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Abstract

The aim of this paper is to demonstrate the influence of the single butt joint design
of TIG welding on the thermal stresses for carbon sted type St-37. The butt welding
was performed by V angles 30°,45°,60° and 90° and the thermal stresses analysis is
based on the local moving heat flux. The numerical modd developed by ANSY S12
software based on solving the three dimensional energy equation, considering moving
heat source and temperature dependent material properties. Temperature and stresses
distributions were obtained function of time. From the results, it is evident that the
joint design has an important role in the welding process, when the edge angle of the
welding region gets bigger, the faults get less due to increase of heat flux in the
welding region. It can be concluded that the specimen with less than 6mm thickness
can be weded without edge angle preparation, due to increase the thermal stresses
when edge angle is evident and higher thermal stresses distribution was at edge angle
60° and lowest thermal stresses distribution was at 90°.

Keywords: Weding technology, Finite dement method, Moving heat source,
ANSYS12 software,
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I ntroduction

IG butt welding is a process that

is being widely used in industry

for shest joining purposes.
Many applications of welding made of
carbon sted (e.g. bridge structure, fue
tanks ..etc) are subjected to various
stresses (mechanical, thermal ..etc).
The toughness and resistance of the
welded piece to failure depending on
many factors such as shape, design of
the wdding piece, the method
implemented for weding and the
nature of the applied stresses.
Estimation of the temperature fidd
within a metal plate produced by a
moving heat source subjected on its
surface is obvioudly of a great practical
interest for the study of weding
processes. It is wel known that the
welding process relies on an intensdy
localized heat input, which tends to
generate undesired residual stresses and
deformations in welded structures,
especialy in the case of thin plates[1].
Therefore, estimating the magnitude of

welding deformations and
characterizing the effects of the
welding  conditions are  deemed

necessary. With modern computing
facilities, the finite eement technique
has become an effective method for
prediction and assessment of welding

stresses[2]. Therefore, rapidly and
accurately predicting welding induced
distortion for real  enginesering
applications is more challenging. Hani
[3] (1998) explains the thermo-
mechanical maode which  was
developed using FE method to

calculate temperature, stresses and
distortions during dasto-plastic
analysis. Lindergen e al [4] (2002)
presented a thermo-mechanical
Analysis in butt weding of copper
canister for spent nuclear fud. Anas
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And Abid [5] (2004) studied the finite
dement volume for modeding welds
and it depicts a brief history of the
Simulation of welds. Dragi and Ivana
[6] (2009) studied the finite dement
analysis of residual stresses in butt
welding of two similar plates. Hani and
Khaiyria  [7] (2010) studied
experimentally and numerically the
influence of single butt MIG weding
shapes design on the microstructure
and stresses of low carbon sted.
Karima e a (2010) [8] studied the
thermal distribution within metal plate
subjected to moving heat source using
finite dement method. Many analytical
2D or 3D modes have been developed
in literatures [9,10,11,12] using integral
transformations (a finite cosine Fourier
integral  transform), separation of
variables and Jaeger's classical heat
source method respectively. These
models are principally based on several
postulates regarding source term
modeling methods (shape, source,
distribution of energy) with or without
surface cooling. The objective of this
work is to study the thermal stresses of
two metal plate subjected to a moving
heat source during TIG weding
process with different shape design.
Experimental

Choice of Metals

Low carbon sted St37 was chosen
according to the Russian Standards
(Gost) . Its chemical analysis is shown
in Table (1).

Preparation of welding piece

- Sdection metallic plates, 5 mm thick,

100 mm long and 30 mm wide.

- making preparation single V angle
of 30°.

- The operation is repeated on the
remaining pieces to make V angles
of (45°, 60° and 90°).
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Welding Process

Weding is done by dectric arc
(TIG) on the piece. The conditions for
the process are indicated in Table(2)
.The Input heat quantity is calculated
by the following equation[1]:
VvV’ 60

D)

where | .. current (amp.) , V.. Voltage
(valt) , and S.. welding speed (mVmin)
Welding Electrode

The weding eectrode (316L) is
used [13,14] with 2.8 mm diameter in
which the chemical composition is
shown in Table(3).
Classification of specimens

After preparation, the specimens
were classified in the groups as shown
below.

I
Heat Input =

A | Butt wedding single angle
30°

B | Butt wedding single angle
45°

C | Butt weding single angle
60°

D | Butt welding angle 90°

Mathematical Model
Conservation of Energy

The three dimensional energy
equation for an isotropic material is
used to describe the plate thermal
history [8,15].

