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The Measurement of Metal Droplet Temperature in GMA Welding by Infrared Two-Color Pyrometry*

by YAMAZAKI Kei**, YAMAMOTO Eri**, SUZUKI Keiichi**, KOSHIISHI Fusaki**, WAKI Kenji***,
TASHIRO Shinichi****, TANAKA Manabu**** and NAKATA Kazuhiro****

The temperature of metal droplets is essential for clarifying the phenomenon of metal droplet transfer and the melting behavior of wire; also,
it governs the emission of fumes. On the other hand, in-situ measurement of the temperature of a metal droplet formed at the tip of a wire during
welding was difficult. Hence, this temperature was obtained in many experiences of measurements by such a way that several numbers of metal
droplets were collected in a calorimeter to measure the amount of heat content of metal droplet and the heat was converted to temperature. With
this way, however, the reliability of the measurement is not necessarily high because the heat loss of the metal droplet during the time when
detaching from the wire tip and entering into the calorimeter has to be estimated properly. In this research, two-color pyrometry has been
conducted to obtain the temperature of metal droplets, in which metal droplets have been photographed by high speed camera during arc
welding, two wave lengths (950 and 980 nm) of light in the infrared range have been selected from the thermal radiation light emitted from the
metal droplet at the instant of arc extinguishment by using an imaging spectroscope, and the temperature has been obtained from the intensity
ratio of the two waves of light. Consequently, in CO, arc welding, it has been revealed that the constricted arc causes high heat input density
locally at the arc root portion of a metal droplet and thereby the arc root portion exhibits a higher temperature. By contrast, in MAG (80%Ar-
20%CO0,) arc welding, it has been disclosed that because the arc covers metal droplets, the temperature distribution in a metal droplet is
relatively uniform and the average temperature is lower than in CO, arc welding.

Key Words: Metal Droplet Temperature, Two-color Pyrometry, CO, Welding, MAG Welding, Pulsed MAG Welding, Fume emission, Metal
droplet transfer
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Fig. 2 Schematic illustration of high speed temperature measurement system by two-color pyrometry
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Fig. 4 Distribution of tungsten electrode surface temperature

measured with high speed temperature measurement

system by two-color pyrometry
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Fig.5 Schematic diagram of experimental apparatus

Wire : JIS Z3312 YGW12 , 1.2mm¢ Shielding gas : 100%C0,
Welding current : 280A, Wire feed rate : 10.2m/min, Welding speed : 30cm/min
Distance between tip and base metal : 25mm
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Fig. 6 Waveform of welding current (CO, welding, 280A)
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Wire : JIS Z3312 YGW12 , 1.2mm @ , Welding speed : 30cm/min
Wire feed rate : 12.5m/min , Welding current : 3304
Shielding gas : 100%CO, , Distance between tip and base metal : 25mm
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Fig. 7 Surface temperature distribution map of droplet at the
moment of arc extinguishment in CO, welding
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Fig. 8 Surface temperature distribution map of droplet at 2ms
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Fig.9 Surface temperature variation over time in CO, welding

Wire : JIS 23312 YGW12 , 1.2mm ¢ , Welding speed : 30cm/min
Wire feed rate : 9.5m/min , Welding current : 280A
Shielding gas : B0%Ar-20%CO, , Distance between tip and base metal : 25mm
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Fig. 10 Surface temperature distribution map of droplet at the
moment of arc extinguishment in MAG welding
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Fig. 11 Effect of welding current on average temperature of
droplet surface

Wire : JIS Z3312 YGW12 , 1.2mm ¢ , Welding speed : 30cm/min
Average of welding current : 180~200A
Distance between tip and base metal : 25mm
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