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ABSTRACT

Welding is a wide range multistate permanent fastemethod of fabrication. Globally welding techogy has
numerous applications. The prespape deals with the analysis of distribution thfe residual stresses that act on
welded tubular T-jointsResidual stresses vary according to the varyingoésatures on the joint. The equivalent stre
and other stresses are calculated from the thealigticalculated inputs. The theoretical inputs gineen to the analysi
software ANSYS Workbench i.e.eht flux, temperature and young’s modulus of thdenw selected for the join
The model i.e. Tjoint including with the weld region is designeddasigning software CATIA and the model is impoi
to ANSYS for analysis.

KEYWORDS: Welding ANSYS Workbenct CATIA, Residual stresses, Tubular Joint

1. INTRODUCTION
1.1. Introduction to Welding Technology

Welding is a science of joining the metals by tpeleation of hea Welding has been an important fabricat
process in modern industry outdating the other medijoining the metals like bolting, riveting efithe welding is widel
used as a fabrication and repairing process insimigis. Some of the typical applicens of welding include the fabricatic
of ships, pressure vessels, automobile bodiesshore platform, bridges, welded pipes, sealing uélear fuel anc
explosives etc. Welding has been an importantdakicn process in modern industry outdating tther means of joining

the metals like bolting, riveting etc.
1.2 Manual Metal Arc Welding (MMAW)

It is a manual arc welding process that uses awnable electrode coated in flux to lay the w Operation of
Manual Metal Arc Welding: To strike the electric arc, the electrode is brougtd contact with the work piece in a sh
sweeping motion and then pulled away slightly. Tinisiates the arc and thus the melting of the wpikce and th

consumable electrode, and causes dropl¢the electrode to be passed from the electrodectavéiid pool

Welldirng muschine AC or DC
powver source and controls

1 Electrode holder
e Electrode
- Bure
3 T ——
Lﬁ&
Worke calrle

— Electrocie cable

Figure 1: Equipment of Manual Metal Arc Figure 2: Manual Metal Arc Welding Process
Welding
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38 Ch. Siva Ramakrishna& B. N. Dhananjaya Rao

As the electrode melts, the flux covering disingggs, giving off vapours that protect the weld dreen oxygen
and other atmospheric gases. In addition, theghaxides molten slag, which covers the filler metsalit travels from the
electrode to the weld pool. Once part of the wettblpthe slag floats to the surface and proteces weld from
contamination as it solidifies. Once hardened, ustrbe chipped away to reveal the finished weldil&\olarity affects

the penetration and burn-off rate, the electrodsing also has a strong influence on arc charatiesi
1.3 Residual Stresses at Welded Joints

The residual stresses can be sufficient to causetal part to suddenly split into two or more p®edter it has
been resting on a floor or table without any exaétoad being applied. This is not a common ocaweebut experienced
people in the metal working industry have witnestfeésl phenomenon. Residual stresses are the striwtteare inside or
locked into a component or assembly of parts. hitermal state of stress is caused by mechanidakomal processing of
the parts or both. Common examples of these ardilgrrolling or forging a part. Also the thermalesses are induced
during welding. Residual stresses can play a st role in explaining or preventing failure otamponent at times.
Thermal residual stresses are primarily due teedbfitial expansion when a metal is heated or codleel two factors that
control this are thermal treatment (heating or ikg)land thermal restraint. Both the thermal tresattrand restraint of the
component must be present to generate residuasesesources of Residual StressedDue to the non-uniform
temperature distribution during the thermal cyaiepmpatible strains lead to thermal stresses. & mempatible strains
due to dimensional changes associated with salatifin of the weld metal, metallurgical transforimas and plastic
deformation are the sources of residual stressgslistortion. Welding induced residual stressesdiatbrtion can play a
very important role in the reliable design of weldeints and welded structurdstfects of Various Factors on Residual
StressesResidual stresses mainly depend on the followiktpfa (1) Effect of heat input value. (Il) Effect ®mperature
dependency on material properties. (lll) Effectratliation and phase chang&¥evelopment of Welding Residual
Stresses:Residual stresses are formed by the plastic detansaduring the thermal cycle of welding. Duringlding,
the high temperature at the weld region causes mEsspe stress due to thermal expansion. This ogsspe stress
exceeds the yield stress at the corresponding tatyre. Away from the weld, the stress is tensidgildrating the
compressive stress over the analysis plane. Thessteverses sign from compressive to tensilecatitms that have
plasticized during welding, and a band of residiiedsses at the material yield level (at room teatpee) is developed at

