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Abstract

This paper studies the finite element method (FEM) to simulate the temperature field during welding of K
type pipe joint. Temperature variations at a point (node) in the heat source movement are examined. Using
Gas Metal Arc Welding - GMAW, the welding method is now widely used in the fabrication of steel structure.
The modeling and simulation of the temperature fie I[d when welding K joint connection made on the basis of
the model Solid (3D). In this paper we use VisualMessh / VisualWeld of ESI Group to model and simulate it.
This is a useful simulation tool because it can solve the complex problems of thermomechanical and
metallurgical in welding including nonlinear problems, pseudo steady state, kinetics, .. .
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1. Introduction

Simulation allows shortening research time,
reducing research cost and reducing the number of
experiements.

Welding simulation is one of the most useful
methods to predict the temparature field, residual
stress and distortion using FEM. It is widely known
that the temparature process directly affects the
reaction of the structure in the welding process such
as mechanism and microstructure. In the welding
process, the welded object is partly heated at a high
temparature. According to physical and chemical
properties, metals and alloys expand when heated and
shrink when cooled. This expansion is limited by
areas with lower temperatures or with clamps, which
leads to the temporary temparature stress in the
welded object and the residual stress after the welded
object is cooled. The temparature field identification
in welding plays an important role in identifying the
residual stress, welding distortion and microstructure
of areas in the welding joint.

2. Analysis and simulation tool

Among current commercial welding simulation
software such as ABAQUS, ANSYS, SYSWELD...,
SYSWELD (VisualWeld) by ESI Group is the most
powerful and sufficient specialized software in
simulating welding and metal temparature treatment
processes. The software can solve complex problems
related to nonlinear analysis (in heat transfer,
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distortion and phase transformation). The software
allows modelling and simulating the welding process
most sufficiently and practically.

On that basis, the authors choose the software
VisualWeld to simulate the structural carbon steel K
pipe welding joint in order to study the heat transfer
and the formation of residual stress and distortion
during GMAW welding.

2.1 Heat source model

The heat distribution in the welded object is the
heat of the arc column, thermal conductivity of the
base metal, the heat release into the environment and
the material's thermal properties. With the arc
welding heat source, the total of effective power is
P=n.Un.In (W), in which Us- is the arc voltage (V); In-
is the welding amperage (A) and n is the arc welding
efficiency (0.6 + 0.9).

Goldak et al. [1] presented the heat source
model in which the dobble ellipsoid distribution
density was defined by the combination of two
different semi-ellipsoids to make a heat source (Fig.
1). The heat density in each semi-ellipsoid is
described in two separate equations.

Qf=1

Fig. 1. GMAW welding heat source model, [2]



Journal of Science & Technology 127 (2018) 006-010

With any point (x,y,z) inside the first semi-ellipsoid
(in front of the welding arc), the heat source density
is presented (Eq. 1).

QR(X,y,Z,t)=Qf-eXp[—Xz—yz—ZzJ @

a? b* ¢

With any point (X,y,z) inside the second semi-
ellipsoid (behind the welding arc), the heat source
density is presented (Eq. 2).

X2 2 ZZ

QR(X’ y,Z,t) :Qr'exp[_arz_gz_ch (2)

where Qr and Q, represent the maximum power
density of the front and rear part of the model
respectively and as , a,, b and c represent parameters
which enable changing the model geometry and
adjusting the shape of the heat source model to
results obtained in real welding tests, see Fig. 1

Goldak et al. [3] showed the relationship
between the size of the heat source and the size of the
welding pool, and supposed that the appropriate
values for as, a, b and ¢ can be achieved by directly
measure the geometric parameters of the welding
pool. (Table 1).

