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Abstract— The present of work is aimed at the TIG process parameters selection and optimization with
focus on weld sample output quality parameters namely temperature distribution, residual stresses, weld
distortion. A 10 mm thick SS 316 plate of dimensions 300x150mm with TIG welding is selected as
experimental investigation and four specimens with thicknesses 20, 15, 10, and 5 mm are taken for FEM
analysis using ANSYS software to predict the temperature variation and thermal stresses. Also 4 different
materials are included in this study to figure out the thermal stresses post welding in the specimens using
simulation. For calculating the thermal stresses coupled field analysis is used, firstly transient thermal
analysis is performed and the results are taken as inputs for the structural analysis.

Keywords— TIG welding, ansys, fem, thermal stress.
I. INTRODUCTION

The Stainless steel 316 (SS 316) bowl of dimension 300 mm X 150 mm X 10 mm has been used as a work piece
materials for present experiment study. And ER 316L weld rods are utilized as filler components for the weld signing up
for procedure. A model was produced in ANSYS (An over-all purpose FEA software program) using SOLID BRICK 8
NODE 70 (3D solid component with temperature dof) and PLANE 55 (A 2D Solid Element with 4 nodes), according to
the measurements of the plate used for the experimentation. A refined mesh is manufactured predicated on the
convergency requirements and the evaluation is conducted to estimate the temperature distribution. First of all a transient
thermal evaluation was carried out giving high temperature flux as enough time varying insight to estimate the heat range
variation. The nonlinear materials properties are fed for heat transfer solution. After that coupled field evaluation is
carried out to have the residual stresses and distortion by coupling thermal evaluation to static evaluation. The variation
of the heat range with time, the rest of the stresses and distortion are attained. The variation of the are talked about and
reported. In adition to experimentation with ss 316, in simulation three more components are added, they are ss304,
55410, ss430. These materials are selected as these are widely used in the construction fields all the details are discussed
in the further chapters.

Il. LITERATURE SURVEY

In recent years, with the development of powerful computing facilities, Finite Element (FE) analysis methods have been
applied to the simulation of TIG welding using commercial FE software packages.

A. About TIG welding simulation

YOUR RESEARCH ACTIVITY IN WELDING RUSE STARTED A LONG TIME AGO. ROSENTHAL [1], (1946) WAS AMONG THE FIRST
RESEARCH TO DEVELOP A GREAT ANALYTICAL TREATMENT OF HEAT MOVE DURING WELDED BASED ON LOCATION HEAT
COPY FOR GUESSING THE SHAPE WITHIN THE WELD POOL AREA FOR TWO AND THREE-DIMENSIONAL WELDINGS. USING THE
FOURIER PARTIAL DIFFERENTIAL BOX EQUATION (PDE) OF HEAT LOCATION, HE ANNOUNCED THE GOING COORDINATE
PROGRAM TO DEVELOP ALTERNATIVES FOR THE AND LIMIT HEAT OPTIONS AND UTILIZED THIS EFFICIENTLY TO ADDRESS A
VARIETY OF WELDING CONCERNS. HIS ANALYTIC SOLUTIONS WITHIN THE HEAT MOVE MADE POSSIBLE THE FIRST TIME THE
EXAMINATION OF THE METHOD FROM AN OPTION OF THE WELDED PARAMETERS PARTICULARLY THE CURRENT, POWER,
WELDING QUICKNESS, AND WELDS GEOMETRY.

COMPREHENSION OF THE THEORY OF WARMTH FLOW IS VITAL IN ORDER TO ANALYZE THE WELDED PROCESS
ANALYTICALLY, NUMERICALLY OR PERHAPS EXPERIMENTALLY. CONSIDERING THAT THE PIONEERING JOB OF ROSENTHAL,
CONSIDERABLE AFFINITY FOR THE ARCTIC ASPECTS OF WELDED WAS LISTED BY MANY STUDY WORKERS SUCH AS KAMALA
AND GOLDAK [2], (1993), NGUYEN ET APPROACH. [3], (1999), AND KOMANDURI AND Hou [4], (2000).The most critical
input data required for welding thermal analysis are the parameters necessary to describe the heat input to the weldment.
Goldak et al. (1984) derived a mathematical model for welding heat sources based on a Gaussian distribution of power
density. They proposed a doubled ellipsoidal distribution in order to capture the size and shape of the heat source of
shallow and deeper penetrations. Some researchers have also developed the thermal finite element simulation to
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investigate the temperature distribution of a metal such as Kraus (1986), Tekriwal and Muzumder (1988), Yeung, and
Thorthon (1999), and Bonifaz (2000).