the weld region. Away from the weld the residuadss is compressive.
2. LITERATURE REVIEW

SK. Yeoh [1] presented his research on the ‘behaviour of Tulijaints that are subjected to combined loading’
in the year 1995 and concluded that a round-tod@dubular t-joint was subjected to axial load, lase bending, out-of
plane bending and combination of three loads. Téak ot spot position on the T-joint under combiteatls shifts in

location from that of the basic load cases.

L. Sundar [2] presented a paper on ‘butt joints through manuaaharc welding’ in 2006 and proved that
MMAW process is being successfully used for weldafgcast irons, low alloy steels, high alloy stealginless steels,
manganese steels, copper and its alloys, alumiaiuahits alloys, nickel, etc. the best parameteviBfAW is selection of
welding parameters i.e., current and voltegeShengzhi [3found the results of ‘static strength of lap jeirih 2011 and
concluded that as stress concentration existstheaweld toe, failure generally occurs near thedw&hus, by increasing

the thickness of chord near the weld, the statength of tubular T-joint is improved.  These are feapers that include
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results on various welded joints and their behaviwhen stresses are induced in them. But, we haatuated the
‘characteristics of residual stresses on weldedl#ubr-joints’ with the help of analysis softwa®NSYS workbench and

the suitable working conditions as inputs.

3. METHODOLOGY
3.1 Introduction to Analysis

The objective of this paper is to investigate tharacteristics of the residual stresses inducadantubes in arc
welding in order to minimize residual stressesha tvork piece. More specifically, the choice oftage and current
applied has been sought with a mechanical modégnked in CATIA and imported to ANSYS Workbench. Tihermal
model is based on a heat source description whiagkssence is governed by the heat input i.e. heat (Hepends on
voltage and current) and weld area. This modeliin telivers heat flux which is helpful to find atlermal stresses and
finally residual stresses in the work piece. Irstiriodel the heat generation is expressed as acsungat flux from the

electrode into work piece, however it is the fuotdf the electrode diameter and voltage and cuaeplied as follows.
3.2 Calculation of Heat Flux (q)

Total heat flow, Q =V * |

Heat flux, q =Q/A

Area, A = perimeter of the joint x throat thicknegshe weld

A=nxDxt

Where, V=Voltage supplied, I=Current suppliegsWeld efficiency (usually take 0.92), A=Weld area.

D=Diameter of Joint, t=Throat thickness.
3.2.1Material Used -Low Carbon Steel

Low carbon steel approximately contains 0.05% 9%zarbon content (e.g. AISI 1018 steel). Mild btess a
relatively low tensile strength, but it is cheamlanalleable; surface hardness can be increasedgihmarburizing. It is a
hypo eutectoid steel containing 0.2 percent carbothe austenitic range this alloy consists ohdanm interstitial solid
solution. Each grain contains 0.2 percent carbesalved in spaces of the F.C.C iron lattice stmactit contains 75%

proeutectoid ferrite and 25% pearlite.
3.1.2Material Properties

Different material have been used in structuresre/iieelding is involved, with low carbon steel beitg most
common. The material used for weldment is also davbon steel. Two sets of temperature dependemrialaproperties
(Table 1) were needed in the analysis. The modofuslasticity is a measure of the stiffness of aemal. A higher
modulus material is more likely to resist distonti@he amount of expansion or contraction of a meilaundergo during
a heating or a cooling cycle depends on the coeffiof thermal expansion. Thermal conductivityegiva measure of the

ease of heat flow through a material.
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Table 1: Temperature Dependent Material Propertiedor both Pipe and Weld