ﬂZT + ﬂZT + ﬂZT +i iﬂ
™ Y2 122 | aft
2

where

a is the thermal diffusivity of the
metal at timet

g interna heat source per unit
volume (existed when the is phase
transformation  otherwise it is
vanished.
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A thermal conductivity of the metal.
During phase transformation (i.e
mdting or solidification) then

ffs

q = where H is the latent
heat of fusion and p .. density.
Discretizition of equation(2) is adopted
with FEM to give demental matrices
and vector. The assembly of these
elemental matrices into global matrices
and vector give first order transient
simultaneous  differential  equations
[3,15]:

Finally the plate surface exposed to
gpecified heat flux g , can be
formulated mathematically across the
central segment of the upper surface

as.
i

| = ﬂ_yl| plate = qs (3)

Ct+KT=F @)

The demental matrices and vector can
be computed from:

e—orcNNdW 5)
ﬂNﬂN,|ﬂNﬂN.0 N ©

R R v
(7

F® = oN,hT,dG
s

Finite Element M odel

The general purpose FE package
ANSYS12 is used for both the thermal
and stress analyses performed directly
with an appropriate couple eements
[7,16]. The main features of the 3D
mode are the moving heat input, the
eement birth-and-death technique, the
heat loss, the temperature-dependent
material properties, and the application
of ANSYS parametric design language
(APDL) to modd the moving heat
source and adaptive  boundary
conditions (Appendix-A-). The dement
types used in the thermal and structural
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analyses are SOLID5 (Fig-1-). It is the
8-noded brick dements. The direct
generation meshes used is shown in
Fig.2 for different shapes design. The
moving heat source is modeed by
setting a heat flux to the dements of
the fusion zone. The total heat input is
evaluated according to the equation(l).
The metal deposition is considered by
using the dement birth technique. This
technique is based on deactivating and
reactivating the dements of the fusion
metal at a prescribed time as the
deposition progresses. This is also the
‘arrival’ time for the heat input for the
deposited dements. Consequently, the
theemal mass and the heat flow
conditions accuratdly portray the
sequential deposition of the material.
As it was mentioned earlier, the
boundary conditions include
convective heat loss. Since only the
current outer surface of the partialy
completed deposit is a convecting
surface at any given time, the boundary
conditions are subject to the birth-death
option. Also, the boundary conditions
depend strongly on the position of the
heat source[17]. The ANSY'S steps can
be demonstrated by our developed
APDL program (Appendix -A-) to
make the butt welding analysis.
Results and Discussion

By observed and calculated heat
guantity as shown in Table (2), it is
found that with increasing preparation
edge angle of the welded plates, the
heat quantity decrease, quantity of
welding metal decreases, weding
region possesses better quantities,
greater heat transfer to adjoining region
(which is effected directly by heat),
while it can be shown that the hest
quantity is equal with weld edge 30° V
and 90° V, this is due to the same input
parameters. Increasing of heat quantity
contributes in growth of granules’
volume with high ductility due to slow
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cooling of the metal during welding as
well as weak mechanical properties
(resistance to tension and hardness).
Therefore, it is preferred that the
welding angle be 30° and 90° for
homogenous heat distribution to it.
Figs.(3,4,5,& 6) show the temperature
distribution and the thermal stresses in
the weded region due to moving
heating flux, it can be seen that when
the edge angle increased, the thermal
stresses increased for angle 30°,45° and
60° while decreased in the 90° sguare
butt welding. Weldability differs from
one metal or aloy to another. It
depends on its material properties
(Table(4)), chemical composition and
the method of welding. To insure good
weld for the metal, the latter should be
a good heat conductor, of little
shrinkage and of small longitudinal
expansion index. The more intense are
the generated internal stresses, the
greater would be the longitudinal
expansion index and its shrinkage is
greater. Evidently good welding quality
would be better as the region adjacent
to the seams of the wed is smaller.
Wedability of low carbon sted down
to 0.2% is very good. By increasing the
carbon percentage, heat conductivity of
sted decreases and the internal stresses
init areincreased.

Conclusions

1. Higher thermal stresses distribution
was at edge angle 60° and lowest
thermal stresses distribution was at 90°.
2. It can be concluded that the
specimen with less than 6mm thickness
can be welded without edge angle
preparation.

3. When the wdding angle is
increased, the stuffing material and its
properties, have an influence on the
properties of welding region.

4. The work presents the finite e ement
modd for numerical simulation of
welding stresses in low carbon sted St-
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37 butt wdding. The wdding
simulation was considered as a direct
coupled thermo- mechanical analysis.
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Appendix-A-

/view,1,1,1,1

lprep7

€,1,5,0

I properties of plate

mp,dens, 1,7880:mp,kxx,1,60:

mp,c,1,480:mp,ex,1,210e9:

mp,nuxy,1,0.3
mp,alpx,1,1.15e-5

I plasticity coef.

