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The structure Optimization Research of the Automation Welding Equipment
of the Large L-type Using the Response Surface Method
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Abstract

The automation technology for overlay welding is needed due to the occurrence of severe corrosion and abrasion on the
surface of internal contact in different shape of fittings. In Korea, different shapes of fittings have been manufactured by
using the imported equipment of overlay welding automation at some companies. Thus the research on the development
of overlay welding automation system (in short, OWAS) for a large L-type tube is urgently needed”. In this paper, the
investigation is focused on the optimal design of a supporting base for the (currently developing) OWAS of large L-type
tube. Specifically we assume that the base which supports the equipment during the process of overlay welding is loaded
as self-weight in the direction of gravity through static analysis especially when it is rotated 180 degree on the OWAS.
For optimal design of a supporting base for OWAS of large L-type tube, Solidworks® (for 3- dimensional modelling)
and ANASYS Workbench® (for structural analysis) are incorporated so as to proceed an optimization routines based on
Response Surface Method (RSM) and Design of Experiment (DOE). In more specific, DOE finds out major factors (or
dimensions) of the supporting base by using MINITAB®. Then the regression equations between design variables (the major
factors of supporting base) and response variables (deformation, stress and safety factor for the supporting base), which
will be resulted in by RSM, verify the major factors of DOE. In the next step, Central Composite Design (CCD) plans
20 simulations of ANASYS Workbench® and then figures out the optimal values of design variables which will be reflected
on the manufacturing of supporting base. Finally welding experiment is conducted to figure out the influence of overlay

welding quality in applying the optimized design values of supporting base to the actual OWAS.

Key Words : Overlay welding automation system(OWAS), Design of experiment(DOE, A3 A &), Response surface method(RSM,
HE-3- M), Central composite method(CCM, Z4EHIH)
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3. OWAS for DOE(Design of Experiment)
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Fig. 4 (a) 3-D model of Solidworks for OWAS
(b) FE model for OWAS
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Fig. 6 Design parameters for DOE

Table 1 Initial Analysis Result

Deformation[mm]

Stress[Mpa]

Safety Factor

6.399

87.169

2.868
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Table 2 Range of each design parameter

. Range[mm)]
Design Parameters
Lower Upper
X1 502 542
X2 130 170
X3 10 50
X4 10 50

Table 3 Orthogonal Amy(L16(24)) with analysis result

Xl | X2 | X3 | X4 [SI\ZZ Def;’m“;‘;“on ?:ifg
1 1502|130 | 10] 10| 12268 | 52461 | 52461
2 | 502130 10 | 50 | 50001 | 49374 | 49374
3 ]502]130]50] 10/ 6318 | 55254 | 55254
4 502|130 | 50 | 50 | 48985 | 51856 | 5.1856
13542170 | 10 | 10 | 52.137 | 41946 | 4.1946
14542170 | 10 | 50 | 43.878 | 3.8226 | 3.8226
15542170 | 50 | 10 | 58.170 | 44837 | 4.4837
16 | 542 | 170 | 50 | 50 | 62.850 | 53828 | 53828
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Fig. 7 (a) Main effect about the mean
(b) Signal to noise ratio
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Table 5 Comparison of the optimal value and the initial value

X1 X2 X3 X4
Initial value 522 130 30 30
Optimize value | 540.6662 | 156.7202 30 62.66
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Table 6 Comparion of initial design with optimal design

Value
Improvement
]?efore. Aﬁer 4 Rate
Optimization | Optimization
0,
Deformation 6.3986 4.7036 26%
(decrease)
0,
Stress 87.169 62.087 28.8%
(decrease)
()
Safety Factor 2.868 4.0266 .40'44
(increase)

Table 7 Welding condition

Power LINCOLN POWER WAVE 455M
WES 660cpm

Frequency 140Hz

CTWD 22mm

Welding Speed 35cpm

Oscillation Freq. 2.5Hz

Shielded gas 70%Ar-26%He-4%CO, 25!/min
Interpass temp 150C

After Optimization

Before Optimization
Fig. 10 Welding quality
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