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A Study on the Prediction of Bead Geometry for Lab Joint Fillet
Welds Using Sensitivity Analysis
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I Abstract ‘(

Arc welding process is one of the most important technologies to join metal plates. Robotic welding offers the reduced
manufacturing cost sought, but its widespread use demands a means of sensing and correcting for inaccuracies in
the part, the fixturing and the robot. A number of problems that need to be addressed in robotic arc welding processes
include sensing, joint tracking, and lack of adequate models for process parameter prediction and quality control.
Problems with parameter settings and quality control occur frequently in the GMA(Gas Metal Arc) welding process
due to the large number of interactive process parameters that must be set and accurately controlled. The objectives
of this paper are to realize the mapping characteristics of bead width using a sensitivity analysis and develop the
neural network and multiple regression method, and finally select the most accurate model in order to control the
weld quality(bead width) for fillet welding. The experimental results show that the proposed neural network estimator

can predict bead width with reasonable accuracy, and guarantee the uniform weld quality.
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Fig. 1 Schematic diagram for measurement of weld
bead geometry

Table 1 Welding parameters and limits
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Table 2 Analysis of variance test for mathematical

Parameter Symbol Unit Limits models for bead width
Arc voltage v Volt 17, 1 Standard | Coefficient of | Coefficient of
Welding current I Amp. 100, 130 No. N £ error of multiple determination
Welding speed S cm/min 45, 50 equation estimate correlation (%)
CTWD C mm 12, 20 1 0.116 0.958 91.8 (%)
Welding angle A ° 50, 70 2 0.118 0.960 92.2 (%)
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Fig. 2 Comparison between measured and calculated
for bead width using linear equation
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FARAA )9 B A= &
BEAG Hot Frhe 22 Table 224 E1 "E*
Figs. 2~3 Alglog 249 7l 445
A olgato] ALt g L%:LEH—(scatter graph)
at, 4539 S ofgste] EF HE9 HH9Y
EA3H30 T

Table 29} Figs. 2~30] w2 @ fﬂx
AAE o] gste] A4HE Fro] & 4

A

3.2 HiISE Yol Cjst &
0|9} 78 vt 3t WiZE HAJAlL Fjuk
22ke] FARNOIAAY, $7 a
44 )°1] dfsl HujEgtoan 78 4
= A7e] T Bl =gl UIZI% ﬁoa H7psh=d|

AL 7
=
A7

52

Sensitivity of arc voltage for weld bead width at CTWD=16mm, welding angle=60",
welding speed=48cm/min
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Fig. 4 Sensitivity analysis results of arc voltage in bead
width

Sensitivity of welding current for weld bead width at CTWD=16mm, welding augle=60°,
welding speed=d8cmimin
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Fig. 5 Sensitivity analysis
bead width

results of welding current in
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Sensitivity of welding speed for weld bead width af CTWD=1dmm. weliding angles=60".
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Fig. 6 Sensitivity analysis results of welding speed in
bead width

Sensitivity of CTWD for weld beard swidth at CTWD=16pun. welding angle=60°",
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Fig. 7 Sensitivity analysis results of CTWD in bead
width

Sensitivity of welding mgle for weld bead width af CTWD=16nm. welding angle=60".
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Fig. 8 Sensitivity analysis results of welding angle in
bead width
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Table 3 Training condition for each neural network
LM algorithm

Neural .. .
eurd Training condition
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--------- " Bead width
e
Number of neurons 10
MLP - Activation function
(LM) : Tangential sigmoid function
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Fig. 9 Comparison of measured and predicted bead
width using a neural network
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