IN THE LAST COUPLE OF YEARS, LIMITED ELEMENT STRATEGIES HAVE ALREADY BEEN UTILIZED EXTENSIVELY SO THAT
THEY CAN PREDICT CONTORTION AND LEFT OVER STRESSES BECAUSE OF WELDING FUNCTIONS LIKE THE TESTS BY
FRIEDMAN [5], (1975), SONG AND BROWN [6], (1992), MECHALERIS AND DEBICCARI (1997), SCOTT AND FREWIN [7],
(1999), AND THE SINGER ET APPROACH. (1999). GENERALLY, THE LIMITED COMPONENT TECHNIQUE WAS ALREADY
PROVED TO BE AN EFFECTIVE DEVICE TO DUPLICATE THE COMPLICATED WELDING PROCEDURE AS PERFORMED BY
FRIEDMAN (1975). HiS 2-D FINITE COMPONENT ANALYSIS WORK WAS UTILIZED BY TAYLOR ET AL THEN. [8], (1999) TO
VERIFY THEIR PARTICULAR 3-D COMPUTATIONAL MODELING OF WELDING PHENOMENA. THE FULL TOTAL RESULTS OF
FINITE ELEMENT ANALYSIS COMPLETED BY TAYLOR ET AL. (1999) WERE IN FAIR CONTRACT WITH THE EFFECT OBTAINED
SIMPLY BY FRIEDMAN (1975). THE FREIDMAN’S WORK IN ADDITION HAS BEEN FOUND IN THIS THESIS AS A CONFIRMATION
FINITE COMPONENT MODEL.

MOST OF THE WELDING STUDY PREVIOUSLY WAS LIKELY CONDUCTED TO INVESTIGATE THE DISPERSION OF SURPLUS
TENSION AND AS WELL, DISTORTION TOGETHER WITH WELDED METALLIC. THE TASK SANG THE NATIONAL ANTHEM BY
MANDAL AND SUNDAR (1997) FOR INSTANCE, ESTIMATES THE MOST IMPORTANT WELDING SHRINKING IN A WELDED BUTT
PART THROUGH THE USE OF ONE SPECIFIC MATHEMATICAL EDITION STRATEGY. DEBICCARI AND MICHALERIS, AND
OKuMOTO [9], (1997, 1998) CONDUCTED THERMO-ELASTO- PLASTIC MATERIAL SPECIFIC ELEMENT EVALUATION FOR
WELDED SIMULATION TO ALLOW THEM TO PREDICT THE MOST IMPORTANT WELDING DAUB. THEY HAVE CLAIMED THAT
THEIR APPROACHES HAVE ALREADY BEEN PROVEN CONSISTENT TO EMPIRICAL AND EXPERIMENTAL DATA. UTILIZE,
PUCHAICELA (1998) IN HIS CONTENT REVIEWED AND AS WELL, ANALYZED MANY FORMULAS AND AS WELL, FIGURES SO
THAT THEY CAN PROVIDE A REAL GUIDEBOOK ON THE DOMINANCE AND REDUCED AMOUNT OF DISTORTION.