Table 1. Parameters of moving heat source, [4]

Layers/Pass b(mm) [c(mm) |as mm) |a, (mm)
Layer1(1,2) |7 4 3 5
Layer2(3,4) |6 4 3 5
Layer2(5,6) |6 4 3 5

2.2 Material parameters

The material used in K type pipe joint is the
structural carbon steel and the material used in
simulation is S355J2G3 steel, equivalent to the
material used to manufacture K type pipe joint. The
chemical composition of S355J2G3 steel are: C
(0.18%), Mn (1.6%), Si (0.55%), S (0.035%), P
(0.035%) and it has the melting temparature of 1500
°C. S355J2G3 steel has the yield strength of 355
MPa, elastic modulus E = 210 GPa (at 20 °C),
poisson coefficient of 0.33. In the welding process
simulation, the authors study the temparature
variations from 20 °C to the melting status of the
material (1500 °C).
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Fig. 2. K type pipe welding joint

Table 2. Parameters of K joint, [5]

Parameter | Description Unit | Value

D The outer diameter | mm | 219
of the main pipe

t The thickness of the | mm | 12.7
main pipe

Dutens, The diameter of the | mm | 102
branch pipe

Dbcomp PIp

th The thickness of the | mm | 8
branch pipe

0 Branch angle ° 50

g gap mm | 50

D/t Chord wall | - 17.24
slenderness

Dy/ty Branch slender-ness | - 17

Dvw/D Width ratio - 0.47

e Joint eccentricity mm | 0

The size of K joint is designed according to the
standard of AISC (Fig. 2). The parameters are
described in Table 2.

2.3 Discrete model

In order to properly simulate, it is necessary to
describe on FEM model exactly the same as factual
welding process, including: welding line trajectory,
reference line, start point and end point of the welds.
The branch pipe thickness is 8 mm, bevelled edge,
we weld 2 layers with 3 passes, see Fig. 3.

/ Branch pipe \

Chord pipe

Fig. 3. Welding layers arrangements

The K type pipe joint is discreted model with
145126 elements and 115495 nodes. There are 94288
elements that using in K type pipe joint are hexa,
penta, tetra (Fig. 4).

In order to increase the accuracy of analyses, the
mesh was consentrated in the joint area as well as in
the area adjacent to it (HAZ); in other areas, the
distance between nodes is sparser to decrease the
calculating time and the number of elements and
nodes of the model (Fig. 5).
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Fig. 4. K type pipe joint modelling

Fig. 5. Type of mesh and mesh dividing area
2.4 Welding process

With K type pipe joint, the welding process and
welding layers are arranged as in Fig. 3. To finish this
welding joint, we have 12 passes (half a pipe).

Fig. 6. Welding sequences

In this paper, the author choose the start point of
welding line in the narrow angle and the end point in
the wide angle. The welding order is respectively
1,2,3,4 as in Fig. 6. The latter welding layers (passes)
apply the same as above. The start point and end
point of welding passes are alternate.

2.5 The heat source model modification

This is an important step because according to
the cross section of the welding joint compared with
the temparature field when simulation, we can
modify some welding parameters (linear energy,
torch angle, parameters ay, a, b and c) suitably to the
fusion depth and the width of HAZ area of the weld
beads.

Table 3. Welding parameters for GMAW.

Layers/ In Un Vh Dy
Pass (A) V) (mm/s) | (mm)
Layer1(1,2) | 120 22 5 1,0
Layer2 (3,4) | 130 24 5 1,0

Layer 2 (5,6) | 125 23 5 1,0

In which: Vi Welding speed [mm/s]; Dq: The
diameter of wire [mm].

Table 4. Simulation parameters for GMAW.

Layers/ Linear energy | Welding
Passes (J/mm) speed (mm/s)
Layer1(1,2) | 520 5

Layer2 (3,4) | 610 5

Layer2 (5,6) | 570 5

T

Fig. 7. The heat source calibration

In Fig. 7, the welding mode in Table 4 shows
that the fusion depth between simulation and
experiment is almost the same and acceptable.
Therefore, we can use this heat mode to simulate the
temparature of the welding process.

2.6 The clamp condition

The K type pipe joint is clamped as in Fig. 8, in
which the main pipe is tightly clamped in three
directions (x,y,z) and the two branch pipes are only
clamped in the direction z. The clamping time
remains during the simulation (4500 s).

Fig. 8. Clamping position in K type pipe joint
2.7 Calculation and simulation

To get the accurate simulation results, we have
to describe parameters exactly the same as the factual
welding process, including: welding line trajectory,
reference line, start point and end point of the welds
(Fig. 9). This process is undergone on the software
VisualWeld [6].

