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A Study on the Effects of Air-terminal Shape to Performance of Air-terminal
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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 1 ohm the performance of (a) sharp, (b) blunt, (c) cone, (d) round shape and
(e) multi point air-terminal shape are decrease in 0.11-0.27,0.10-1.10, 0.29-1.30, 1.08-5.36 and 0.33-1.56 percent respectively.
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, 0.27, 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 in test.

Keywords: air-terminal, earth resistance, streamer, performance of air-terminal
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DC High Voltage Negative Polarity (kV)
Air-terminal types Phenomena
ROQ | R1Q R2Q | R3Q R4Q | R5Q

Corona 16.44 16.68 16.92 17.34 17.61 17.89

(@ Streamer 4523 45.28 4530 4531 4533 45.35
Breakdown 52.55 52.67 52.80 53.14 53.25 53.45

Corona 41.43 4145 41.49 41.51 41.53 41.55

(b Streamer 48.28 48.33 48.50 48.62 48.70 48.81
Breakdown 54.47 54.48 54.49 54.51 54.52 54.53

Corona 26.11 26.14 26.17 26.21 26.25 26.30

(© Streamer 45.35 45.48 45.61 4573 45.83 45.94
Breakdown 52.77 53.01 53.34 53.68 54.01 54.34

Corona 37.65 37.97 38.28 38.59 38.89 39.17

(d) 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

Corona 16.28 16.44 16.60 16.75 16.88 17.05

(e) Streamer 55.27 55.45 55.62 55.81 55.97 56.13
Breakdown 58.70 58.88 59.04 59.23 59.46 59.69

DC High Voltage Negative Polarity (kV)

Air-terminal types Phenomena
Re()Q, ReIQ ReZQ RE3Q R.-,4Q RGSQ
(a) Streamer 100.00 99.89 99.85 99.82 99.78 99.73
(b) Streamer 100.00 99.90 99.54 99.30 99.13 98.90
(c) Streamer 100.00 99.71 99.43 99.16 98.94 98.70
(d) Streamer 100.00 98.92 97.81 96.73 95.51 94.64
(e) Streamer 100.00 99.67 99.37 99.02 98.73 98.44
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0.585 kV/mm : E 1.609 kV/mm E 1.870 kV/mm

max : m;

mi

(a) E | (b) E ©

corona streamer breakdown

(@ E ®E ©E

corona streamer breakdown

(a)E (b)E () E

corona streamer breakdown
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E 1.658 kV/mm E  2.088 kV/mm E 2574 kV/mm
max max B max

(@) E (b) E (c)E

corona streamer breakdown
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corona streamer breakdown
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Earth Resistance R_0 €
Air-terminal types Phenomena
Voltage Level (kV) Electric Field Stress (kV/mm)

Corona 16.44 0.585

(a) Streamer 45.23 1.609
Breakdown 52.55 1.870

Corona 41.43 1.551

(b) Streamer 48.28 1.808
Breakdown 54.47 2.039

Corona 26.11 0.891

(©) Streamer 45.35 1.547
Breakdown 52.77 1.800

Corona 37.65 1.658

@ Streamer 47.42 2.088
Breakdown 58.45 2.574

Corona 16.28 0.584

(e) Streamer 55.27 1.984
Breakdown 58.70 2.108
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Air-Terminal Performance
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Air-Terminal Performance
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(a) ®) (© (d) (e)

Air-Terminal

Ui 14 wansnfisuieuguantalumsianuues
dnhaedhngldnsazdniaedh

NANINAFOUNIAUANTA TUAITTINIUYDY

s o ar <] v o o T
dniaefhduwilunaningldnvazdniaefuazen
ANuMUMUAY Tasnaaeunl3sufensenitedini
aoth 5 jUdnuue Aszezuny 8 uAWAT arnuNR
P o A P a & 4 o
szozunmiuilomanudumuaumuIy 1 Tory

[ ' r'd 4 =l Y
Tugemanudiuni 0-5 Tevy wenlSoufousu
pauaufalumsmaunnnnudiumiuau o Tevu
Auaulialumshauvesdniaeduuy (), ), ©),
(d)yuaz (e) aauiia lumMsnNNua1a30.11-0.27,0.10-
< I'd

1.10, 0.29-1.30, 1.08-5.36 taz 0.33-1.56 !ﬂﬂ{l%uﬂ
AuaIay fuautia lunsmauvesdnihaeuuy
(a), (b), (c), (d) uaz (e) UparautAlUMTMAIULANATS
i enlFsuifsniuguantdlunsmauvesdnh

sy () Hnuauialunsiaiaas 6.74, 0.27,
4.84 naz 22.20 nlesidudmumey qauandalums
mauswdunaunngldnvuzdnhdefwazan
AR MLAUNY dnhdefluuy (2) Haumuia
Tumsmauganiuuy o), ©), @ uaz ) lunam
LM agey

6. pnAnssulszma
qm%%ﬂf:"l@’ﬁuﬂﬁdua?uuamﬂ'uauuﬂﬁ
FennumIneasdans wede Uszntnisanwn
2552 ATeAALTR 05-2553 Amsd3idFnmudaly
ANNOLIATIZH tazveveuwsyRauiuetaga o fil

(BNEA1391904

[1] dh3e dedazern, 2549, Ienssutithusaga.
madrnmnssu i asedanssumans,
PN AINMTINNAY.

