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Abstract: Welding-induced residual stresses and distortion can play a very important role in the reliable design of
welded joints and welded structures. In fusion welding, a weldment is locally heated by the welding heat source.
Due to the non-uniform temperature distribution during the thermal cycle, incompatible strains lead to thermal
stresses. These incompatible strains due to dimensional changes associated with solidification of the weld mental
(WM), metallurgical transformations, and plastic deformation, are the sources of residual stresses and
distortion.However, the welding process itself is a very complex phenomenon, which has not been fully understood,
so that the distribution and magnitude of residual stress is not readily available from the literature. It is therefore,
necessary to develop a model for the welding process, which would produces not only qualitative but also
quantitative information on residual stresses.In this work, a finite element simulation of the welding process yielding
the welding-induced residual stresses in a butt-welded plate is presented. The model was validated by compression
of its predictions with numerical simulations. Parametric studies were carried out on the validated model to assess
the effects of the amount of heat input, the yield strength of the material as well as the temperature-dependence of
material properties on the final residual stresses. Based on these studies, a simplified modeling procedure of
reasonable accuracy was proposed

Introduction
Welding

Welding process is used extensively in the fabrication of structures and machines. However, the non-uniform
heating and cooling of metal during and after welding operations cause non-uniform thermal expansion and
contraction, generating plastic deformation in the weld neighborhood. This results in residual stresses and permanent
distortion of the weldment during cooling which can reduce the expected life of a welded component in various
modes of failure. The residual stresses transverse to the weld may lead to formation of hot cracks. High tensile
residual stresses are known to promote fracture, corrosion cracking and fatigue in a welded structure. On the other
hand, compressive residual stresses tend to reduce the buckling strength. Formation of residual stress in weldment
can be attributed to three sources, the non uniform simultaneous heating and cooling of the part during welding,
variation in shrinkage due to variable cooling rates in different regions of the weldment and the volumetric changes
during metallurgical phase transformations. So, the prediction of residual stresses and distortion can make the
welding process with minimum residual stress. As the thermal cycles experienced by weld have a major influence
on residual stress distribution, it is of great interest to predict the thermal cycles also in a weldment.

The application of Welding process found in the automobile industry, structural work, tanks, boilers, furniture,
pressure vessels, building and bridge constructions, railway wagons, aircraft machine frames, ship buildings, pipe-
line fabrication in thermal power plants and refineries, etc. There is a big competition between welding and casting
process nowadays. Many of the cast products are being fabricated nowadays by welding various parts together.

Finite element analysis

Finite Element Analysis (FEA) is a computer-based numerical technique for calculating the strength and behaviuor
of engineering structures. It can be used to calculate deflection, stress, vibration, buckling behaviour and many other
phenomena. It can be used to analyze either small or large-scale deflection under loading or applied displacement. It
can analyze elastic deformation, or "permanently bent out of shape" plastic deformation. The computer is required
because of the astronomical number of calculations needed to analyze a large structure. The power and low cost of
modern computers has made Finite Element Analysis available to many disciplines and companies.

Heat flow in welding
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Heat flow Equations

During arc welding the heat source is moving, two sets of coordinates will be used, one set with X, y, z is stationary
with respect to the heat source and one set with ,, y, z, which is moving with respect to the heat source.The
differential equation of heat flow expressed in the stationary coordinates is

S2TIS X2+ 82T/ 8y 2+ 8T8 25 =2 M8 T/ 5 1) .. (21)

Where,
A~ the reciprocal of twice the thermal diffusivity k/Ac
k-thermal conductivity in w/mm°C
A-Density of the material in kg/mm®
c- Specific heat capacity in ki/kg’C

Equation essentially refers to a fixed coordinate system and may be modified to a moving coordinate system by
replacing x with g, where ¢ is the distance of the point heat source from some fixed position along the x-axis, with
dependence on the velocity of the moving heat source.

€= Xx-vt ... (2.2
Equation when differentiated with respect to , and simplified gives, the heat transfer equation in quasi-stationary
condition.
(82T/8e%+ 82T/ 8y >+ 8°T/ & 2%) k/pe= 8T/ 5 t ... (2.3)

like temperature dependent material properties, phase change, distributed arc heat energy, convection and radiation
heat losses.
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Figure: 1Temperature and stress at different time intervals.

355



ICRMESE - 2020 ISSN: 2008-8019

Special Issue on Proceedings of International Virtual Conference, Recent Materials for, Engineering Applications and Sustainable
Environment, December 2020. International Journal of Aquatic Science, Volume 11, Issue 1, 2020.