T (Celsius) 0 | 100] 300] 450 550 60d 720 80D 1450 15101580
E(MPa) 315| 349 440| 460 410 33( 58.8  58[8 1.9 10 010
0(10%°c) | 10 | 11 12 13 14 14 14 14 15 15 15
KW/m°) | 519 51.1] 46.1] 4105 375 3564  30.4 26 29445 729 29.7
C(/Kg®K) | 450 | 499.2] 565.5 | 630.5] 705.5] 773.3 1080/4 931  437]93 400 B3b.2

4. CALCULATIONS
4.1. Thermal Model
The heat flow is constant for the joint of variesimperature and thermal flux is calculated by saftwa

automatically by using heat flow input which isaahted theoretically.

In this case, voltage (V = 30 volts) and current 00 Amps) are taken from the above table focudating the

heat flow.

Table 2: Heat Flow Parameters

Voltage, V (volts) 80 80 100 100 66 30
Current, (Amperes) 131 102 125 156 125 300
Heat, Q=Vh (Watts) | 9641.6| 7507.2 11500 14352 75p0 8280

Calculation of Heat Flow (Q), Q =V *I1#=30x 300 x 0.92= 8280W

The residual stress of different welded joints lisatned by conducting Steady State Thermal Analiysighich
the calculated heat flow value is taken as input.

Area of the joint at welded region/=D) t

Where, t = Throat thickness = 0.707 x s

s= Thickness of the weld = 7.5 mm

Now, Area, A =t (D) t == x (250) x (0.707x7.5) mfw 4164.57x16 mn?
and Heat flux, q = Q/A= 8280/(4164.57x36 2.00001x1®W/mnt

5. DESIGN & ANALYSIS
5.1. Introduction to CATIA

CATIA (Computer Aided Three-dimensional Interactpplication) is multi-platform software developby the
French company Dassault Systems. CATIA supportstipiell stages of product development (CAX), from
conceptualization, design (CAD), manufacturing (CAMind engineering (CAE). CATIA facilitates collabtive
engineering across disciplines, including surfacBghape design, mechanical engineering, equipragat systems
engineering. CATIA enables the creation of 3D pdrtam 3D sketches, sheet metal, composites, andded, forged or
tooling parts up to the definition of mechanicasersblies. CATIA can be applied to a wide varietyirafustries, from
aerospace and defences, automotive, and industfiapment, to high tech, shipbuilding, consumerdgomlant design,

consumer packaged goods, life sciences, architeanud construction, process power and petroleuchsarvices.
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5.1.1. Design Steps

Table 3: The Following Are the Steps to Be Followetb Model in CATIA V5

1 | Go to ‘START' window and select ‘RUN’ and type ‘CXE’ in the ‘RUN’ window.

After getting opened, Choose Start > Mechanicaidyes Part Design to make sure that you are in th
part design work bench. A new file in the Part [@asivorkbench is displayed on the screen, as shown i
the Figure. In which there is specification tree.(axis tree) in which there are 3 different ptaok
which one is to be selected as reference plane.

Select any one of the plane (xy or yz or zx) ondhéhe specification.

Using ‘profile’ tool bar and selecting circle sholwalow and by selecting circle draw the requiredafo
circles (two concentric circles).

The required dimensions (diameter) are given bgcsielg the object and by using the constraint baol
By clicking on the ‘Exit work bench’ command, itcidtates to get the 3D object. The 3D object is
extruded by selecting the pad option in the skétabed features.

Give the line at which angle the other pipe iségbojected and click on Exit sketcher to give refee
plane. Here, draw the two concentric circles ofiiezfl dimension and pad up to the surface of the.pi
Now, again select the reference plane which isipusly drawn and draw the circle with inner diamete
This is used to pocket, which provides the opeaintie joint.

