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Characteristics of Hollow Cathode Arc as a Welding Heat Source
—DMeasurement of Electron Density by IR Method of Plasma Diagnostics—

Shinichiro SHOBAKO and Takayoshi OHIJI

Synopsis : Hollow Cathode Arc (HCA) was developed as a plasma source under the condition of low pressure in the 1960s, and various researches were
performed to make clear the mechanism of the HCA. Since the HCA is a discharge under low pressure environment, it attracts attention as a
welding heat source in space. Moreover, the HCA is expected to be useful for the industrial application on the earth, because the melting
process by HCA is very active and the penetration is huge in comparison with that by the con{/emional GTA.

In the previous paper, it has been shown that the HCA configuration and the melting process by HCA are very sensitive to process parame-

ters, such as gas flowrate and ambient pressure.

In the present paper, the electron density distribution of HCA has been measured by IR method of plasma diagnostics (IR method). It is
concluded that the beam like core of electron density is formed on the arc axis in the case of low gas flowrate, and the huge penetration by

HCA is closely related to the beam like core.
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Fig. 1. Detail of HCA torch.
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Table 1. Range of experimental conditions used in the present paper.

Ambient pressure, P Arc current, / | Arc length, L | Gas flowrate, O
Electrode Base metal
(Pa) (A) (mm) (ml/s)
Tungsten containing 2%thorium oxide
R R Copper,
3 Qutside diameter : 4.0 mm A1050 100-150 10-40 0.17-3.3
Inside diameter : 3.0 mm
Table 2. Numerical values of 4(4). Vacuum chamber
Wave length ( 1z m) A1) Wave length (1 m) A(L)
0.96 1.015% 10 6 535%107 Silica glass
-34 -35
2 3.52X10 8 3.15X10 Spot sensor
4 110X 107 10 207x10%
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Fig. 2. Experimental apparatus for spectral radiance mea-
surement.

Table 3. Sensor for measurement.

Detector PbS Si
Spectral range (1 m) 2 0.96
Distance from measured object (m) 0.56 0.43
Diameter of measured object (mm) 2 2

Monitor

Vacuum chamber
Silica glass

CCD camera
IR filter

Fig. 3. Experimental apparatus for relative luminance
measurement.
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Fig. 4. Arc appearance and penetration on base metal by
GTA and HCA (anode: A1050, I=150A,
L=10mm, v=>5mm/s, GTA: Q,,=250mL/s, HCA:
0,,=0.17mL/s).
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Fig. 5. Effect of gas flow rate on arc appearance and pene-
tration (anode: A1050, P=3Pa, [=150A, L=
10 mm, =5 mm/s).
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Fig. 6. Effect of arc length on arc appearance and penetra-
tion (anode: A1050, P=3Pa, I=150A, 0=0.17
mL/s, v=5mm/s).
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Fig. 7. Comparison of emission spectrums between

bremsstrahlung (f~f) and recombination (f-b)
(T,=15000K).
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Fig. 8. Comparison of measured mean electron densities
by PbS and Si sensors (anode: copper, P=3Pa,
I=100 A, L=10mm).
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Fig. 9. Comparison of measured electron densities by
Langmuir probe and IR methods (anode: copper,
P=3Pa, /=100 A, L=10 mm).
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Fig. 10. Effect of flowrate of Ar on radial electron density
distribution (anode: copper, P=3Pa, /=100 A,
L=10mm).
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Fig. 11. Effect of flowrate of Ar on electron density distri-
bution (anode: copper. P=3Pa, /[=100A, L=10
mm).
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Fig. 12. Effect of arc length on radial electron density dis-
tribution (anode: copper, P=3Pa, I=100A, Q=
0.17 mL/s).
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Fig. 13. Effect of arc length on electron density distribu-
tion (anode: copper, P=3Pa, /=100A, 0=0.17
mL/s).
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