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Abstract

Response surface methodology (RSM) is a
collection of data that used mathematical and statistical
technique to model and analyze problem in which the
response (output) are influenced by several factors
(parameters). In this study, a mathematical model was
developed using RSM to predict the bending strength of
aluminium alloys 6064 weldment. Data analysis is
performed using Design Expert 7.03. The adequacy of
the models has been attempted by using analysis-of-
variance (ANOVA) technique. Experimental results
showed that model has 90% confidence level and the
model can be use to predict the bending strength of
Aluminium alloys 6064 weldments within the range of
parameter considered in this investigation.

1. Introduction

Mathematical modeling is not only used in applied
science but also in engineering field. Mathematical
modeling was used to predict the mechanical properties
(e.g tensile strength, grain size and hardness) of argon
tungsten pulse current arc welded titanium alloy
weldments and using RSM to develop the model. The
models was checked by ANOVA technique which
shown with 99% confidence level [1,2]. Optimization is
a key to improve quality characteristic and optimization
of the process without increasing the cost [3].

The quality of welded material can be evaluated by
many characteristics [4]. Mathematical models need to
be developed to make effective use of automated or
robotic arc welding [5]. The survey reveals the high
level of interest in the adaptation of RSM to predict
responses and to optimize the welding process.
Considerable attention has been focused in recent years
on understanding microstructure and mechanical
properties changes observed in the weldment area. RSM
explores the relationship between several factors or
more response. The objective of this method is to
optimize the responses [6].

RSM was used to predict bending strength of
aluminium weldment area of Metal Inert Gas (MIG)
robot welding. By using the optimum welding sequence
[7] the flatness of the panel can be improved and
angular distortion in the skin plate can be minimize.
Speciments cracks propagated either from the Heat
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Affected Zone (HAZ) of the face or the root pass and
spread across the specimen [8], Thomas & Nicholas
(1998) also reported the failure occurring in the HAZ
region. The goal of this study is to know the interaction
between current and voltage that affect the bending
strength.

2. Experimental Design

Aluminium alloys 6064 were welded by using MIG
robot welding. Testing speciments was prepared
according to ASTM (E-290-02) standard. The bending
test was conducted using Universal Testing Machine.
Different welding parameter was evaluated using
Trapezium 2 software. Filler wire ER 4043 with
diameter | mm was used, the welding speed 15 mm/min
and shielding gas using pure argon (99%) with flow rate
15 lit/min. The current between 170-190 Ampere and
the voltage variations were 16-20 volt. (see Table 1)

The adequacy of the model is tested using the
sequential model sum of square, lack-of-fit test and the
analysis-of-variance (ANOVA). This research only
focusing on bending strength of aluminium alloys 6064
weldment by MIG robot welding.

Table 1 Process control parameters and their limits

. Low | High
Factor | Parameter | Units Actual | Actual
A Current A 170 190
B Voltage V 16 20

3. Result and Discussion
The investigation results consist of the model
simulation of bending strength, model verification and
analysis of the welding parameters effect.

3.1 Bending Strength
The bending strength test of materials is obtained
from combinations of 13 parameters which consist of 4
test factorial points, 4 tests of axial points and 5 tests of
center points and the influence of current and voltage on
the bending strength is shown in Figure 1.
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Fig.1 The 3D plot of bending strength ratio as a function of current and voltage

Table 2 shows the ANOVA analysis for response
surface quadratic model for bending strength. The
Model F-value of 7.09 implies the model is significant.
There is only a 1.15% chance that a F-Value this could
occur due to noise. Values of Prob>F less than 0.0500
indicated model terms are significant model and non-
significant lack of fit. The quadratic model bending as

function of current and voltage can be written in
equation 1:

Bending = (2.66541E+007) — (2.44824E+005 Current)—
(5.24945E+005Voltage) + (628.28858Current?) +
(9080.40434Voltage®) (1)

Table 2 The ANOVA analysis to bending strength

Sum of Mean F p-value
Source Sguares df Square Yalue Proh = F
Model 3.B52E+010 § T.303E+009 7.09 0.01145 significant
A-Current {.425E+009 i {.435E+009 1.39 02764
B-loitage {.H18E+008 i . TI8E+Q03 o4 0.7515
Al {.973E+009 i {.973E+009 1.97 0.2089
A2 2643E+040 i 2B8432E+010 25.66 Q0045
g {.i04E+070 i . 04E+010 0.7y 0.0 36
Residual 7. 211E+009 7 1.030E+009
Lackof Fit  S.899E+009 3 1.9EBE+009 6.00 Q0587 not significant
Pure Error . 2TTE+009 g4 2 2F9E+008
Cor Total 4.373E+010 12

From the results, it shows that the bending strength
was affected by current and voltage (see Figure 1). It
was observed that the bending strength increased with
used of high current and high voltage (161086 Mpa).

The increasing in bending strength is related to the heat
input, high plastic deformation and shearing of the
grains (Fauzi et al. 2010).



3.2 Validation Result

The result from RSM was verified by using the
optimal levels of the welding process parameters. Figure
2 shows the relationship between the actual and

predicted values of bending strength, the measured
values trend to be close to the diagonal line, indicating
that the model adequately describes the response within
the limits of the factors being investigated herein.
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Fig. 2 Exhibited predicted values vs. actual of Bending strength

The actual results, predicted values and calculated
percentage error of confirmation experiments are shown
in Table 3. It is observed from the validation
experiments that there is a small percentage error
between prediction and actual. The model has shown 90
% confidence level for the bending strength.

Table 3 Validation result

Current | Voltage Bending strengthE
(A) V) predict actual (ﬁz)(;r
170 17 101000 109485 8.40
185 17 57100 58828 3.02
190 19 131000 137664 5.09
170 19 82100 74789 -8.90
180 16 65600 59703 -8.99

4. Conclusions

Using response surface methodology, welding
parameters which are influencing the bending strength
have been modeled. From this study we can concluded
that the model has shown 90% confidence level, and the
model can be use to predict the bending strength of
Aluminium alloys 6064 weldments of MIG robot
welding within the range of parameter considered in this
investigation. From this investigation it was observed
that the bending strength increased with used of high
current and high voltage (161086 Mpa). The increasing
in bending strength is related to the heat input.
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