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Abstract In this study, the relation between keyhole oscillation and depth is analyzed based on the internal pressure
balance conditions of the keyhole to allow real-time monitoring of the laser penetration welding process. Then,
based on the coupling of keyhole behavior with plasma behavior and consistency of plasma oscillation characteristics
with plasma electrical signal fluctuation characteristics, we use a short-time autocorrelation analysis method to
analyze the relation between the oscillation period of a plasma electrical signal and weld depth during laser
penetration welding of A304 stainless steel and Q235 carbon steel. Results show that the plasma electrical signal’s
oscillation period increases with an increase in the weld depth, and the relations between the plasma electrical
signal's oscillation period and weld depth differ when the welding materials are different. Finally, in a variable heat
input continuous welding verification test, we obtain a good correspondence between the short-time autocorrelation
analysis results of plasma electrical signals and weld penetration when the welding process is stable, which is
consistent with the keyhole oscillation characteristic equation we analyzed.
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Fig. 1 Diagram of internal pressure of keyhole
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Fig. 2 Collected images by electrical signal detector and high-speed camera.

(a) Plasma images; (b) plasma area; (c) electrical signal voltage
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A304 stainless steel Q235 carbon steel
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Fig. 4 Weld cross section, electrical signal, and autocorrelation function of A304 stainless steel and Q235 carbon steel under

different heat input processes. (a) P=1000 W, v=12 mm/s; (b) P=1100 W, v=12 mm/s; (¢) P=1200 W,

v=12 mm/s; (d) P=1300 W, v=12 mm/s; (e) P=1300 W, v=8 mm/s; ({) P=1300 W, v =4 mm/s;

(g) P=1000 W, v=8 mm/s; (h) P=1100 W, v=8 mm/s; (i) P=1200 W, v=8 mm/s; (j) P=1300 W, v=
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Table 1 Welding parameters for constant heat input process
Laser Welding  Argon gas
Experimental
power speed v /  flow Q /
material

P /W (mme*s ') (Lemin ')
A304 stainless steel 1300 4 25
A304 stainless steel 1300 6 25
A304 stainless steel 1300 8 25
A304 stainless steel 1300 10 25
A304 stainless steel 1300 12 25
Q235 carbon steel 1300 4 25
Q235 carbon steel 1300 6 25
Q235 carbon steel 1300 8 25
Q235 carbon steel 1300 10 25
Q235 carbon steel 1300 12 25
A304 stainless steel 1000 12 25
A304 stainless steel 1100 12 25
A304 stainless steel 1200 12 25
A304 stainless steel 1300 12 25
A304 stainless steel 1400 12 25
Q235 carbon steel 1000 8 25
Q235 carbon steel 1100 8 25
Q235 carbon steel 1200 8 25
Q235 carbon steel 1300 8 25
Q235 carbon steel 1400 8 25

2 TRBERASMT KRS

Table 2 Welding parameters for varying heat input processes

Laser Welding Argon gas
power speed v / flow Q /
P /W (mmes ) (Lemin ")
A304 stainless steel 1100—>1400—>1100 8 25
Q235 carbon steel 1100—>1400—1100 6 25
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Fig. 6 Results of A304 stainless steel continuous welding process. (a) Electrical signal at initial stage; (b) electrical signal

changes with increasing power; (c) electrical signal changes with decreasing power; (d) electrical signal throughout

welding process; (e) autocorrelation function spectrum; (f) actual weld depth and predicted value
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Fig. 7 Results of Q235 carbon steel continuous welding process.

changes with increasing power;

(¢) electrical signal changes with decreasing power;

(a) Electrical signal at initial stage; (b) electrical signal

(d) electrical signal throughout

welding process; (e) autocorrelation function spectrum; (f) actual weld depth and predicted value
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