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A Study on Sensitivity Analysis for Selecting the Process Parameters
in GMA Welding Processes
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{ Abstract |

As the quality of a weld joint is strongly influenced by process parameters during the welding process, an intelligent
algorithms that can predict the bead geometry and shape to accomplish the desired mechanical properties of the weldment
should be developed. This paper focuses on the development of mathematical models for the selection of process
parameters and the prediction of bead geometry(bead width, bead height and penetration) in robotic GMA(Gas Metal
Arc) welding. Factorial design can be employed as a guide for optimization of process parameters. Three factors were
incorporated into the factorial model: arc current, welding voltage and welding speed. 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. The results obtained show that developed
mathematical models can be applied to estimate the effectiveness of process parameters for a given bead geometry,
and a change of process parameters affects the bead width and bead height more strongly than penetration relatively.
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Table 1 Mechanical properties of base metal

Tensile | Yield | Elongati - .
. . Elasticity {Poisson’s
Material | Strength | point on (GPa) ratio
(MPa) | (MPa) | (%)
AN iy | 2a | 20 | 993 | 03

Table 2 Chemical compositions of base metal

lement(%)
m Cr | Fe 0] Sn | Zr

Zircaloy-4 01 ] 02 012 14 | 985

W: Bead width
H: Bead height
P: penetration

Fig. 1. Schematic diagram for Measurement of bead

geometry
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Table 3 Analysis of variance tests for mathematical
model for bead geometry

Standard | Coefficient |Coefficient of
Bead . L.
comet error of | of multiple |determination
& Yy estimate relation (%)
Bead width 0.0237 0.9645 93.02
Bead height| 0.0659 0.8389 70.38
Penetration 0.0606 09513 90.56
14
12 ~ Bead width
-#- Bead height
10 - Penetration

Numbers
-~ (= o

S

0-5% 5-10% 10-15% 15-20%

Yo error

20-25%  25-30%

Fig. 2 Accuracy analysis of the mathematical model
equations
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Table 4 Selected process parameters and bead

geometry
S=330(mnymin)
Voltage | Current | Width | Height |Penetration
\2) G (mm) | (mm) (mm)
180 3.33 0.02 0.72
20 260 3.78 0.01 1.28
360 422 0.01 2.13
180 3.87 0.02 0.71
25 260 4.39 0.01 1.25
360 491 0.01 2.08
180 4.38 0.02 0.69
30 260 4.97 0.01 123
360 5.56 0.01 2.04

Table 5 Bead width sensitivities of process
parameters

S=330(mmv/min)

Voltage | Current | Width

dw/d /dS | dW/
V) (A) (mm) W/dl | dW W/dl

180 3.33 | 0.0063 1-0.0045 | 0.1124
20 260 3.78 | 0.0050 |-0.0051 0.1275
360 422 | 0.0040 | -0.0057 | 0.1425

180 3.87 | 0.0074 {-0.0052 | 0.1046
25 260 4.39 | 0.0058 |-0.0059 | 0.1187
360 491 | 0.0047 | -0.0066 | 0.1327

180 4.38 | 0.0084 | -0.0059 | 0.0987
30 260 4.97 | 0.0066 | -0.0067 | 0.1119
360 5.56 | 0.0053 | -0.0075 | 0.1251
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Fig. 3. Sensitivity analysis results of arc current
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Fig. 4. Sensitivity analysis results of welding voltage
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Fig. 5. Sensitivity analysis results of welding speed
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