NOT ONLY THE WELDING RESIDUAL STRESS AND DISTORTION HAVE BEEN STUDIED BY WELDING RESEARCHERS, BUT THE
EFFECTS OF WELDING VARIABLE, WELDING ORDER, WELDING ON THE GEOMETRY, AND ROOT OPENING HAS ALSO BEEN
INVESTIGATED BY SEVERAL RESEARCHERS PREVIOUSLY. HARWIG DE PLUS AL. (1999) FOR INSTANCE, CALCULATED THE
EFFECT RELATING TO WELDING DETAILS AND ELECTRODE CLASSIFICATION INSIDE THE DIFFUSIBLE HYDROGEN CONTENT
MATERIAL RELATING TO GAS PROTECTED FLUX CORED ARC WELDINGS. IN 1999, TsAI ET 'S. STUDIED THE EFFECT OF
WELDING SEQUENCE ON BUCKLING AND WARPING BEHAVIOR OF A THIN-PLATE PANEL STRUCTURE. TSAI ET WAY. (2001)
HAVE ALSO INVESTIGATED THE EFFECTS OF WELDING PARAMETERS AND SO JOINT GEOMETRY ON THE SPECIFICATIONS AND
DAILY MONETARY SERVICE OF SURPLUS STRESSES CONCERNED WITH THICK-SECTION BEHIND JOINTS. THE EFFECT OF THE
BASIS OPENING ON THE TOPIC OF MECHANICAL PROPERTIES AND ASSETS, DEFORMATION AND SO RESIDUAL STRESS OFFERS
BEEN QUITE REPORTED BY JANG ET WAY. (2001)

Experimentation

B. EXPERIMENT DETAILS

The TIG welding process parameters towards the development of welded joints are fabricated developed and analysed
for the weld quality parameters temperature distribution, residual stresses and weld distortions.

The TIG welding machine specification machine used in this process is shown below in table 4.

Table 4 Specification of machine

Parameter Specification
Supply Voltage 30-450Volts
Frequency 50
Phase 3Phase
Max Input Amps(Current) 40-80Amp
KVA 30
Range of hand amps(Current) 40-450Amps
Shielding Gases Argon
Tungsten Electrode 2% Thoriated tungsten
Polarity DC-DCEN
Work Piece 300x150x10mm

C. Experimental Results

The experimental work is carried out on the SS316 plates of 0.3x0.15x0.01m dimensions by following the sequence of
operations by varying the parameters as shown in the table 4.1
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Table 4.1 Process parameters

S.NO PARAMETER UNIT LEVEL-1 LEVEL-2
1 \Welding Current AMP 70 80
2 \Welding Voltage VOLT 14 15
3 Thickness of the Meter 0.01 0.02
Plate
4 Welding Speed mm/sec 1.5 25

Fig 4.8 Experiment Plates

D. Weld Experiment Data

Table 4.2 Experimental Data

S No Current (Amp) |Voltage Area (mm2)  |Welding Speed Heat Flux (W/m2)
(Volt) (mm/sec)
1 70 15 1350 15 0.46E6
2 80 15 1350 25 0.53E6

Table 4.3 Experimental results

Welding
Voltage (Volt) [Current (Amp) |Area (mm2) Speed Efficiency (%) Distortion (deg)
(mm/sec)
15 80 1350 2.5 0.6 1.3
15 70 1350 1.5 0.6 1
I1l. SIMULATION

A. Problem Definition

A good Finite Element (FE) simulation of the welding process yielding the welding-induced residual stresses in a butt-
welded plate is presented. In fusion welding, a weldment is locally heated by the welding heat source. Because of the
non-uniform heat distribution during the thermal cycle, incompatible strains result in thermal stresses. These kinds of
incompatible strains because of dimensional changes associated with solidification from the weld metal (WM),
metallurgical transformations, and plastic deformation, are the sources of residual stresses and distortion. Welding-
induced residual stresses and distortion can play a very important role in the reliable design of welded joints and welded
structures.

Another, a radical component feinte of the welded procedure glorious the heat range distribution, welding-induced
residual attaque and the disfigurement in a butt-welded plate are actually presented.
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Isometric view

Fig Schematic diagram of welding test plate
B. Material Used

SS316 material can be used. Grade 316 may be the habitual molybdenum-bearing grade, second on importance if you
want to 304 amongst the austenitic stainless steels. One of the molybdenum gives 316 better overall corrosion resistant
properties come up with Grade 304, particularly higher resistance to pitting and crevice corrosion in chloride
environments. It has excellent forming and welding characteristics. It is readily brake as well as roll formed into a
variety of parts meant for applications inside the industrial, architectural, and vehicles fields. Grade 316 also has
outstanding welding characteristics. Post-weld annealing is not required when ever welding skinny sections

To produce 316L, the reduced carbon is rather of 316 and is defense from sensitization (grain bounds carbide
precipitation). Thus it really is extensively found large appraise welded elements (over in 6mm). To produce 316H, using
its higher susceptible to articles is bound to have program might elevated temperature ranges, as does stable quality
316Ti. The austenitic framework gives these grades exceptional toughness also, down to cryogenic temperature ranges
even. Excellent welded capability just all regular fusion strategies, both offering and without filler metals. FOR 1554. to
enjoy pre-qualifies welded of 316 with Quality 316 as well as , 316L offering Quality 316L rods akan electrodes (or their
full silicon equivalents). Large welded sections near Quality 316 need post-weld annealing for the optimum decay, rust,
calcium, lime level of resistance. This is simply not required for 316L. Quality 316Ti may also be used instead of 316 for
large section welding.