[2] u3ifis g Waaw, nBa 9w Laz Asad FanInind,
2552, msfinpwaznszhguinvazanifing
l¥hwessahaathaeudi 1. EECON 32.

T 323-326.

(3] Us1As Y Waraw, nBa ey uag Asad Faminsnd,
2552. m3finpwazdInswvnainuzauiAma
ldhuesdinidethaouf 2. EECON 32. wih
327-330.

-4

- - ar s o/ o
[4] Aseue ‘mmmwﬁ,unﬁiyg WAUAY LA AW IUNT

a

Iy, 2551. padnvazmaliihveumasih

G q
= ¥

¥1iaeieq. EECON 31. %11 251-254,

(5191548 FMINTNE,2 UsIATHT NAas Las AN Juns
W3V, 2552. msAnvwazInzHnuEnYE
malihwesTagiliviumderh. KUCON 47.
¥ 199-206.

[6] A5 Yand Twdiawna, 2546. tenensilsznoumsaou
Srnssulrlihussgeiuge. aoiiunaTulad
WszaounandIguNIsaIAnsEI.



215a1SHAIMNSSUANEAS S1sUORASTYUS 39

[7] Srinivasan, K., & Gu, J., 2006. Lightning as
atmospheric electricity. Proceedings of IEEE
CCECE/CCGEL, Ottawa Canada, pp. 2258-2261.

[8] HuNg 1‘%’114@11{]/‘147]{, 2552, PAMIMEOUIN
ngquree3 i 1. umInndedmnsuede,

[9] Amazing Wall Cloud — Lightning strike! — Storm
coming!. [p0% 1a17] 11D 1den -
http://www.strangedangers.com/content/item/13543
9.htht (19 NINYINAN 2553).

[10] 51703 thwewduns uaz MY ANAYYRIYYA,
2553. We (Lightning). M3ensanui/asade
wazguaw was 314 3 adiuit 9 Sunaw 2552 -
ANAMIUT 2553. wvh 60-66.

(111 anavdsanssuaouialsamalne lunszusu
sldus, 2546, nasgrumsilesiuihisiamsy
éaﬂgna%’n.ﬁw‘fﬂizaﬁ 2.31ATFIU 14N, 2003-43,

[12] International Electrotechnical Commission, 1998.
Protection of structures against lightning Part
1- 2. IEC std. 61024-1-2.

(13151703 thweuiund uas MYIUT ANAYYY YDA,
2553. ¥w1 (Lightning) (2). Nsesanudasasie
wazqvaw was 31 3 adiuil 1 Sguiou-Famaw
2553. 1111 48-58.

[14] Kuffel, E. Zaengl, W. S. and Kuffel, J., 2000. High
Voltage Engineering :Fundamentals. 2™ ed.,
Great Britain: Newnes.

{15] Naidu, M. S. and Kamaraju, V., 1996. High Voltage
Engineering, 2" ed., McGraw-Hill.

[16] International Electrotechnical Commission, 1989.
High - voltage test techniques Part 1: General
definitions and test requirements. IEC std.
60060-1, Second edition, 1989 — 11.

[17] International Electrotechnical Commission, 1994.
High — voltage test techniques Part 2: Measuring
System. IEC std. 60060-2, Second edition, 1994—11.

[18] Institute of Electrical and Electronics Engineers,
1995. IEEE Standard Techniques for High-Voltage
Testing. IEEE Std. 4 — 1995.

[19] 5uIn3 HveuTUNS Haznale, 2550, UKAIE
ussauIdinszuaadudFualdniuguaae
Tisunsu nudiaasdnneuinsa. 5a13 RSU JET
uniinedesada, T9 10 muf 1 Suseu 2550,
wth 32 - 37, 2550.

[20] 5UINS ﬁwwam”um’uazﬂmz, 2551. T3 iAusasu
genszugadunuuiszudia fiva 20 Alalian 50
Bsad. s Inmsmnavanitiugaudnm
wnvuuralsemalng, 115 14 adui 1
WOHAINY 2551, Wi 172 — 183.

211 5un3 Hmeusund HazAMe, 2553. MIANYING
vosmanumMUMUAUAelszANEMWanhaeh.

eUMIRemTvauysal YUITeurinede
dmAswee Uszntlmsdnu 2552,

[22] Multiphysics Modeling and Simulation Software-
COMSOL, http://www.comsol.com/





