lunt:tit.ttutold'lirdorflrtrll (b), (c), (d) ttas (e) firirn':ruoirumrudu o

lor{n fiqnrarurifilunr:dxrucirn'jrd'rdrdot1rtrut (a) 6.'7a,0.27, 4.84 LLav 22.20 rrJofrdusinrleird'u ttas

qnrarurio^lunr:lixrud'urfluruarurorngild'nuarvd'lirriofirtrasnirnrrrudrumru6uvlu'ir 6'lrirciorlrrrul (a) fi

qnralrior^1unr:lir.:ruq.rn'jrulu (b), (c), (d) ttav (e) lu4nrirnrrrLdrunrufirirnl:llodolJ

ririirffcy, d'lirciorXr, rirnrrru6'rumru6u, asrirLtuoi qoraruriolunr:rir.rruto.:6'lircioflr

Abstract

This paper presents the study on the effects of air-terminal shape to performance of air-terminal. The air-terminal

used in the experiments has 5 shapes and simulate earth resistance in range 0-5 ohms. The experiments and measurement

use negative polarity DC high voltage test according to IEC 60060-1, IEC 60060-2 and IEEE 4-1995 standards. The test

results show the earth resistances are increase I ohm the performance of(a) sharp, (b) blunt, (c) cone, (d) round shape and

(e)multipointair-terminalshapearedecreasein0.ll-0.27,0.10-1.10,0.29-1.30, 1.08-5.36and0.33-l.56percentrespectively'

The performance of(b), (c), (d) and (e) air-terminal shape at 0 ohm earth resistance are lower than (a) air-terminal shape are

6.74,0.2j, 4.84 and 22.20 percent respectively. The performance of air-terminal shape and earth resistances of (a)

air-terminal shape are higher from (b), (c), (d) and (e) air-terminal shape for all resistance range 1n test.

Keywords: air-terminal, earth resistance, streamer, performance of air-terminal
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o-s lorix

Air-terminal types Phenomena
DC High Voltage Negative Polarity (kV)

ROQ RlCI R2c) R3c) R4(-l Rso

(a)

Corona t6.44 r 6.68 16.92 t7.34 17.61 17.89

Streamer 45.23 45.28 45.30 45.31 45.33 45.35

Breakdown 52.55 52.67 52.80 53.14 53.25 53.45

(b)

Corona 4r.43 41.45 4t.49 41.51 41.53 41.55

Streamer 48.28 48.33 48.50 48.62 48.70 48.81

Breakdown 54.47 54.48 54.49 54.51 54.s2 54.53

(c)

Corona 26.t1 26.14 26.t7 26.21 26.25 26.3Q

Streamer 45.35 45.48 45.61 45.73 45.83 45.94

Breakdown 52.77 53.01 53.34 s3.68 54.01 54.34

(d)

Corona 37.65 37.97 38.28 38.59 38.89 39.17

Streamer 47.42 47.93 48.46 48.97 49.55 49.96

Breakdown 58.45 59.00 59.62 60.34 61 .00 62.07

(e)

Corona 16.28 16.44 16.60 16.75 16.88 17.05

Streamer 55.27 55.45 55.62 55.81 s5.97 56.1 3

Breakdown 58.70 58.88 s9.04 59.23 59.46 59.69

Air-terminal types Phenomena
DC High Voltage Negative polarity (kV)

R OQ RlCI R2(-l R3(l R4C) Rscl
(a)

(b)

(c)

Streamer 100.00 99.89 99.85 99.82 99.18 99.73

Streamer 100.00 99.90 99.54 99.30 99.t3 98.90

Streamer 100.00 99.7 r 99.43 99.16 98.94 98.70
(d)

(e)

Streamer 100.00 98.92 97.81 96.73 95.51 94.64

Streamer r00.00 99.67 99.37 99.02 98.73 98.44
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E
md

wW

E 0.585 kV/mm 1.609 kV/mm

(a) E (b) E (c) E.
corona stremer breakdown

grJd s runn r:iirao{nr:n:;0rfln?rilrn;uqauril'lv'htrclolsi'-:ritriofitrruu tal

1.551 kV/mm

\\

:rJfi s r{anr:iiraolnr:n:;oruorrrra6uordurillv{fircJo{6':rjreiorlrrrul (u)

0.891 kV/mm E 1.547 kV/mm
md

(a) E
corona

(a) E
corona

:rjd ro

(b) E
streamer

(c) E
breakdown

(b) E
sreamer

(c) E
breakdown

ruanr:iiraolnr: n:u0tun'nlJtnEooraurrL'lv,hlrto.:6'rrjrciofl lttuu (c)
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(a) E
corona

(a) E
corona

.ri
auYt 12

(b) E
Stemer

(c) E

(c) E

breakdown

breakdom

grJfi r I n a n r : iir a o r n r : R : s 0'r un ? r il rn3 fl o au r il 1 ?,hl r r o,: 6'lh ei o fi ruu u (d)

(b) E
steMer

nanr:iiraornr:fl :sorun?rilrn3fl nauril'h,hlrto,:rfi':rirciorllrul (e)

01n9ilfi 8-12 dlllt;nttant:sriutt:.ri'urravriinrrrurn6flflauru'lilrlrfiInl:uliilrfrenr:aflr{aniilrilofrrnc
e-o,"'!

n r : ru : n n r r u r o.: sr'rti r ri o rtr r ri'.r s g rJ a-n u nr y'l 6' 6'.: n r : r.r fi r
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nr:r{d3 r{anlrd1ao{nirn:run3unaurrulv,lfirto.rd'rrirrioflrvi,r s grJd'nuarv

