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Analysis of arc-column mechanism of TIG arc with electrostatic probe

ZHU Liang*?, TIAN Yusji?, LI Yuan-bo?, ZHENG Shao-xian?

(1. State Key Lab. of Gansu Advanced Non-ferrous Metal Materials, Lanzhou Univ. of Tech, , Lanzhou 730050, China; 2. College of Mate~
rials Science and Engineering, Lanzhou Univ. of Tech. , Lanzhou 730050, China)

Abstract; A movable electrostatic probe of copper wire was developed for low-disturbing diagnosis of TIG
arc. The potentials of the arc column in various probed positions were measured on the basis of the mecha-
nism of interaction between electrostatic probe and plasma, the formation mechanism of probed potential
waveform in plasma was analyzed. It was found by the investigation that, when the electrostatic probe lo-
cated at the center area of the arc, the probe contacted alternately with the current carrying plasma and
non-current-carrying plasma, thereby the potential on the probe changed between negative and zero levels.
Thus, a model of oscillating current-carrying channel was presented for the TIG arc. A kind of current
carrying channels with diameters less than those of arc column formed between the cathode spots and anode
spots in the workpiece and they would rotate and oscillate with a frequency of hundreds hertz in the plasma
region to form higher temperature and bear all the arc current. However, in the outer region where the
current carrying channels did not reach, there would be a negative ion region with lower temperature.
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Fig. 1 Experimental setup
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Fig. 2 Probed potential waveforms on the arc column section with probe located at 1. 8 mm from surface of tested plate
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Fig 3 Probed potential waveforms on the arc column section with probe located at 2. 5 mm from surface of tested plate
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Fig. 4 Interaction mechanism of electrostatic probe with plasma

3 {EZhERFEERIIERTY

ETFLLLE TIG BIlP R BRI NEHER, &
SHETERPFRNT SRR WHEIER, B
B R4 FE R IR A A [R] 67 B (0 o A5 B 9T AL
ROZEAR , A5 SCHR M LAT O s IR BL . a5 B , XF
THIX AR TIG I, 74284 2 AR XK, F
DHEZENEEFX, RS ERERMKHM R
BT AR B PR BE A A AR B BEAR BE A Z (817

e
f 5

BHS BIRpEshEEEEs
Fig. 5 Model of oscillating current-carrying channel of
TIG arc ‘

B—FRFUEE , HEH AT/ T 8% IR 534
HAR. X MEFEERN RA R, IlE R
WA BARIEAF , ASE 2L RO, e I 0 %5
BT X AR e sl BB E R EAA RS
IR, TH LRSS BEE R BB 3, i 3h

HEREEBIUMAX KR, R MRE 5HEM

AR B2 X A7E TR R Bl S T X2
H B B B B3R B R TR B, BT AR Z 3D
SR IE A A YIS R. :

FIRSES B IEE B ISR, REZ MR 2
FIE 3 PRET BRI BE A L. HIREH LT R
IRAG ep SR XS, (T EEE AR s R 5,
BRIELHs SR Ak, &b TR B ARG B3R
B FHRER TR T, BESIEEERNR
B R EIE B IR B Z R B IR AL REH A
RSB TF A ERBEETHEETFHREARSR
L, BB B R F R R 3 S ERET R , IREF RIS
Bl B SRR, X BT T A B B G HE R B T T R
SIER T HX AP A, B A0 8] Py 3 ASRE
RERNBETFRESE THAESE, TR R B RN
F, RS LA S, AU T RIE ST i



« 18 -‘__1:‘

MOET Ok % ¥ R

L RIE

HEHETRIPRAE ML
4 Gk

BT — 3R SR L B iR, X AR 1L
B BT 20, M T WA KRR E R AL, 4
T I RS, SRR, ML T R IRE

L KR RET SR B S B F IR JEfE .

R INSE T EE RSB, e LSRR fih
RN AL TR, S 4R F i
SRIKIRAT , BRI B 53X 26 67 5 T T 2 AR X
FE BRI 38t BB AR R AR rh AR
AR, B AR BRE AR T2 ) PR AR B A 2 1D B AR — o
EHR/NFIENRIGE , T LBE SRR, 7
R I A ERR BB S T K 25 ARt AE s, 8
TiE R R, AR AR A B
B S BRI, 2R EREN R B TFEK.

BEHK.

[1] TANAKA M, TASHIOR S,USHIO M. CO;-shielded arc as a
high-intensity heat source [J]. Vacuum, 2006,80(11-12) .1 195~
1198,

[2] & R, %BEBHE.Z. B4R IEAEERREERN
3 (V] 2 MBI A, 2007,33(3) :27-30,

€3]

(4]

€]

L]
7]

tel

o]

[10]

[11]

XA HEZE . HEA. 5. BN RSEE A EE (1] 18
H¥I,2002,23(1): 14,
CHEN X, LI H P. Heat transfer and {luid flow in a high inten-
sity free buming arc [ J]. International Journal of Heat and
Mass Transfer,2001,44(13);2 541-2 553.
QUINN T P,SZANTO M, GILAD 1. Coupled arc and droplet
model of GMAW []]. Science and Technology of Welding and
Joining, 2005,10(1) . 113-119.
4 HE. ¥ % BRESEFERPHBRREME
sHiriswEAR [T, WE¥H . 2007,56(4) : 2 330-2 336.
AUCIELLO O,FLAMM D L. 8B 72 (M. B a &
b5 B F Lok R4, 1994,
FANARA C. Sweeping electrostatic probes in atmospheric
pressure arc plasmas-part I; general observations and charac-
teristic curves [ JJ. IEEE Transactions on Plasma Science,
2005,33(3):1 072-1 081.
FANARA C. Sweeping electrostatic probes in atmospheric
pressure arc plasmas-part I : temperature determination [J].
IEEE Transactions on Plasma Science, 2005, 33 (3):1 082-
1092,
LOWKE J ], TANAKA M, USHIO M. Mechanisms giving in-
creased weld depth due to a flux [JJ. Journal of Physics D:
Applied Physics, 2005,38(18) :3 430-3 445.
KLAJN A. Langmuir probes in switching vacuum arc meas-
urements [ J]. IEEE Transactions on Plasma Science, 2005, 33
(5):1611-1 617,