Grade 410 metal steels are general purpose martensitic stainless steels containing 14. 5% chromium, which provide
good decay resistance property. However , the corrosion level of resistance of quality 410 steels could be enhanced by
some processes such as for example hardening further, tempering and simply polishing. Tempering and quenching may
harden quality 410 steels. They are utilized for applications involving gentle corrosion generally, warm air level of
resistance and simply high power. Martensitic s / s steels are actually fabricated by using methods that demand final
heat therapy. These position are much less resistant to corrode in comparison with which austenitic position. Their
operating temperature ranges are affected by their loss of power at high temperatures frequently, due to over reduction
and tempering of ductility at subzero temperatures.

Stainless steel grade 430 is definitely your own non-hardenable alloy containing right chromium, and so is one of the
ferritic group of steels. This steel is known for its good corrosion resistance and formability, put together with practical
mechanized properties. It can be used in likely chemical job applications due to its resistance to nitric acid. Grade 430F
steel is usually equipped in bodega type so that it will be utilized by automatic bolt devices. May help you 434 would
have identical belongings as may help you 430, though it is usually the new molybdenum shouldering edition. My
molybdenum content material enhances the dog's corrosion resistant.

C. Material Properties

Several different material have been used in structures where welding is involved, with low carbon steel being the most
common. The weldment material properties employed in this work were of SS316.

Environment dependent material properties were definitily needed inside analyses. These modulus pertaining to
elasticity is definitely a measure of the rigidity of a material. A higher modulus material is going to be more likely into
resist contortion. The amount of expansion or inquiétude of a metallic will endure during a heating system or an air
conditioning cycle depends on the ratio of high temperature expansion. High temperature conductivity gives a measure
of a new ease of power circulation by using a material.

The selected material properties are Young’s Modulus, Poisson’s ratio, thermal conductivity, specific heat, thermal
expansion coefficient and density The table 6.1 below gives the t material properties of all materials used in this study.
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Table 6.1 material properties

T (K) E (GPa) Density [ 0 (10-6/0C) K (W/m OK) C (KJ/Kg OK)
Ss 304 193. 8000 15.2 16.20 500.0
Ss 316 193 8000 15.9 16.3 500.0
Ss 410 200 7800 9.9 249 460.0
Ss 430 200 7750 104 26.1 460.0

Based on the results from the simulation and analysis, the simplified modeling process for simulating welding-induced
residual stresses and distortion using a general-purpose FE package described here is reliable and instructive.

1. Use symmetrical feature of the model to reduce the program running time and space required

IV. RESULTS AND DISCUSSIONS

2. Simulating the 3-D effect of that arc traveling by applying your ramped temperature input celebration. Adopting
uncoupled thermal and stress analyses, the heat history results are read from the thermal analysis as loading to the
stress analysis. That thermal analysis should be transient to trace that rapid modification of heat with time while a
static analysis can be adopted to get the stress evaluation. However, a significant number of time period points, at
which the heat results are to generally be read into the stress evaluation, should be identified to capture that heat
gradient and give exact residual anxiety results applying the load procedures option.