For the weldment, create a bead and extract igusia extract tool. Now, create two curves and use
corner tool to avoid sharp edges and finally jbienh using the join tool. Use rib for the weld joint
The completed drawing is saved by using the savegement and firstly by creating .CAT patrt file.
While using this object in ANSYS workbench, thefif again saved by creating .stp file.

D

o (o] M W

D

Figure 1: Pocket Operation on Horizontal Pipe Figue 2: Pocket Operation on Vertical Pipe

Figure 3: Joining Process Figure 4: Assembled T-Joi with Weldment

The model is imported to ANSYS and evaluated fresstes at the various temperatures values.
Introduction to Finite Element Method (FEM)

The basic idea in the Finite Element Method isind the solution of complicated problems with rislaly easy
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way. The Finite Element Method has been a powedal for the numerical solution of a wide rangeerfgineering
problems. In the Finite Element Method, the solutiegion is considered as many small, intercondesié regions called
Finite elements. For simple members like unifornars, plates etc., classical solutions can be sobghforming
differential and/or integral equations through stuwes like machine tool frames, pressure vesseiymobile bodies,
ships, aircraft structures, domes etc., need soppgogimate treatment to arrive at their behaviolihe classical
differential equation solution approach leads ttraictability. Introduction to ANSYS Workbench: The ANSYS
Workbench represents more than a general purp@geesning tool. It provides a highly integrated ievegring simulation
platform. It supports multi-physics engineeringusimins. Provides bi-directional parametric with magailable CAD and

CATIA systems. It provides solutions for structythlermal, modal, linear buckling, and shape opation studies.

Table 4: Steps to Solve Problem in ANSYS Work Bench

.Launch ANSYS Workbench

.|Select GEOMETRY>FILE>IMPORT EXTERNAL GEOMETRY Aftémporting the STP file
.|Select NEW SIMULATION>MESH>GENERATE MESH

.|Select NEW ANALYSIS>STEADY-STATE THERMAL ANALYSIS

.[STEADY-STATE THERMAL ANALYSIS > ANALYSIS > INSERT STEMPERATURE
.[STEADY-STATE THERMAL ANALYSIS > ANALYSIS > INSERT STEMPERATURE
.[STEADY-STATE THERMAL ANALYSIS > ANALYSIS > INSERT >HEAT FLOW/HEAT FLUX.
Select SOLUTION>TOTAL HEAT FLUX >DIRECTIONAL HEAT EUX >TOTAL DEFORMATION
">EQUIVALENT STRESS >NORMAL STRESS >SHEAR STRESS RBICTIONAL DEFORMATION
. Right click on the SOLUTION > GENERATE > STEADY-STA THERMAL

Then go to setup and right click for transfer datan new and then mix up two fields i.e., STATIC
STRUCTURAL ANSYS and STEADY STATE THERMAL ANSYS

11/Click ANALYSIS SOLUTION in STATIC STRUCTURAL ANSY So solve the problem

12/SAVE the FILE in the WORD DOCUMENT.

O 0 |NOO|RWIN|F

=
o

After designing all four models in CATIA softwaradsaved as. STP files the models on which anailysesbe

done using ANSYS Workbench are as shown below.

'y
3
5 DD_QEEIEIEIZI5EIEI R QXY 0.00 500.00 (mm) %Y
Figure 5: Imported Model From CATIA Figure 6: Model Meshed in ANSYS
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0.0 50000 (mim)
250,00

1 &
=

E &
=

o.00 500.00 (mim)
25000

Model in ANSYS

Figure 7: Importing Temperature Values to the

Figure 8: Temperature Values Distributed to
the Model

6. RESULTS

43

Based on the results from ANSYS Work bench, thepbfiad modelling process for simulating weldingdinced

residual stresses using a general-purpose FE padesgribed here is reliable and instructive. Tlaénnfeature of the

simulation is by adopting steady state thermalysmis| the temperature history results are read trenthermal analysis as

loading to the stress analysis. The thermal arabfsbuld be steady-state to maintain constant texfyye with time while
the thermal analysis can be adopted for the stneslysis. However, the heat flow is calculated Wwhectaken as input for

the steady state thermal analysis and thereby wdifferent stresses and deformations for diffetemiperature values.