TB,bkin,1:

tbdata, 1,380e6,210€9*0.85

Iproperties of fusion areain the plate

mptemp, 1,0,100,200,400,600,800,1000

,1200,1400,1550

mpdata,c,2,1,480,500,520,650,750,100

0,1200,1400,1600,1700
mpdata,kxx,2,1,60,50,45,38,30,25,26,2

8,37,37

mpdata,dens,2,1,7880, 7880, 7800, 7760,

7600,7520,7390,7300,7250,7180

mpdata,alpx,2,1,1.15e-5,1.2e-5,1.3e-
5,1.42e-5,1.45e-5,1.45e-5,1.45¢e-
5,1.45e-5,1.45e-5,1.45e-5
mpdata,Ex,2,1,210e9,200e9,200€9,170
€9,80e9,35€9,20e9,15€9,10e9,10e9
mpdata,huxy,2,1,0.3,0.3,0.3,0.3,0.3,0.3,
0.3,0.3,0.3,0.3

typel: mat,l

n1,000 : n,2,0,0,0.025

n,3,0.03,0,0.025: n,4,0.03,0,0

n,5,0,0.0025,0: n,6,0,0.0025,0.025:
n,7,0.03,0.0025,0.025:
n,8,0.03,0.0025,0
en,1,1,2,3,4,5,6,7,8:
n,10,0,0.005,0.025:
n,11,0.03,0.005,0.025
n,12,0.03,0.005,0:
en,2,5,6,7,8,9,10,11,12:
n,13,0.06,0,0.025: n,14,0.06,0,0
n,15,0.06,0.0025,0.025
n,16,0.06,0.0025,0:
en,3,4,3,13,14,8,7,15,16

tbtemp,80:

n,9,0,0.005,0:

n,17,0.05785641,0.005,0.025:
n,18,0.05785641,0.005,0
en4,8,7,15,16,12,11,17,18 :
n,19,0.093,0,0.025: n,20,0.123,0,0.025
n,21,0.123,0,0 n,22,0.093,0,0:
n,23,0.093,0.0025,0.025
n,24,0.123,0.0025,0.025
n,25,0.123,0.0025,0
n,26,0.093,0.0025,0
en,5,19,20,21,22,23,24,25,26:
n,27,0.093,0.005,0.025
n,28,0.123,0.005,0.025
n,29,0.123,0.005,0:
n,30,0.093,0.005,0:
en,6,23,24,25,26,27,28,29,30
n,31,0.063,0,0.025 n,32,0.063,0,0:
n,33,0.063,0.0025,0
n,34,0.063,0.0025,0.025:
en,7,31,19,22,32,34,23,26,33
n,35,0.06514359,0.005,0.025:
n,36,0.06514359,0.005,0
en,8,34,23,26,33,35,27,30,36
*do,i,1,24,1

n,36+i,0.06,0,0.001%i

*enddo

*do,i,1,24,1
n,60+i,0.063,0,0.001*i

*enddo

*do,i,1,24,1
n,84+i,0.06,0.0025,0.001*i
*enddo

*do,i,1,24,1
n,108+i,0.063,0.0025,0.001*i
*enddo
en,9,14,37,61,32,16,85,109,33:
en,10,37,38,62,61,85,86,110,109
en,11,38,39,63,62,86,87,111,110:
en,12,39,40,64,63,87,88,112,111
en,13,40,41,65,64,88,89,113,112:
en,14,41,42,66,65,39,90,114,113
en,15,42,43,67,66,90,91,115,114:
en,16,43,44,68,67,91,92,116,115
en,17,44.45,69,68,92,93,117,116:
en,18,45,46,70,69,93,94,118,117
en,19,46,47,71,70,94,95,119,118:
en,20,47,48,72,71,95,96,120,119
en,21,48,49,73,72,96,97,121,120:
en,22,49,50,74,73,97,98,122,121
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en,23,50,51,75,74,98,99,123,122
en,24,51,52,76,75,99,100,124,123
en,25,52,53,77,76,100,101,125,124
en,26,53,54,78,77,101,102,126,125
en,27,54,55,79,78,102,103,127,126
en,28,55,56,80,79,103,104,128,127
en,29,56,57,81,80,104,105,129,128
en,30,57,58,82,81,105,106,130,129
en,31,58,59,83,82,106,107,131,130:
en,32,59,60,84,83,107,108,132,131
en,33,60,13,31,84,108,15,34,132
*do,i,1,24,1
n,132+i,0.05785641,0.005,0.001%i
*enddo

*do,i,1,24,1
n,156+i,0.06514359,0.005,0.001%i
*enddo

type,1

mat,2
en,80,16,85,109,33,18,133,157,36 :
en,85,85,86,110,109,133,134,158,157
en,90,86,87,111,110,134,135,159,158 :
en,95,87,88,112,111,135,136,160,159
en,100,88,89,113,112,136,137,161,160