(1A

Y

Ty
(({Ig{{iiITi {l == —=TTryrrrrrregren—
Ox
Figure: 2

Mesh Generation

Mesh generation plays a crucial role in accuracy and economy of numerical results. The dimensions of the plate are
as follows Length = 80mm, Width = 80mm, Thickness = 8mm. The nodes and elements in the plate model are
generated directly and nodes are numbered in such a way that the bandwidth is minimum. This is done to achieve
further economy in solution. The total number of elements and nodes are 380 and 651 respectively. The analysis
uses Solid 70 for thermal and structural analysis.

Figure: 3lsometric view of the plate employed in the study

Results and discussion

The details of a typical thermal and structural analysis of butt welding process are discussed in chaper-3. Chapter-4
has presented the solution methodology for the investigation. Thermal and structural analysis are carried out by
varying the important parameters that are primarily responsible for determining the quality of weld. The results of
software analysis and analytical analysis were plotted using graphs and the impact of variation of each parameter on
the temperature, and residual stress in the welded region has been discussed.

Results from structural analysis

The results obtained from the structural analysis are residual stress of the plate. Thermal expansion co-efficient and
modulus of elasticity of the material are assumed to be constant and isotropic respectively. Residual stress in the
weld zone are affected by the properties like plate thickness, convective heat transfer co-efficient, bulk temperature
and metal preheat temperature. While the modulus of elasticity of the material increases, the residual stress in the
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weld zone also increases and vice-versa. Therefore, residual stress is directly proportional to the modulus of
elasticity of the material. The results for the structural analysis are shown in Figure: 5.9, Figure: 5.10
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Figure: 4 Temperature distribution for 1 seconds
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Figure: 4 Temperature distribution for 2 seconds
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Figure: 5Temperature distribution for 3 seconds
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Figure: 6Temperature distribution for 4 seconds
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Figure: 6Temperature distribution for 5 seconds
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Figure: 7Temperature distribution for 6 seconds
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Figure:8 Temperature distribution for 6.6 seconds
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Figure:9 Stress distribution for 1 seconds
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Figure:10 Stress distributions for 20 seconds
Conclusions and scope for future work
Conclusions
Thermal and structural analysis of a three dimensional butt joint weld has been done. The effect of temperature
distribution and residual stress were analyzed and the results were plotted. Then the thermal analysis carried out by

the software ANSYS 8.1., is compared with analytical analysis carried out using Turbo C. The major conclusions
drawn from the present investigations are:
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1. The peak temperature obtained from both the analysis is more than the melting point of the selected
material. Based on this peak temperature, the welding has been successfully carried out at the particular
time.

2. From the thermal analysis the deviation among the two analysis is less than 5%. So, the model has been
validated.

3. From the structural analysis, it have been observed that the compressive stresses are acting at the weld
zone.

Scope for future work

The following are some of the proposed extensions of this research work possible on butt weld.

1. The analytical analysis for the structural analysis may be carried out.
2. The effect of input parameters can also be elaborately studied, if all the real-time parameters are
known.

Appendix

The distributed arc heat is one of the most important parameters for getting accurate solution. The arc heat flux is
assumed to be distributed as per Gaussian distribution that has been proposed by Friedman and Krutz which is given

by
Q(x,z,t)= B3q/ard)*exp[-3(x/r)**exp[(-3(z,+ W((riw)-O)/r)?]. .. (4.1)

Where,
q=n*v*Iis the energy input in (Watts) which is given by
In which,

Arc efficiency () = 90%

Voltage (volts) (v) = 33

Current in (amperes)(l) = 1170

q=n*v*I =(0.9*33*1170)= 34749 watts

Distance perpendicular to the weld line (metres) (x) = 0.045

Thickness of the plate in (metres) (y) = 0.008

Distance along direction of weld line (metres) (z) =0
radial distance given by r =V(x*+y*+7%) .

(r) = V( 0.045)*+(0.008)°+(0)* = 0.045 metres.

weld speed (m/sec) (w) = 0.01212.

Time in (sec) (t) = 6.6

Substituting all the above values in equation (4.1), then the Gaussian
Distribution is

Q(x,z,t)= (3q/nrd)*exp[-3(x/r)*]*exp[(-3(z+ w((r/iw)-t)/r)?]. .. (4.1)
Q=(3*34749/n*(0.045)?)*exp[-3(0.045/0.045)*]*exp[(-3(0+ 0.01212 ((0.045/0.01212)-6.6)/0.045)*]

Gaussian heat distribution (Q) = 160341.88 (w/m?).
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