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Abstract. The unfitness of weld and gap variation are salient using traditional TIG procedure for
the five-port connector flange. Insufficient reliability and the instability of the weld are
catastrophe, which cannot accommodate to new generation type production’s requirement. In
this study, a finite element model of the five-port connector was built and the distribution of
temperature field and deformation were studied. The result shows that welding thermal cycle is
greatly different from the ordinary butt weld during welding of the flange and spherical shell. The
welding deformation is complex from the direction of UX and UZ. Especially maximum
deformation from the direction of UZ is about 4.96mm .According to the result, the optimum
welding fixture is designed on the view of the smallest deformation, to critically control the
deformation of the both sides of the welding line, finally to accomplish the robotic flexible
welding.

1 Introduction

In the spaceflight industry, thin-walled structure occupy sizable proportion, which
belongs to important component. Because of non-uniform thermal expansion and
shrinkage, Deformations of a welded work-piece would be occurred, then directly
affected manufacturing quality and service deadline of the welding product [1-3]. If the
distortion of the structure can be predicted accurately for the complex weld, the
optimum welding fixture and procedure scheme is designed on the view of the smallest
deformation. It can greatly improve efficiency and critically control the welding
deformation of the both sides. However, how to predict and control the welding
deformation has become an urgent problem further [4-8].

In this paper, thermal elastic-plastic FEM (Finite-Element-Method) was used to
analyze the five-port connector of the rocket. At the same time, the accuracy and
iterative convergence speed, which occurred in dealing with the complex, weld
structure, corresponding material attribute reduction and computation techniques had
been improved. The optimum welding procedure scheme is designed on the view of the
smallest deformation, which satisfied the accurate prediction and controlling for the arc
welding.
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2 Model of the Flange Weld

2.1 Finite Element Model

In the numerical simulation of the five-port connector for LF12 aluminum alloy, it is
assumed that the base metal is the same as the welding materials during welding. The
spherical shell is 450mm in diameter, 3mm in thickness, in which uniformly distribute
four flange holes along the radial direction of 38° (Fig.1) . The flange hole is 180mm
in diameter, which weld by one side. The AC ampere and voltage used for welding
were 150A and 15V.

Fig. 1. Five-port connector used in experiment

In this paper, hemispheric Gauss thermal model was adopted. Equation(1)can be
represented GTAW moving thermal model. Where Q is the instant heat applied to the
work piece; X,y,z are the half axis.

6 \/g Q xz yz Zz
q(x’ Y, Z) :—exp(_3(_+_+_)) (1)
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During welding process, elastic-plastic deformation would be occurred according to
the equation(2).The relations between displacement {d 0} and strain {de}® increment

are shown as follows:
{de}*=[B]{d o} ()

where [B] is the elastic-plastic matrix, which is related with the linear expansion
coefficient and yield strength [9].

2.2 The Material Properties

The reliability of material properties should be validated. According to the above
discussion, part of the adoptive parameter is quoted from the document [10-11]. The
properties at elevated temperatures are obtained by through bilinear interpolation in this

paper.
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Figure 2 shows a simulated model. A computational model using a finite difference
analysis was appropriately modified to investigate the reliability of the material
properties. Using RS232C universal meter, the temperature in the HAZ was measured
with special designed USB interface. Numerical calculations were consistent with the
measured value.

Temperatue T )

Fig. 2. Model of sample in ANSYS and comparison of temperature between calculations and
measured value

3 Simulation Result of the Welding Process

3.1 Simulation Result of the Welding Temperature Field

Fig.3 shows dynamic three-dimensional temperature field of 1s and 10s.From the
distribution of the temperature field, the weld temperature field varied from the moving
heat source. Owing to the difference of the boundary condition for heat dissipation,
peak temperature will continuously change. When loading time is at 1s, the temperature
of the local weld is very high and the gradient is also great. The result is similar to the
actual welding process. When the heat source moved, heat dissipation for the flange
hole is contributed to the badly heat-dispersed condition. As a consequence, the loading
time is conducted at 10s, which make the temperature gradient maximum. Considering
the thermal conduction, the heat transfer between work-piece and atmosphere, weld
metal undergo the rapid heat rating.