The Figures in this paper include: Total heat fllistributed, Directional heat flux, Directional defation, Stress

distribution on pipes. For the given various tenapare and flux values to the model: Variation olfocos represents the

variation of stresses in pipes. The different valogstress (in MPa) are shown in below Figures.

1116
0.83637
0.55708
0.27809
3.3374e-15 Min

0.00 500.00 (mrm)
250.00

1 &
3

0.00 £00.00 (mm)
250,00

1 =
X

Figure 9: Total Heat Flux Variations in the
Joint

o.00 50000 ¢mm)
250.00

Pipe

1 &
i

Figure 10: Directional Heat Flux Through X-
Axis in the Pipe Joint

-0.072759
-0.55244
-1.0221
-1.5118
-1.9915
-2.4712 Min

1 &
*

0.00 500.00 (mm)
250.00

Figure 11: Directional Heat Flux - Y-Axis i
Pipe Joint

n the

Figure 12: Directional Heat Flux-Z-Axis in the

Pipe Joint
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Now the steady state thermal analysis is mixed waitbther field i.e., static structural analysiset@luate the
various stresses induced in the pipe joints. Nosvtémperature values are imported to the statictstral analysis from
the steady state thermal analysis as shown Imported

T

& v
e 0.0 50000 fram)
Qo0 500.00 (mm) ——— x
e b4 250,00

25000

Figure 13: Total Deformations in the Pipe Joint Figire 14: Equivalent Stress in the Pipe Joint

Figure 15: Shear Stress Along XY Plane in the Pip¢ Figure 16: Shear Stress Along YZ Plane
Joint

=

- -
o.00 500.00 = 000 500.00 (mm) )

25000 250,00

Figure 17: Shear Stress Along XZ Planet Figure 18lormal Stress Along X-Axis in the
Pipe Joint

= =

- &y
0.00 500.00 trm) 4 0.0g 500.00 {mm) %
—

250,00 250,00

Figure 19: Normal Stress Along Y-Axis in the Pipe Figure 20: Normal Stress Along Z-Axis in the
Joint Pipe Joint
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l -

0.00 500.00 (mm;

tmmy Z ey
250.00 ®

0.00 50000 (mm)
25000

Figure 21: Directional Deformation Along X-Axis in | Figure 22: Directional Deformation Along Y-Axis
the Pipe Joint in the Pipe Joint

=
50000 (mm) 3

uuuuu

Figure 23: Directional Deformation Along Z-Axis in Figure 24:Coupled Field Analysis for Welding
the Pipe Joint

The below table gives the comparison between thatseof the pipe joints at different temperature

Temperature & orientation: 45°c & 20t0(Horizontal pipe & Vertical Pipe)

Table 5
Min.Value 3337415 | 012544 -120.84 -48.038 -1.0473 4.5049
Max.Value 2.5109 23717 232.44 99.263 23171 9.2414

7. CONCLUSIONS

By conducting analysis with weld parameters oflibat flow, which are calculated and are used agt ifgp the
analysis in arc welding of pipe joints. By the asiséd using above cases it is observed that Totl fhe, Directional heat
flux, equivalent stress, Normal stress, Shear stage increased at the welded region in the jdihe Stress value is
minimum of is 0.12544Mpa increased to 232.44MPa0&0°c which indicates that the increase in tenmpezancreases
the stress with decrease in the joint efficiencteaBy state thermal analysis is carried out tores# the residual
stresses.The shear stress impact is less companearial stress. The Directional deformation is enor z direction
compared to X and Y directions. The directionalthle is more impact on X axis .The high temperatieads to increase

in stresses in the joint. The temperature reducatiethods are to be followed to reduce the effect.

Future Scope of Work: In future, the same model can be generated usiothantype of Welding processes like

Friction stir welding, laser beam welding etc andlgsed using ANSYS workbench.
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