Air-terminal types Phenomena
Earth Resistance R" 0 C)

Voltage Level (kV) Electric Field Stress (kV/mm)

(a)

Corona 16.44 0.585

Streamer 45.23 r.609

Breakdown 52.55 1.870

(b)

Corona 41.43 1.55 I

Streamer 48.28 r.808

Breakdown 54.47 2.039

(c)

Corona 26.11 0.891

Streamer 45.35 r.547

Breakdown 52.7',| r.800

(d)

Corona 37.65 1.658

Streamer 4'7.42 2.088

Breakdown 58.45 2.574

(el

Corona 16.28 0.584

Streamer 55.27 L984

Breakdown 58.70 2.108

0rn r{anr: iildo{n ?rurni ug au rru 1v'|flr6'ru
S I 14 tt4 daa ? p d I atil:trn:il tl,'l tu90ariluytd'lt:0911 9l.lgr1:1.lYt 3 ililtt

d 14 t9,l tl a t I
n ? I u [n : u9t fl u I tJ I v,t 1\ I I o.t 9i": rir ri o r1 r rrl I (a) fi n r n r

n'jrurr (b), (c), (d) rras (e) luUnrl:rnflnr:€ffidl
49

n I : il 9l do u q{ do fl n a 0 { nu f{ d n I : Tfi do u n iu dtJ u 9l

1 u n r : rir.r r u I o { a-l dr 6i o fl r fi ni r n r r ru dr u m r u 6 u 1 u

qir.r o- s i o r{ru 6'r u 1 Tl rt r r r :.r d'u 4r n T v u d er :.r ii1 n u
-Aq.lstl:t.lvt I

5. d:il
01fl fl 1: ila doull tEildilfa1u nr: drl ru ql o.r

'tltt)n?u] aont0'tnfitn?'trJetluvrruaulurix o - s lorilr

d'w r : r.: fi t uav 21 n er dr.r o^.r q nr ail risr^ 1 u n r : ri r { r u d ri l
n ? r il dr u vr r u 6 u o I o #rL u u'i r rruao ri r n r r ru 6'r u m r u 6u
:i s /

11{ rJ I u r r o 14 rJ n al d:.J il et^lu n r : yix r ur o I d'flirri o rx r
o ri | @ ri
run r:rilauurrlj a,: 9.::lJ11 I 3

or n nr: ne ;ouH rqil dilfel^lu n r: rirrru o rn

g rJ d'n u or v d"r rir ci o rX r s g rJ d'n u ar v I n o dr r 6.r q or aru dor^

1u n r : rir'r r u r o'r 6'nir ci o rt r r ril r ( a) fi ni r n r r ru dr u vr r u
Astviqu o lodu d'{err:t{fr 3 ilu'irnfldurjsi^1unr:rir.rru

I o { d'? dr ii o ri r d'u ru^ o.: rr 1 o r n g il a-n u nr v pi": rir ri o fl r

fi nnr arurio^lu n r: dr iruufl nsi r.rri'u d'r: ilfr t+
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Air-T€rminal Performrnce

102

I00

-98
i

92

90

+ (a,

-+ (b)

* (c)

-rt (d)

+ (e)

R€ (())

g rJ fi r r ru n n r : ril3 ou rfi au q ar ar rio' lu n r : rix r u r o,r

6'rrir eiofl rornsirnrrrupflrumru6u

g rJ fi u fl a n r : ril3 uu rfi ou q tu aru ri6lu n r : rir { r u cr o.r

rfi'rrirciorlrorngrJd'nuar:rfi'lirciofi r

0r nfl riyrFr do ur rq ru aruriorlu nr:drr ruro.r

d'rrirciofird'urflu ruaorn: il fi'nusus d":rirriofi runvnir

n x r il dl u m r u er^ u I n u m q a o u ril5 u il rfi €J u : s r.r'i r,: d'lir
riofir s grJa''nuruv fi:suvrrnil 8 lryufirile: ovuu'jrfr

tta j 
' e/ a :, j s /

: y ue ttfl lJ tm 1 nu lil o n 1 fl ']-ltJ 9t tu yt.tu ft u [?I lJ lJ u I | 0 fi ]J

1 u ri'r'r ni r n r r ru r{r u n r u o - s I o riru r ila o nl€ u u r fi u u ri'u
q^q.j

n ru drL :isr- lu n r : rir.r r u fi ri r n': r r dr u m r u 6 u o J o #ru

q tu aru riolu n r: rir{ ru cJ o r ei': rircio r1 l rr r (a), (b), (c),

(d) r ray (e) fi q or arL ria,i'lu nr:rir,: rusita { 0. 1 t -0.27, 0. 1 0-

r.10, 0.29-r.30, r.08-5.36 rray 0.33-1.50 uJofrfiupi

n r ru dr d'u q u a rL ri61 u n r : rir r r u t o r d'r rir d o fi r r m r
(a), (b), (c), (d) uav (e) fiqorarurin^lunr:rixruusrnsir.:
-Ard4vvaq

n u ril o rll : rJ u lyr u u n il n il d il risr^l u n r : rir i r u r o r d r u r

riofi rrrrr t at fi qar arLriorlu nr:rir.rruei rci 6.7 4, 0.27,

4. 84 ua e zz.zo nloi fiu siqr r ru iir d'r e u aru rTsr^"l u n r :
rir.: r u d'u rfl u zu a ru r o r n g rJ d'n u ru y 6'r rir ci o rl r u n v ri r
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