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ABSTRACT

MPU)

The auwtomatic CO, welding is a manufacturing process to produce high quality joints for metal and it could

provide a capability of full automation to enhance productivity. Despite the widespread use in the various

manufacturing industries, the full automation of the robotic CO, welding has not yet been achieved partly because the

mathematical model for the process parameters of a given welding task is not fully understood and quantified. Several

mathematical models to control welding quality, productivity, microstructure and weld properties in arc welding

processes have been studied. However, it is not an easy task to apply them to the various practical situations

because the relationship between the process parameters and the bead geometry is non-linear and also they are usually

dependent on the specific experimental results. Practically, it is difficult, but important to know how to establish a

mathematical model that can predict the result of the actual welding process and how to select the optimum welding

condition under a certain constraint.

In this research, an attempt has been made to develop an intelligent algorithm to predict the weld geometry

(top-bead width, top-bead height, back-bead width and back-bead height) as a function of key process parameters in

the robotic CO2welding. A sensitivity analysis has been conducted and compared the relative impact of three process

parameters on bead geometry in order to verify the measurement errors on the values of the uncertainty in estimated

parameters.
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Table 1 Mechanical properties of base metal
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Table 2 Chemical composition of base metal

Element(%) .
C Si Mn P S Cu Cr | Ni| Fe
Material
$S 330 Q15| 0.001 | 0.6 | 0.051 | 005| 0.04 [ 0.08 | &5 | Bal

2
Top-bead width

Top-bead height
4

Back-bead height

Back-bead width J

W, :Top-bead width
W, :Back-bead width
H, :Top-bead beight

H, :Back-bead height

Fig. 1 Schematic diagram for measurement of weld
bead geometry
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Table 3 Top-bead width sensitivities of process
parameters

_ Tip gap = 1}(mn), Gas flow rate = 12(l/min),
) Welding voltage = 22{Volt)

Arc Welding Sensitivity
Z:“:::; (jnp;:?n) W/ T |6W/dG | aW/d | AW/ | oW /D
18 -0.4974 | -0.0051 | -0.3181 | 0.0353 0.4358
150 24 04285 | -0.0044 | 02055 | 0.0304 | 03753
30 -0.3816 | -00039 | -0.1464 | 0.027) 0.3343
18 -0.5357 | -0.0055 | -0.3425 | 0.0326 0.4692
175 24 -0.4614 | -0.0048 | -0.2213 | 0.0281 0.4042
30 -0.4109 | -0.0043 | -0.1577 | 0.0250 0.3600
18 -0.571t | -0.0059 | -0.3652 | 0.0304 0.5003
200 24 -0.4919 | -0.0051 | -0.2359 | 0.0262 0.4309
30 -0.4381 | -0.0045 | -0.1681 0.0233 0.3838

Top-bead widht sensitivity of tip gap a lip gap=1 1¢mm). gas flow rate=12()/min).
welding voliage™ 22{ Volt)

0.6
Sensitivity of lip gap £ Welding current = 150(Amp)|
0 Welding current = 175(Amp)|

0.4 [ Welding current = 206¢Am,

Welding speed (cm/min)

Fig.2 Sensitivity analysis results of tip gap in
top-bead width

“Fop-bead widhi sensitivity ol tip gap at Up gap Himm). gas low rate= 12(/min).
welding voltage®22( Voir)

0.008
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B Welding current = 200(Amp)

Sensttivity of gas
0.006 flow rate

0.004

0002

[

-0.002
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-0.006

0,008

Welding speed (cm/min)

Fig. 3 Sensitivity analysis results of gas flow rate in
top-bead width
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Fig. 4 Sensitivity analysis results of welding speed in
top-bead width

Top-bead wiaht sensitivity of tip gap a1 tip gap= L l{om), gas ow rate 1 2(Umin),
welding vollage~ 22(Val)

004 o 4 Welding curent = 150¢Amp)
Seosvity of arc 03 Welding curvent = 175¢Amp)
B Welding cuirent = 200{ Amp)

current

Welding specd {cm/min)

Fig. 5 Sensitivity analysis results of arc current in
top-bead width
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Fig. 6 Sensitivity analysis results of welding voltage
in top-bead width
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