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Experimental Study on Effects of Electrode Gaps on the High-current Vacuum Arc Voltage

and the Rotation Speed of Anode Melting Pool

WANG Lijun, WANG Liuhuo, JIA Shenli, YANG Dingge, GAO He, SHI Zonggian
(State Key Laboratory of Electrical Insulation and Power Equipment (Xi’an Jiaotong University),
Xi’an 710049, Shaanxi Province, China)

ABSTRACT: High-current (10kA rms, 20kA rms) vacuum
arc experiments were conducted in a detachable vacuum
chamber for copper cup axial magnetic field (AMF) contacts
with the electrode gaps of 10, 16 and 20 mm. The vacuum arc
appearance and the rotation speed of melting pool were
observed with the high-speed CCD video camera, and the arc
voltage waveforms were measured at the same time. Based on
the experimental measurement, the high-current vacuum arc
voltage and characteristics of melting pool rotation on AMF
contacts with different electrode gaps were analyzed.
Experimental results showed that the arc tends to be unstable
and the arc voltage gradually increases with increasing of the
electrode gap, so do the radius and the rotation speed of the
anode surface melting pool. The rotation speed of the anode
melting pool is about 0.664 m/s and the metal pool’s radius is
about 14.5mm with the electrode gap of 10mm. In contrast,
the rotation speed of anode melting pool is about 1.204 m/s and
the melting pool’s radius is about 15.6 mm with the electrode
gap of 16 mm.

KEY WORDS: vacuum interrupter; axial magnetic field; arc
voltage; pool rotation of melting
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Fig. 3 Distribution of axial magnetic field on the center
plane between contacts and the arc voltage
under different gap distances
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Fig. 4 Pictures of arc column at peak moment of current
(10 kA rms) with the electrode gap distances of 10 and

16 mm (lower electrode is cathode)

2.2 HBIREEIBTEEETIRE

SI 56 v L% B Al A AROIR D v 1 3 AR AR KR
TCHBAE 20 KAYIE L N AR T ahfb ik, I B0
YR E s SIS . M AIEE ) 16 mm, 6.97 ms
] 220 ) LI P B8] 5 s, v [ Bl P B A
515 A7 K A BB N 1T

R EA RS BH AR, 42 it 9 2 G ) e
B o PHAGIE IR L an T BHARAE SR BE L, 5t 42
TERRYIREA A AT, A B AR A2 )
T3 TV EHANT B 7R e ) S B e R o st
NG DX IRAE BB R TR R T V2 588 1 f i g

KAMIAF] 0.15~0.22 mm, ifif AR (] B 16 mm 47 i
REERZ K 0.24~0.30 mm. SEI6 Je &40, Ha kK Ie)
Ho10mm [EEE KL 145 mm,  HI AR R ER
16 mm [ 42 K2k 15.6 mmi2,

7E T 2 JE W R WAk A ) & E ARV 2 5
S A (R PRSI, FEUEIRIM. K 6 A i
(B 20kA)10.78 ms HFZ, [AIEE4 514 10 F1
16 mm [FRSRIE AT R, o Upog BB
Wraksk . & 6(a). (b)) LAE L, BHK
F0 b e 2 ] A FURI () ANAN A AT A KT 4 28V
AT VEZ A] DL R0 - X S5 A Ao e e 1
T 55 R R 2 TR G 8 DA R o 5 R AL SR T —
ANEER R /LK 6(c). (d)Th R LA, A LA
Ik 2 (1) B 220 i R D) ) IR R O, 2 S A
Ay P IS 2 A7 T R AR TV 1) K o e Y
RAAF A HIE L, T AR FBE, AT 5
R R SR T

XIS P T e S FE PR B, A ] — IR S
AN [ IS 220 (s g s s 1 s 43 IR Ac i
AR 2 R AEAS [T 20 (467 6, 308 T SR EDCH il 1) i
RS . 7 RN 8 43 ik MR I EE 10 F1 16 mm,
LI (M 20 KA)AS A 0 (1 s it e e ds 2 1 o
LRI 2 4y g T FRR AT EE 10 A1 16 mm B,
T 3 ) A A O A5 b 3 556 I I B

M 1, 2 FIE 7, 8 HduaTLAEH, Akl
16 mim Bt 1R e 3 A K1 F R AT 10 mim
5t P T 2 o LA (R P 16 mim [ 4% it g s 2
THRE KL 1.204 mis, 1y FEUAR [R)2E 10 mm [ 445t i



138 S R <E 1 R R = SO 4

%30 %

(@) I#E 20 mm [ HGR

(b) TAJEE 16 mm FY LT

175 4
g Urog i3
100} 1°
20 L i1
= {0
25F
-50
-5
t/ms
(c) THIFE 10 mm {1 HL I e
150 | | | 124
100} Uye 11
2 50 <
5 0=
2 o} ]
ol J-12
-100 4-24
10 0 10 20 30 40
t/ms

(d) TAJEE 16 mm (4 FER R R
6 F(BXMIE 20kA)10.78 ms BFZl, (B84 54 10 F0
16 mm B9 HASIE F FA B8 5 A [ (T~ T BB AR 3 A AR)
Fig. 6 Pictures of arc column at 10.78 ms of current (20 kA
rms) and waveforms of arc voltage with the electrode gap
distance of 10 and 16 mm (lower electrode is cathode)
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Fig. 7 Pictures of rotation of melting pool at current
(20 kA rms) and different time with the electrode gap
distance of 10 mm (lower electrode is cathode)

(a) X9 7.640 ms

(b) #A9K 7.730 ms

(c) &9 7.815ms

(d) #A9K 7.899 ms
8 FARIEIEE 16 mm, HIR(HHE 20 kA)FRE BT ZIRY
IR EEREIE B E R (T E R AR A FAR)
Fig. 8 Pictures of rotation of melting pool at current
(20 kA rms) and different time with the electrode gap
distance of 16 mm (lower electrode is cathode)
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Tab.1 Experimental data with the electrode gap
distance of 10mm

I B I 1] [ R /ms IZFNE R /mm JHREI(ms)
6.977—7.109 ms 0.132 0.091 0.089 0.454
7.109—7.227 ms 0.118 0.081 0.081 0.458
7.227—7.343 ms 0.116 0.074 0.071 0.416
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Tab. 2 Experimental data with the electrode gap
distance of 16 mm

I B I 1] [ B /ms IZFNE R /mm JHREI(ms)
7.640—7.730 ms 0.090 0.111 0.124 0.110 1.28
7.730—7.815ms 0.085 0.102 0.103 0.096 1.19
7.815—7.899 ms 0.084 0.090 0.094 0.088 1.10
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Fig. 9 Pictures of electrode after melting at arc current of
15 and 20 kA with the electrode gap distance of 16 mm
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