3. Radiation and latent heat from phase transformation can be ignored to simplify the modelling procedure.

A

Thermal Results

Transient thermal analysis of 20 mm plate made with ss304 material

‘B: Transient Thermal

Temperature
Type: Temperature
Unit: °C

Time: 10
14-lan-194:13 PM

Temperature distribution

B: Transient Thermal
Total Heat Flux
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B. Tables
o Table representing the simulation results for SS 304 material at different plate thicknesses
total equivalent elastic .
Ss 304 temperature oC heat flux W/m2 deformation (m) strain(m/m) equivalent stress (Pa)
min max min max min max min max min max
rz)?atrzm R 40 385.16 | 4.62E-05 | 7.77E+05 0 0.000105 3.71E-08 0.014562 | 7164.7 2.81E+09
;fag;m thick | 3926 | 408.43 | 4.99E-05 | 8.30E+05 | 0 | 0000106 | 7.28E-08 | 0.015009 | 14045 | 2.91E+09
Fl)?atrgm thick 39.785 455 0.000285 | 9.36E+05 0 0.000111 9.10E-08 0.016125 | 17562 3.11E+09
EIQ? R 22 503.63 | 8.79E-05 | 6.37E+06 0 3.82E-04 1.66E-08 0.019092 | 2292.1 3.75E+09
® Table representing the simulation results for SS 316 material at different plate thicknesses
temperature oC heat flux W/m2 tota_ll equwa_lent elastic equivalent stress
SS 316 deformation (m) strain(m/m) Pa)
min max min max min max min max min max
20 mm
thick 39.838 | 384.05 | 9.85E-05 | 7.77E+05 0 9.66E-05 | 5.84E-08 | 0.013429 | 11279 | 2.59E+09
plate
15 mm
thick 39.826 | 408.43 | 4.99E-05 | 8.30E+05 0 | 0.000106 | 7.28E-08 | 0.015099 | 14045 | 2.91E+09
plate
10 mm
thick 39.78 | 453.72 | 0.000164 | 9.36E+05 0 | 0.000103 | 8.37E-08 | 0.014877 | 16154 | 2.87E+09
plate
5mm
thick 39.626 | 592.4 0.000752 | 1.25E+06 0 | 0.000117 | 7.16E-08 | 0.017508 | 13812 | 3.38E+09
plate
C. Graphs
. Graph representing the simulation results for SS 304 material at different plate thicknesses
SS 304
600
500
400
300
200
100
o —
20 mm thick plate 15 mm thick plate 10 mm thick plate 5 mm thick plate
= temperature oC min temperature oC max
Graph representing temperatures
SS 304
7.00E+06
5.00E+06
5.00E+06
4.00E+06
3.00E+06
2.00E+06
1.00E+06
0.00E+00 - @ @ @
20 mm thick plate 15 mm thick plate 10 mm thick plate 5 mm thick plate
—@— heat flux W/ m2 min heat flux W/m2 max
Graph representing heat fluxes
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Graph representing stress

V. CONCLUSIONS

V1. Development of a 3-dimensional coupled thermo-mechanical finite element model of a TIG welding process was
described in this work.

1. By conducting experiments with weld parameters the heat flux is calculated and is used as input for the finite element
analysis in butt-welding of plates.

2. Analysis of this weld joint gives useful information for the modeling of the process under different process conditions
without carrying out real experiments on the machine, this saves money, time and resources.

3. The results obtained from the welding process simulation explain about the temperature and stress distributions from
the weld region to the other regions.

4. Maximum temperature of 503°C was observed by applying the heat flux value of 0.84x106 W/m2

5. Variation of temperature by varying welding voltage, joint efficiency and thickness of the weld plate is observed.
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6. The temperature is gradually increasing from 294 to 370 o C as the voltage is varied from 12 to 15V
7. The temperature is gradually increasing from 320 to 501 o C as the joint efficiency is varied from 0.6 to 0.9
8. The temperature is gradually decreasing from 372 to 271 o C as the thickness of the plate is varied from 10 to 25mm

9. Coupled field analysis is carried out to estimate the residual stresses. The maximum induced stress observed due to
the temperature distribution of 503 o C is 136 MPa.

10. Temperature is accumulating more and more as the thickness is decreased
11. Stress are gradually increasing with decrement in thickness, this could be a result of temperature accumulation.

12. As the thickness is reducing the net volume is also reducing, as specific heat doesn’t change higher temperatures are
recorded in the plates with low thickness

13.In the similar passion stress are also increasing because of higher thermal gradient

14.Here we are not comparing the materials because we are studying the thermal stress behavior of the materials by
varying the plate thicknesses.

15.To reduce thermal stress in thin plates, some assistance must be provided for better removal and quick removal of
heat from the works piece.

16.The resultant distortion observed in the weld plate is 0.043mm
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