In the numerical model, three test points on the spherical shell were chosen to study
how to recognize the happening of the local temperature distribution. These points were
chosen at the different location of the weld. Figure 4 represents the thermal recycle
curve between calculation and measured value. The varied trend of temperature is
uniformed.

From the above-mentioned simulation results, the peak temperature of the weld zoon
is occurred at the position of the badly heat-dispersed condition. Because of the
superposition of the arc starting and end welding, the initial welding position undergoes
twice obvious thermal recycle.
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Fig. 4. Comparison of heat circulation curve between simulation of welding five-port connector
and experimentation

3.2 Simulation Result of the Welding Deformation

A non-linear transient thermal analysis is performed to predict the temperature history
of the whole domain. In order to ensure correct loading, the finite element model for
both thermal and structural analysis is the same except for element type.

Fig. 5. Welding deformation of spherical shell
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For structural analysis the element type is the SOLID45. with three translational
degrees of freedom a t each node.The results of the thermal analysis are applied as a
thermal body load in a non-linear transient structural analysis to calculate deformation
and stresses. The minimal step is set to 0.0001s. According to the simulation of the
result, thermoplastic behavior was analyzed. Especially, the whole structure from the
direction of UX and UZ was conducted under the free condition. In order to investigate
the deformation, 2-time magnification was used to the model.

It can be seen from Fig.5 that there is an obvious deformation in or near the flange
weld. Dash line indicates non-deformed profile. The uneven contraction appears along
the radial direction of the flange hole. Because of the different thickness between
spherical shell and flange, the distribution of the residual plastic strain is asymmetric.
Consequently, there will be elliptical deformation on the flange hole. Results of axial
displacement (UZ) on the flange hole from the radial direction have been testified.
These asymmetric residual compressive stresses cause axial displacement near the
weldment.

In Fig.6, the axial displacement for the UZ direction that is located on the weldment.
From the figure, it can be easily seen that there is a jump in the deformation diagrams in
points No.2. The magnitude of the jump in the c¢ with the further decrease in
temperature, the plastic deformation reduces 0.77mm after the elastic limit. The
magnitude of the deformation is relative low in the weld start position owing to the
restrain from the top spherical shell. It is observed that there is twice elastic
deformation in the initiation arc.
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Fig. 6. UZ displacement

In the experiment contraction appears and the maximum deformation measured
1.0mm in the bottom spherical shell (Fig.7). The flatness of the bottom spherical shell
indicated “M” in shape. The residual compressive stresses cause contraction in the
flange hole along the radial direction.

According to the simulation result of the five-port connector, controlling the
deformation from two aspects follows as: (1) the adjustment of the welding procedure ;

(2)the design of the optimum welding fixture on the view of the smallest deformation.
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As the arc proceeds, the welding gap varied constantly due to the contraction of the
solidifying welding bead. The flange weld is divided into four sections and the welding
sequence follows as Fig.8.

The design scheme of “Sandwich” type will be applied to the welding process
device. It is directly fixed on the robot modified gear. While the spherical manipulator
would be used to push against the inner surface of the spherical shell, it could be
controlling the contraction.

Fig. 7. Workpiece of five-port connector Fig. 8. Welding sequence

4 Conclusions

This model is useful to study the thermal and mechanical behaviors of structures during
the welding process, and also is useful to optimize the welding procedure.

1) The initial welding position undergone twice obvious thermal recycle that is
different to conventional butt welding. The great temperature gradient appeared on the
bottom of the spherical shell.

2) During welding proceed, the distribution of the temperature field varied
constantly owing to the differential heat dissipation boundary condition and resulted in
the asymmetric residual stressed distribution. Tensile stress occurred around the weld
and the compressive stresses were produced on bottom of the spherical shell.

3) The maximum elastic deformation for point No. 2 is 4.96 mm, which is just
identical with actual welding process. In order to critically control the deformation of
the both sides of the welding line, the design scheme of “Sandwich” type is applied to
the welding process device.
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