PATH
START NODE
END NODE

START ELEMENT ENDNODES |

Group /

Heatsource  7p AyECTORY

STARTNODES Group
REFERENCE

Fig. 9. Weld operation description
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3. Simulation results and discussion

After modelling the welding joint [7], we
declare the properties of materials, the heat source
power and set the calculating conditions as described
above. Solving the problem, we get the following
results:

3.1 The temparature field

When the welding heat source moves along the
weld, there appears a temporary temparature
distribution field and heat stress in the joint. In Fig.
10 is the temparature distribution results of the
welding pool and HAZ area when welding the first
line. Fig. 11 is the temparature distribution results of
the welding pool and HAZ area when welding the
first and the second line.

Fig. 10. The total of heat in the first weld

K JOINT CONNECTION OF WELDING SIMULATION

Fig. 11. The total of heat in the first and second weld

VELDING SIMULATION

Fig. 12. The total of heat in three welds

Fig. 12 is the temparature distribution results of
the welding pool and HAZ area when welding three
lines with the heat parameters as in Table 4. Because
the heat transfers to the main pipe in 2 dimensions
and to the branch pipes in 1 dimension, the heat
affected area in the main pipe is narrower than in the
branch pipes.

Fig. 13 is the process of heat transfer to the
weld, which shows that the heat parameters used in
the simulation is appropriate; the joint is not
damaged, the heat energy at the beginning and finish
of the weld is well treated.

Fig. 13. The quantity of heat to the weld
3.2 The heat process

48870/

Fig. 14. The total of heat in three welds

Fig. 14 is the location of the nodes defining the
temperature field.
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Fig. 15. The heat process at node 341

Fig. 15 is the heat distribution at node 341 in the
1 of the K type pipe welding joint with the useful
heat power and the respective welding speed. At
33.1946 seconds, the temperature is 2125.14 °C, this
is the time that the melting welding pool pass. After
about 317 seconds, the temperature of the joint
decrease to 38 °C, at that time, the second bead will
be welded.

At the second number 1435.65, the temperature
at this node is 685.3 °C; the reason for this increase is
affected by the second welding line. However, the
second welding line is below this node; therefore, at
this time node 341 is affected by the heat as in HAZ
area.

It can be seen in Fig. 15 that with the chosen
heat source power, the welding joint is not damaged.
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Fig. 16. The heat process at node 5034
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Fig. 18. The heat process along the chord pipe

Fig. 16 is the temparature field at node 5034,
this is the node at HAZ area of the branch pipe. This
node is heat affected by three welding lines.
However, because of the far distance with the second
weld bead, the temparature only increases to 300 °C.
This temparature does not affect the mechanism and
the microstructure of the welding joint and the HAZ
area.

Fig. 17 is the heat process at node 48870 in
HAZ area and the main pipe is 15 mm away from the
weld bead. When the second bead is welded, this
node is heat affected (125 °C). This temparature does
not affect the microstructure and mechanism in this
area.

Fig. 18 shows the temparature variations along
the main pipe at step 435 with the highest
temparature about 150 °C.

4. Conclusion

This paper focuses to simulate the temparature

10

field in the K type pipe welding joint with 2 layers
and 3 passes using GMAW process. The first pass is
the innermost layer, so besides being heat affected
itself, it is directly affected by the heat transfer when
welding the second and third lines. Therefore, the
mechanism and microstructure of the weld happens
complicatedly, directly affecting the welding quality.

By changing the input parameters such as the
effective heat source power P (or the linear energy)
and the welding speed Vi, using the software
Sysweld/ VisualWeld, we can find out the
appropriate welding parameter set in order to provide
the weld the sufficient quantity of heat to melt the
steel but not damage the steel.

According to the temparature field simulation in
K type pipe welding joint, we can know:

+ The transfer of the melting welding pool of each
welding line and the whole process.

+ HAZ area when welding each line and the whole
process.

+ The heat distribution in the chord pipe and the
branch pipe.

Numerical simulation is a useful and reliable
tool in calculating and analyzing the temperature
variation at any time in the welding joint. It can be
predicted that the possibility to form the weld and
detects can appear during the welding.

Simulation gives rapid results and optimizes the
welding parameters to control parameters directly
affecting the quality of the weld. We can change the
welding parameters rapidly without experiments.
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