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ABSTRACT

Laser welding offers significant benefits, including a high energy input rate that
results in a fully penetrated weld seam. However, the quality of the weld may be
compromised when joining workpieces with inconsistent thickness.This research proposes a
control methodfor the laser welding process of low carbon steel (AISI 1018) with
thicknesses ranging from 0.5 to 1.0 millimeters.This study utilizes infrared camera imaging to
analyze the average temperature in the molten pool andthen sends this data to an
Adaptive PID control system. This system regulates the average temperature, which serves

as a primary input variable to control the welding power, by using gain Kp = 0.003-0.0075,
K; =0.0002 - 0.0005 and K, = 0.003 - 0.021 thereby ensuring a correlation with the

!
thickness of the workpieces. The study found that the Adaptive PID control system for laser
welding effectively maintain the average temperature in the molten pool withan accuracy
of £3 °C from the setpoint. As a result, the weld seams demonstrate consistency and

complete penetration.
Keywords: Laser welding; Close loop control by PID; Image processing
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Figure 1 Experimental Setup
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Figure 2 Specimens (a) Constant thickness (b) Step Thickness
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Figure 3 Diagram of laser welding with close loop PID
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Figure 4 Close loop PID algorithm using average temperature of laser welding
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Figure 5 Real-Time adaptive close loop PID algorithm using average temperature of laser welding
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Table 1 Experimental results of proper laser power to temperature on varies thickness

Thickness (mm) Power (Watt) Temperature(°C) S.D.
Min Max Min Max Max
0.5 200 300 908 1,059 10.92
0.8 300 400 982 1,061 7.05
1 400 500 1,000 1,072 9.14
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Figure 6 Average temperature of close loop control on power 100, 200, 300, 400 and 500 watt
(@) 0.5 mm (b) 0.8 mm (c) 1 mm and (d) Ave. Temp
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Figure 7 Experimental results of weld bead on the thickness 0.5, 0.8 and 1 mm on closed
loop PID with setup point at 1000 °C (a) Top view (b) Bottom view
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Figure 8 Average temperature and standard deviation of closed loop PID
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Table 2 Experimental results of average temperature of closed loop PID in case of

constant thickness

Thickness  Avg. Temp b Percentage error Gain
(mm) 0 from setpoint
0.5 1,002 4.94 0.2 Kp =0.003 K, =0.0002 K =0.003
0.8 1,002 4.22 0.2 Kp =0.006 K; =0.0004 K, =0.015
1 1,003 4.25 0.3 Kp =0.0075 K, =0.0005 K, =0.021
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Figure 9 Average temperature and power rate of laser welding on closed loop PID in case
of step thickness (PID value: K p 0.0075, K;0.0005,K 4 0.021) (a) Thickness 1.0 to 0.5 mm

(b) Thickness 0.5 to 1.0 mm
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Figure 10 Showed the weld bead of laser welding of closed loop PID in case of step
thickness at set up point 1,000 °C (PID value: Kp 0.0075, K; 0.0005, K, 0.021)

(a) Thickness 1.0 to 0.5 mm(b) Thickness 0.5 to 1.0 mm
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Figure 11 Average temperature and power rate of laser welding on closed loop PID in case
of step thickness (PID value: K p 0.003, K;0.0002,K 0.003) (a) Thickness 1.0 to 0.5 mm

(b) Thickness 0.5 to 1.0 mm
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Figure 12 Showed the weld bead of laser welding of closed loop PID in case of step
thickness at set up point 1,000 °C(PID value: Kp 0.003, K;0.0002,K 0.003)

(a) Thickness 1.0 to 0.5 mm (b) Thickness 0.5 to 1.0 mm
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Table 3 Gain value of closed loop PID by control average temperature in case of step thickness

Gain K Ko Ko (Ky) Ky
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Figure 13 Average temperature and power rate of laser welding on closed loop PID by

control AVG. Temperature using varies gain value (a) Thickness 1.0 to 0.5 mm
(b) Thickness 0.5 to 1.0 mm

Figure 14 Showed the weld bead of laser welding of closed loop PID by control AVG. Temperature

using varies gain value (a) Thickness 1.0 to 0.5 mm (b) Thickness 0.5 to 1.0 mm
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Figure 15 Show enlarged image the bead of laser welding of close loop PID by control AVG.
Temperature using varies gain value (a)Step change 1.0 to 0.5 mm (b)Step change 0.5 to

1.0 mm
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