-en,105,89,90,114,113,137,138,162,161
en,110,90,91,115,114,138,139,163,162

en 115,01,02,116,115,139,140,164,163
en.120.92.93,117,116,140,141 165,164

én,125,93,94,118,117,141,142,166,165
en,130,94,95,119,118,142,143,167,166

en,135,95,96,120,119,143, 144, 168,167
en.140,96.97.121 120,144 145,169 168

én,145,97,98,122,121,145,146,170,169
en,150,98,99,123,122,146,147,171,170

en,155,99,100,124,123,147,148,172,17
1
en,160,100,101,125,124,148,149,173,172

en,165,101,102,126,125,149,150,174,173
en,170,102,103,127,126,150,151,175,174
en,175,103,104,128,127,151,152,176,175

en,180,104,105,129,128,152,153,177,176

én,185,105,106,130,129,153,154,178,177
en,190,106,107,131,130,154,155,179,178

en,195,107,108,132,131,155,156,180,179
en,200,108,15,34,132,156,17,35,180
D,al,ux: D,al,uy: D,al,uz
Allsd,all
finish
/SOLU
ANTYPE,trans
TRNOPT,FULL
NROPT,AUTO, ,
EQSLV,
SOLCONTROL,ON
AUTOTS,on
KBC,1 Istep
OUTRESALL,ALL,
I'moving heat flux
V=380 ! voltage (valt)
=130 ! Current (amp.)
S=2 ! wdding speed (m/min)
qw=V*1*60/2
lload step 1, initial conditions 25 C
TIME,0.001
DELTIM,0.001,0.001,0.001
TUNIF,25,
solve
lload step 2..... , apply moving heat
flux
=1
*D0,i,195,85,-5
TIME,j
DELTIM,0.11,0.11,0.11,
SFEDELE,i+5,6,HFLUX
Idelete heat flux of previous step
SFE,i,6,HFLUX, ,OW, , ,
lapply hest flux, face 6
eplot
solve
j=+1
*ENDDO
finish
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Table(1) The Chemical Properties of the used Metal St 37
Wt% of | C S Mn Cr Mo Cu Co \% w Ai Ni P S
element
Actual | 02 | 0009 065 | 0.011).004 | 0.041 0.004 | 0.0009 | 0.003 | 0.001| 0.012 | 0.09 | 0.05
value %
Standar | 018 | 001 | 0.3- 0.04 | 0.05
d value | - 0.6
% 0.23
Hardness (HB) =125

Table(2) Conditions of the Welding process(V=380 volt, welding speed, S=2

m/min, thickness= 5mm

Current No. of | Input heat

I passes guantity

(Amp) (Joule)
30°V angle | 130 1 804726000
45°V angle | 120 2 742824000
60° V angle | 123 2 761394600
90° 130 3 804726000

Gap (root) ismade=1mm for all joint design

Table(3) The Chemical composition of welding wire 316L

dement | C Si Mn | Co Ni Cr Cu Mo
W1% 0.03 | 0.5 15 | 019 |10 171 | 0.22 | 1.510
Diameter of wire=2.8mm
Table(4) Material Propertieq6]
Temperatur | Specifi | Conductivit | Densit | Yield | Thermal Young s | Poisson
e c y y Stress | Expansion | modulu | s
(°C) Heat (W/m°C) (kg/m*) | (MPa | Coefficien | s
(Jkg°C ) t (GPa)
) (10-5/°C)
0 480 60 7880 380 1.15 210 0.3
100 500 50 7880 340 12 200 0.3
200 520 45 7880 315 13 200 0.3
400 650 38 7760 230 1.42 170 0.3
600 750 30 7600 110 1.45 80 0.3
800 1000 25 7520 30 1.45 35 0.3
1000 1200 26 7390 25 1.45 20 0.3
1200 1400 28 7300 20 1.45 15 0.3
1400 1600 37 7250 18 1.45 10 0.3
1550 1700 37 7180 15 1.45 10 0.3
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¥ i
X J

Figure (1) Element type used in the analysis(Solid5)

V30° R V45°

V 60° 90°
Figure (2) Models used in the TIG welding analysis
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Temperature distribution Thermal stresses distribution
Figure(3) Moving heat sour ce on the specimen group — A —
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Temperature distribution Thermal stresses distribution
Figure (4) Moving heat source on the specimen group — B -
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Temperature distribution Thermal stresses distribution
Figure (5) Moving heat source on the specimen group — C —
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Temperature distribution Thermal stresses distribution
Figure (6) Moving heat source on the specimen group — D —
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